CHUCK TABLE AND | NSPECTI ON APPARATUS

BACKGROUND CF THE | NVENTI ON

Field of the Invention

The present invention relates to a chuck table and
an inspection apparatus for observing a workpiece of a
frame unit through a tape.

Description of the Related Art

Cutting blades and | aser beans are used to process
sem conductor device wafers and device wafers nade of
silicon carbide (SiC), lithium tantalate (LT), Ilithium
ni obate (LN), or the like. Wbrkpieces such as wafers are
available as a frame wunit in which a workpiece is
securely placed in an opening in an annular frane by a
tape, so that device chips divided from the workpiece
will not spread apart. The workpiece is fixed to a porous
chuck table by a tape and then processed by a cutting
bl ade or a | aser beam (see, for exanple, JP 2014-013812A).

However, there are denmands for observing a reverse
side of a workpiece before and after the workpiece is
processed. For exanple, in a case where a face side of a
wor kpi ece where devices are forned is fixed to a tape and
the workpiece is cut from the reverse side thereof,

streets or projected dicing lines on the face side of the



wor kpi ece may be observed with an infrared canera from
the reverse side that is exposed. |f the exposed reverse
side is covered with a netal film then the streets on
the face side cannot be detected when attenpts are made
to observe them from the reverse side with the infrared
carmer a. In view of this difficulty, there has been
devi sed a chuck table made of a transparent material such
as glass for observing the face side of a workpiece
pl aced on the chuck table through the chuck table (see,

for exanple, JP 2006-281434A and JP 2010-087141A).

SUMMVARY OF THE | NVENTI ON

In a case where a chuck table having a hol der nade
of a transparent material such as glass is used, since
glass is nornmally inperneable to air, vacuum grooves need
to be forned in a holding surface of the holder for
applying a vacuum to a workpiece on the chuck table to
hold the workpiece under suction on the chuck table.
However, the vacuum grooves tend to prevent the infrared
canmera from focusing clearly on the face side of the
wor kpi ece, making it difficult to observe the face side
al ong the vacuum grooves. One solution would be to cover
the holder in its entirety with a tape and develop a

vacuum between the holding surface and the tape through



suction holes defined around the holder. Though the
suction holes elimnate the need for formng vacuum
grooves in the holding surface, air my remain trapped
between the holding surface and the tape, possibly
presenting an obstacle to the observation of the face
side fromthe reverse side of the workpiece.

It is therefore an object of the present invention
to provide a chuck table and an inspection apparatus
which nake it easy to observe a workpiece placed on a
hol der nade of a transparent naterial.

In accordance with an aspect of +the present
i nvention, there is provided a chuck table for holding a
frame unit including a workpiece securely placed in an
openi ng of an annular frame by a tape, including a holder
having a holding surface for holding the workpiece
thereon with the tape interposed therebetween, the hol der
being nade of a transparent material, and a frame body
erected around the holder and surrounding the hol der, the
frame body having a plurality of suction holes defined
therein that are open in an inner circunferential surface
of the franme body, in which the frame body has an inside
di aneter equal to or smaller than an inside dianeter of
the annular franme, and, while an opening of the frane

body is being covered by the tape of the frame unit, a



suction force is transmtted through the suction holes
into the frame body, discharging air from between the
tape and the holding surface to bring the tape into
intimate contact wth the holding surface thereby
securing the workpiece of the franme unit to the hol ding
sur f ace.

Preferably, the holding surface of the holder is
flat inits entirety and is free of suction grooves.

In accordance wth another aspect of the present
i nvention, there is provided an inspection apparatus for
i nspecting a workpiece, including a chuck table for
hol ding, on a holding surface, a frame unit including a
wor kpi ece securely placed in an opening of an annular
frame by a tape, a canera unit for capturing an inmage of
t he workpi ece held on the chuck table through the hol ding
surface from a holding surface side, and a noving unit
for relatively noving the chuck table and the canera unit
in X-axis directions parallel to the holding surface or
Y-axis directions perpendicular to the X-axis directions.
The chuck table includes a holder having the holding
surface for holding the workpiece wth the tape
i nterposed therebetween, the holder being nade of a
transparent material, and a frame body erected around the

hol der and surrounding the holder, the frame body having
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a plurality of suction holes defined therein that are
open in an inner circunferential surface of the frane
body. The frame body has an inside dianeter equal to or
smal l er than an inside dianeter of the annular franme, and,
while an opening of the frame body is being covered by
the tape of the frame wunit, a suction force is
transmtted through the suction holes into the frane body,
di scharging air from between the tape and the holding
surface to bring the tape into intimate contact with the
hol ding surface thereby securing the workpiece of the
frame unit to the hol ding surface.

Pref erably, t he I nspection appar at us S
incorporated in a processing apparatus including a
processing unit for processing the workpiece with a
cutting blade or a |aser beam and the processing unit
processes the workpiece held on the chuck table and
i nspects the workpiece by capturing an inage of the
wor kpi ece processed by the processing unit through the
chuck tabl e.

According to the present invention, even though the
hol der is nmade of a transparent material, the workpiece
can easily be observed.

The above and other obj ect s, features and

advantages of the present invention and the nanner of



realizing them wll becone nore apparent, and the
invention itself will best be understood from a study of
the following description and appended <clains wth
reference to the attached drawi ngs showi ng sone preferred

enbodi nents of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a perspective view illustrating by way of
exanple a processing apparatus including a chuck table
and an inspection apparatus according to a first
enbodi nent of the present invention;

FIG 2 is a perspective view of a frane unit
including a workpiece to be processed by the processing
apparatus illustrated in FIG 1;

FIG 3 is a perspective view illustrating by way of
exanple the inspection apparatus according to the first
enbodi nent ;

FIG 4 is a perspective view illustrating by way of
exanple a chuck table of the processing apparatus
according to the first enbodi nent;

FIG 5 is a cross-sectional view of the chuck table
according to the first enbodi nent;

FIG 6 is a cross-sectional view illustrating the

manner in which a franme body of the chuck table of the



processing apparatus illustrated in FIG 1 and an annul ar
frame of the frame unit are aligned wth each other;

FIG 7 is a cross-sectional view illustrating the
manner in which the annular frame of the frame unit is
pl aced on an upper surface of the frame body of the chuck
tabl e of the processing apparatus illustrated in FIG 6;

FIG 8 is a perspective view illustrating the
manner in which a workpiece is held under suction on a
hol ding surface of the chuck table illustrated in FIG 7
with a tape of the frame unit interposed therebetween;

FIG 9 is a cross-sectional view of the chuck table

and the workpiece illustrated in FIG 8§;
FIG 10 is a cross-sectional view illustrating the
manner in which a reverse side of the workpiece

illustrated in FIG 9 is observed with a canmera unit;

FIG 11 is a perspective view illustrating by way
of exanple a processing apparatus that incorporates an
i nspection apparatus including a chuck table according to
a second enbodi nent of the present invention,

FIG 12 is a perspective view of a frame unit
including a workpiece to be processed by a processing
apparatus including a chuck table and an inspection
apparatus according to a first nodification of the first

and second enbodi ments;



FIG 13 is a perspective view illustrating the
manner in which the frame unit illustrated in FIG 12 is
hel d under suction on the chuck table; and

FIG 14 is a perspective view illustrating by way
of exanple a processing apparatus that incorporates an
i nspection apparatus according to a second nodification

of the first and second enbodi nents.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS

Preferred enbodi nents of the present invention wll

be described in detail below with reference to the
dr awi ngs. The present invention is not limted to the
details of the enbodinents described below The

conponents descri bed bel ow cover those which could easily
be envisaged by those skilled in the art and those which
are essentially identical to those described above.
Furthernore, the arrangenents described bel ow can be used
in appropriate combi nat i ons. Vari ous om ssi ons,
repl acenents, or changes of the arrangenents may be nade
wi t hout departing fromthe scope of the present invention.
(First enbodi nent)

A chuck table and an inspection apparatus according
to a first enbodinment of the present invention wll be

descri bed below with reference to the draw ngs. FIG 1



illustrates in perspective a processing apparatus
including the chuck table and the inspection apparatus
according to the first enbodinent. FIG 2 illustrates in
perspective a franme wunit including a workpiece to be
processed by the processing apparatus illustrated in FIG
1. FIG 3 illustrates in perspective the inspection
apparatus according to the first enbodinent. FIG 4
illustrates in perspective a chuck table of the
processi ng apparatus according to the first enbodi nent.
FIG 5 illustrates in cross section the chuck table
according to the first enbodi nent.

As illustrated in FIG 1, a chuck table, denoted by
1, and an inspection apparatus, denoted by 10, according
to the first enbodinent jointly make up a processing
apparatus, denoted by 100. The processing apparatus 100
illTustrated in FIG 1 is a cutting apparatus for cutting,
i.e., processing, a workpiece, denoted by 200, of a frane
unit, denoted by 210, illustrated in FIG 2. The
wor kpi ece 200 to be processed by the processing apparatus
100 illustrated in FIG 1 is a wafer such as a
sem conductor device wafer or an optical device wafer
shaped as a circular plate which is nade of a base
material such as silicon, sapphire, gallium silicon

carbide (SiC), lithiumtantalate (LT), or l|ithium niobate



(LN). The workpiece 200 includes a plurality of devices
203 fornmed in respective areas on a face side 201 thereof
that are demarcated by a grid of projected dicing lines
202 on the face side 201.

According to the present invention, the workpiece
200 nmay be what is (generally) called a TAIKO (registered
trademark) wafer having a thin central region and a
thicker region on its outer circunferential portion, or a
rect angul ar package substrate, ceram c substrate, ferrite
substrate, a substrate containing at |east one of nickel
and iron, or the like having a plurality of resin-
encapsul ated devices thereon. According to the first
enbodi nent, the workpiece 200 has a reverse side 204
stuck to a tape 205 having an outer circunferential edge
portion on which an annular frame 206 is nounted, so that
the workpiece 200 is supported on the annular franme 206.
The workpi ece 200, the tape 205, and the annular frane
206 jointly nake up the franme unit 210 illustrated in FIG
2. In other words, the frame wunit 210 includes the
wor kpi ece 200 fixedly disposed in an opening 207 of the
annul ar franme 206 by the tape 205.

The processing apparatus 100 illustrated in FIG 1
is an apparatus for holding the workpiece 200 on a chuck

table 1 and cutting, i.e., processing, the workpiece 200
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with a cutting blade 121 along the projected dicing |ines
202. As illustrated in FIG 1, the processing apparatus
100 incorporates an inspection apparatus 10, and incl udes
a pair of cutting units 120 each having a cutting bl ade
121 nmounted on a spindle 122 for cutting the workpiece
200 held on the chuck table 1, a second canera unit 130,
and a control unit 195.

According to the first enbodinent, the inspection
apparatus 10 is disposed in a main apparatus body 101 of
the processing apparatus 100. As illustrated in FIGS. 1
and 3, the inspection apparatus 10 includes the chuck
table 1 as a holding table, a camera unit 11 (only
illustrated in FIG 3), an X-axis noving unit 12 as a
nmoving unit, and a rotating unit 13.

The chuck table 1 has a holding surface 2 for
holding the frame unit 210 thereon. As illustrated in
FIGS. 3, 4, and 5, the chuck table 1 includes a holder 3
made of a transparent material, an annular frame body 4
erected around and surrounding the holder 3, and a
plurality of suction holes 5 defined in the franme body 4.

The holder 3 is made of glass or the like, i.e.
quartz glass in the first enbodinent, and is of a disk
shape with the holding surface 2 as an upper surface for

hol ding the workpiece 200 with the tape 205 interposed
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t herebetween. The holding surface 2 is flat along both X-
axis directions parallel to horizontal directions and Y-
axis directions perpendicular to the X-axis directions
and parallel to horizontal directions. The hol di ng
surface 2 of the holder 3 nade of a transparent material
lies flat in its entirety and is free of suction grooves
for applying a vacuum therethrough to the workpiece 200
to hold the workpi ece 200 under suction on the hol der 3.

The frame body 4 is nade of netal such as stainless
steel. The frame body 4 is of a hollow cylindrical shape
having an inside dianeter equal to an outside dianeter of
the hol der 3. The frame body 4 has an upper surface 6
di sposed above the holding surface 2 and lying flat along
both the X-axis directions and the Y-axis directions. The
inside dianmeter of the frame body 4 is equal to or
smal l er than the inside dianmeter of the annular frame 206.
According to the first enbodi ment, the inside dianeter of
the frame body 4 is smaller than the inside dianmeter of
the annular frame 206. The inside dianeter of the frane
body 4 is larger than an outside dianeter of the
wor kpi ece 200.

The suction holes 5 are open in an inner
circunferential surface 7 of the frane body 4 between the

hol ding surface 2 and the upper surface 6. According to

12



the first enbodi nent the suction holes 5 are
circunferentially spaced apart along the frame body 4. As
illustrated in FIG 5, the suction holes 5 are connected
through an on/off valve 8 to a suction source 9. The
suction source 9 nmay be a vacuum punp, for exanple.

The chuck table 1 is novable along the X-axis
directions by the X-axis noving unit 12 and rotatable
about an axis parallel to Z-axis directions, which are
perpendicular to the X-axis directions and the Y-axis
directions, by the rotating unit 13. When the on/off
valve 8 is opened, the chuck table 1 attracts and hol ds
the workpi ece 200 on the holding surface 2 with the tape
205 interposed therebetween under a vacuum produced by
the suction source 9 and applied through the suction
holes 5 between the tape 205 and the holding surface 2.
According to the first enbodinent, specifically, the
chuck table 1 attracts and holds wunder suction the
reverse side 204 of the workpiece 200 with the tape 205
i nterposed therebetween. Wile an opening 4-1 defined by
the inner circunferential surface 7 of the frame body 4
is being covered by the tape 205 of the franme unit 210, a
vacuum or suction force produced by the suction source 9
acts between the tape 205 and the holding surface 2, i.e.,

air is renoved from between the tape 205 and the hol di ng
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surface 2, bringing the tape 205 and the holding surface
2 into close contact wth each other, and thereby
securing the workpiece 200 of the franme unit 210 to the
hol di ng surface 2.

The camera wunit 11 captures an image of the
wor kpi ece 200 held on the chuck table 1 through the
holding surface 2 from the holding surface 2 side.
According to the first enbodi nent, when the chuck table 1
is nmoved away from a cassette 171, to be described |ater
by the X-axis noving unit 12, the chuck table 1 nopves
over the canera unit 11, which is positioned below the
hol der 3 of the chuck table 1 and faces the workpi ece 200
hel d on the hol ding surface 2 across the holder 3 and the
tape 205 along the Z-axis directions.

The canmera wunit 11 includes an image capturing
element for capturing an image of cut grooves not
illustrated but cut by the cutting units 120 in the
wor kpi ece 200 held on the chuck table 1. The inmage
capturing element may be a charge-coupled device (CCD)
I mage sensor or a conplenmentary netal-oxi de-sem conduct or
(CMOS) image sensor, for exanple. The canera unit 11
captures an image of the cut grooves in the workpiece 200
and outputs the captured image to the control unit 195.

Specifically, the canmera unit 11 captures an inmage of the

14



cut grooves in the workpiece 200 across the chuck table 1.
The canera unit 11 is fixed to a Y-axis noving nmechani sm
21 which noves the canera unit 11 along the Y-axis
di recti ons.

The X-axis noving unit 12 relatively noves the
chuck table 1 and the cutting units 120 in the X-axis
directions parallel to the holding surface 2. According
to the first enbodinent, the X-axis noving unit 12 noves
the chuck table 1 in the X-axis directions. The Y-axis
novi ng nechanism 21 relatively noves the chuck table 1
and the camera unit 11 in the Y-axis directions parallel
to the holding surface 2. As illustrated in FIG 3, the
X-axis nmoving unit 12 includes a known ball screw 14
rotatable about its own central axis, a known stepping
notor 15 for rotating the ball screw 14 about its own
central axis, and a known pair of guide rails 16 on which
the chuck table 1 is novably supported for novenent al ong
the X-axis directions.

The rotating unit 13 rotates the chuck table 1
about its own central axis parallel to the Z-axis
directions that are perpendicular to both the X-axis
directions and the Y-axis directions. The rotating unit
13 rotates the <chuck table 1 in an angular range

exceedi ng 180 degrees but snmaller than 360 degrees. The
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chuck table 1 and the rotating unit 13 are disposed on a
casing 17 (see FIGS. 3 and 5) that is novable in the X-
axis directions by the X-axis noving unit 12. The
rotating unit 13 includes an electric notor 18 fixed to
an outer side surface of the casing 17, a pulley 19
coupled to the output shaft of the electric notor 18, and
a belt 20 trained around the chuck table 1 and novable
about the central axis of chuck table 1 by the pulley 19.
When the electric notor 18 is energized, the pulley 19 is
rotated to cause the belt 20 to rotate the chuck table 1
about its central axis. According to the first enbodi nent,
the rotating unit 13 is able to rotate the chuck table 1
through 220 degrees in both one direction about the
central axis of chuck table 1 and the other direction
that is opposite to the one direction.

As illustrated in FIG 1, the processing apparatus
100 includes at least a Y-axis noving unit 140 for
relatively noving the chuck table 1 and the cutting units
120 in the Y-axis directions and a pair of Z-axis noving
units 150 for relatively noving the chuck table 1 and the
cutting wunits 120 in +the Z-axis directions. As
illustrated in FIG 1, the processing apparatus 100 is a
two-spindle dicer, i.e., what is (generally) called a

facing dual-type ~cutting apparatus, having the two
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cutting units 120.

Each of the cutting units 120 acts as a processing
unit for processing the workpiece 200 held on the chuck
table 1 with the cutting blade 121. The cutting unit 120
Is novable wth respect to the workpiece 200 held on the
chuck table 1 in the Y-axis direction by the Y-axis
noving unit 140 and in the Z-axis direction by the Z-axis
novi ng unit 150.

As illustrated in FIG 1, one of the cutting units
120 is supported on one post 104 of a portal-shaped
annul ar support frame 103 erected on the apparatus body
101 through the Y-axis noving unit 140 and one of the Z-
axis noving units 150. Simlarly, the other cutting unit
120 is supported on another post 105 of the annular
support franme 103 through the Y-axis noving unit 140 and
the other Z-axis noving unit 150. The annul ar support
frame 103 also includes a horizontal beam 106
i nterconnecting respective upper end portions of the
posts 104 and 105.

The cutting units 120 are enabled by the Y-axis
nmoving unit 140 and the Z-axis noving units 150 to
position their cutting blades 121 at any desired
positions over the holding surface 2 of the chuck table 1.

Each of the cutting units 120 includes a spindle housing

17



123 novable in the Y-axis directions and the Z-axis
directions respectively by the Y-axis noving unit 140 and
the Z-axis noving unit 150, and a spindle 122 rotatably
di sposed in the spindle housing 123 and rotatable about
its own central axis by an electric notor, not
illustrated. The cutting blade 121 is nounted on a distal
end portion of the spindle housing 123.

The second canera unit 130 is fixed to one of the
cutting units 120 for novenent in unison therewith. The
second canera wunit 130 includes an inmmge capturing
el enent for capturing an image of areas to be divided
from the workpiece 200 held on the chuck table 1 before
t he workpi ece 200 is cut. The image capturing el enent may
be a CCD i mage sensor or a CMOS i mage sensor, for exanple.
The second canera wunit 130 captures an image of the
wor kpi ece 200 held on the chuck table 1 for use in an
al i gnnent process for positioning the workpiece 200 and
the cutting blades 121 in alignment with each other, and
outputs the captured inage to the control unit 195.

The Y-axis noving unit 140 noves the cutting units
120 in the Y-axis directions as indexing-feed directions,
thereby indexing-feeding the <chuck table 1 and the
cutting units 120 along the Y-axis directions relatively

to each other. The Z-axis nmoving units 150 nove the
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cutting units 120 in the Z-axis directions as cutting-
feed directions, thereby cutting-feeding the chuck table
1 and the cutting units 120 along the Z-axis directions
relatively to each other

Each of the Y-axis noving unit 140 and the Z-axis
noving units 150 includes respective known ball screws
141 and 151 rotatable about their own central axes,
respecti ve known stepping notors 142 and 152 for rotating
the ball screws 141 and 151 about their own central axes,
and respective known pairs of guide rails 143 and 153 on
which the cutting units 120 are novably supported for
novenment in the Y-axis directions and the Z-axis
di recti ons.

The processing apparatus 100 further includes an X-
axis direction position detecting unit, not illustrated,
for detecting the position of the chuck table 1 in the X-
axis directions, a Y-axis direction position detecting
unit, not illustrated, for detecting the positions of the
cutting units 120 in the Y-axis directions, and a Z-axis
direction position detecting unit, not illustrated, for
detecting the positions of the cutting units 120 in the
Z-axis directions. Each of the X-axis direction position
detecting unit and the Y-axis direction position

detecting unit may include a |inear scale parallel to the
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X-axis directions or the Y-axis directions and a reading
head for reading graduations of the linear scale that is
novable in the X-axis directions or the Y-axis directions
by the X-axis noving unit 12 or the Y-axis nobving unit
140. The X-axis direction position detecting unit and the
Y-axi s di rection position det ecting uni t out put
information representing the graduations of the |inear
scale that have been read by the reading heads as
I nformati on representing the position of the chuck table
1 in the X-axis directions or the positions of the
cutting units 120 in the Y-axis directions to the control
unit 195. The Z-axis direction position detecting unit
detects the positions of the cutting units 120 in the Z-
axis directions on the basis of the nunbers of pulses of
the stepping notors 152, and outputs information
representing the detected positions of the cutting units
120 in the Z-axis directions to the control unit 195.

The processing apparatus 100 also includes a
cassette elevator 170 for placing thereon a cassette 171
that houses a plurality of workpieces 200, which are to
be cut and have been cut, at spaced intervals along the
Z-axis directions and vertically noving the cassette 171
in the Z-axis direction, a cleaning unit 180 for cleaning

wor kpi eces 200 which have been cut, and a feed unit, not
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illustrated, for feeding frame wunits 210 between the
cassette 171, the chuck table 1, and the cleaning unit
180. The feed unit feeds the annular frame 206 of the
frame unit 210 to which a workpiece 200 to be cut is
fixed to a position coaxial with the frame body 4.

The control unit 195 is a conputer for controlling
the units, described above, of the processing apparatus
100 and the inspection apparatus 10 to enable the
processing apparatus 100 and the inspection apparatus 10
to performa processing operation on a workpi ece 200. The
control wunit 195 has an arithnetic processing apparatus
having a m croprocessor such as a central processing unit
(CPU), a storage apparatus having a nenory such as a read
only menory (ROM or a random access nenory (RAM, and an
I nput / out put interface apparatus. The arithnmetic
processing apparatus of the control wunit 195 perforns
arithnmetic processing operations according to conputer
prograns stored in the storage apparatus and outputs
control signals for controlling the processing apparatus
100 through the input/output interface apparatus to the
units, referred to above, of the processing apparatus 100
and the inspection apparatus 10.

The control unit 195 is connected to a display unit,

not illustrated, for displaying workpiece processing
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states and inages captured by the canera units 11 and 130,
and an input unit that is used by the operator to enter
processing contents information. The display unit
includes a liquid crystal display apparatus or the |ike.
The input unit includes a touch panel on the display
screen of the display unit or an external input apparatus
such as a keyboard.

A processing operation of the processing apparatus
100 of the above configuration will be described bel ow.
FIG 6 illustrates in cross section the manner in which
the frame body 4 of the chuck table 1 of the processing
apparatus illustrated in FIG 1 and the annular frame 206
of the frane unit 210 are aligned with each other. FIG 7
Illustrates in cross section the manner in which the
annul ar frane 206 of the frame unit 210 is placed on an
upper surface of the frane body 4 of the chuck table 1 of
the processing apparatus illustrated in FIG 6. FIG 8
illustrates in perspective the mnner in which a
wor kpi ece 200 is held under suction on the holding
surface 2 of the chuck table 1 illustrated in FIG 7 with
the tape 205 of the frame unit 210 interposed
t her ebet ween. FIG 9 illustrates in cross section the
chuck table 1 and the workpiece 200 illustrated in FIG 8.

FIG 10 illustrates in cross section the manner in which
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a reverse side of the workpiece 200 illustrated in FIG 9
IS observed with the canera unit 11.

In the processing operation, the operator registers
processing contents information in the control unit 195,
takes frame units 210 to which workpieces 200 to be cut
are fixed into the cassette 171, and places the cassette
171 on an upper surface of the cassette elevator 170.
Thereafter, in response to an instruction from the
oper at or to start the processing operation, t he
processi ng apparatus 100 starts the processing operation.

When the processing apparatus 100 has started the
processing operation, the control unit 195 controls the
feed unit to deliver a workpiece 200 from within the
cassette 171 to the chuck table 1 where the annular frame
206 of the frame unit 210 is positioned coaxially wth
the frame body 4 of the chuck table 1 as illustrated in
FIG 6, after which the annular frane 206 is placed on
the upper surface 6 of the frame body 4 with the tape 205
I nterposed therebetween. At this tinme, the tape 205 is
spaced from the holding surface 2 of the holder 3 and
covers the entire surface of the holding surface 2 and
the opening 4-1 surrounded by the inner circunferential
surface 7 of the frame body 4.

As illustrated in FIG 7, the control wunit 195
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opens the on/off valve 8 to transmt the vacuum or
suction force from the suction source 9 to the suction
hol es 5, discharging air from between the hol ding surface
2 and the tape 205. Then, as illustrated in FIGS. 8 and 9,
the tape 205 is brought into intimte contact with the
hol di ng surface 2, whereupon the reverse side 204 of the
wor kpiece 200 is held wunder suction on the holding
surface 2 with the tape 205 interposed therebetween. The
control unit 195 controls the X-axis noving unit 12 to
nove the chuck table 1 to a position below the second
camera unit 130, which captures an imge of the workpiece
200 on the chuck table 1. The control unit 195 perforns
an alignnent process based on the captured inage,
positioning the workpiece 200 and the cutting blades 121
in alignnent with each other, and then controls the
cutting blades 121 to cut into the workpiece 200 along
the projected dicing lines 202 until the cutting bl ades
121 reach the tape 205 while relatively noving the chuck
table 1 and the cutting blades 121 along the projected
dicing lines 202. The cutting units 120 now cut the
wor kpi ece 200 on the chuck table 1 along the projected
dicing lines 202, formng cut grooves, not illustrated,
in the workpiece 200 along the projected dicing |ines 202.

After the cutting blades 121 have formed the cut
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grooves along all or sone of the projected dicing |ines
202, the control unit 195 controls the X-axis noving unit
12 to nove the chuck table 1 over the canera unit 11 of
the inspection apparatus 10. The canmera unit 11 then
captures an inmage of the workpiece 200 cut by the cutting
units 120 through the holder 3 of the chuck table 1, and
the inspection apparatus 10 inspects the cut grooves on
the basis of the captured inmage. Specifically, the canmera
unit 11 captures an image of the cut grooves fornmed in
the reverse side 204 of the workpiece 200, and the
i nspection apparatus 10 inspects the cut grooves in the
captured inage to check whether or not the cut grooves
are positionally acceptable and whether or not chips
formed on the edges of the cut grooves are acceptable.
According to the first enbodinent, the inspection
apparatus 10 decides that the workpiece 200 is defective
if the transverse centers of the cut grooves are spaced
from the transverse centers of the corresponding
projected dicing lines 202 by a predeterm ned di stance or
nore, and decides that the workpiece 200 is acceptable if
the transverse centers of the cut grooves are spaced from
the transverse centers of the corresponding projected
dicing lines 202 by less than the predeterm ned distance.

According to the first enbodinent, furthernore, the
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i nspection apparatus 10 decides that the workpiece 200 is
defective if the distance that a distal end of a chip is
spaced fromthe correspondi ng edge of the cut groove is a
predeterm ned distance or nore, and decides that the
wor kpi ece 200 is acceptable if the distance is smaller
than the predeterm ned distance. Al ternatively, the
I nspection apparatus 10 may decide whether or not the
wor kpi ece 200 is acceptable by observing the cut groove
in a predetermned position on the reverse side 204 of
t he wor kpi ece 200, or by observing the cut grooves in the
entire reverse side 204 of the workpiece 200. According
to the first enbodinment, as described above, the
i nspection apparatus 10 inspects the cut grooves in the
captured inage to check whether or not the cut grooves
are positionally acceptable and whether or not chips
formed on the edges of the cut grooves are acceptable.
However, objects to be inspected by the inspection
apparatus 10 and nethods by which they are inspected by
the inspection apparatus 10 are not |imted to those
illustrated in the first enbodinment. According to the
first enbodinment, the second canmera wunit 130 also
captures an i mage of the cut grooves in the face side 201
of the workpiece 200, and the captured image is used in

deci di ng whether or not the cut grooves are acceptable.
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After the workpiece 200 has been inspected, the
control unit 195 releases the workpiece 200 from the
chuck table 1, and controls the feed unit to nove the
frame unit 210 with the fixed workpiece 200 from the
chuck table 1 to the cleaning unit 180. The control wunit
195 then controls the cleaning unit 180 to clean the
frame unit 210 with the fixed workpiece 200. Thereafter,
the control unit 195 controls the feed unit again to nove
the frame unit 210 with the fixed workpiece 200 from the
cleaning unit 180 to the cassette 171 where the workpi ece
200 is stored again. The processing apparatus 100
finishes the processing operation when all the workpieces
200 from the cassette 171 have been processed and stored
back in the cassette 171.

The chuck table 1 according to the first enbodi nent
I ncludes the franme body 4 surrounding the holder 3 nade
of a transparent material and having the upper surface 6
positioned upwardly from the holding surface 2 and also
having the suction holes 5 that are open in the inner
circunferential surface 7 of the frane body 4. Wile the
opening 4-1 of the frane body 4 is being covered by the
tape 205 of the frame unit 210, air between the hol ding
surface 2 covered by the tape 205 and the tape 205 is

di scharged from the suction holes 5 to bring the tape 205
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into intinmate contact with the holding surface 2. As a
result, the chuck table 1 is advantageous in that it
nmakes it possible to bring the tape 205 snoothly into
intimte contact with the holding surface 2 and | eaves no
air between the tape 205 and the holding surface 2,
all owi ng the reverse side 204 of the workpiece 200 to be
observed in its entirety. Therefore, the chuck table 1 is
advantageous in that it makes it easy to observe the
wor kpi ece 200 pl aced on the holder 3 though the holder 3
is made of a transparent material.

Mor eover, as the holding surface 2 of the holder 3
made of a transparent material is flat in its entirety
and is free of suction grooves, the holding surface 2
prevents the canera unit 11 from failing to focus on and
hence from observing the reverse side 204 of the
wor kpi ece 200.

The inspection apparatus 10 according to the first
enbodi nent includes the chuck table 1 and the canera unit
11 for capturing an imge of the workpiece 200 held on
the chuck table 1 through the holding surface 2. The
I nspection apparatus 10 is advantageous in that even
t hough the holder 3 of the chuck table 1 is nade of a
transparent material, the holding surface 2 is free of

suction grooves and it is easy for the canera unit 11 to
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observe the workpi ece 200 held on the hol ding surface 2.

Since the inspection apparatus 10 according to the
first enbodinent s incorporated in the processing
apparatus 100 including the cutting wunits 120, it
prevents the reverse side 204 of the workpiece 200 to be
cut by the cutting units 120 from becomng difficult to
be observed.

(Second enbodi nent)

A chuck table and an inspection apparatus according
to a second enbodinment of the present invention wll be
descri bed below with reference to the drawings. FIG 11
illustrates in perspective by way of exanple a processing
apparatus that incorporates an inspection apparatus
including a <chuck table according to the second
enbodinent. In FIG 11, those parts which are identical
to those according to the first enbodi ment are denoted by
i dentical reference characters, and wll not be described
in detail bel ow

As illustrated in FIG 11, an inspection apparatus,
denoted by 10-2, according to the second enbodinent is
housed in an outer casing 30 attached to an outer side
surface of a main apparatus body 101 of a processing
apparatus, denoted by 100-2, and is incorporated in the

processi ng apparatus 100-2. The processi ng apparatus 100-
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2 that incorporates the inspection apparatus 10-2
according to the second enbodi nent includes a chuck table
190 novable in the X-axis directions by the X-axis noving
unit 12 and rotatable about an axis parallel to the Z-
axis directions by a rotary actuator, not illustrated.
The chuck table 190 is of a disk shape and has a hol di ng
surface 191 for holding a workpiece 200 thereon, the
hol di ng surface 191 being made of porous ceram cs or the
l'i ke. The chuck table 190 is different from the chuck
table 1 of the inspection apparatus 10-1. The chuck table
190 is connected to a vacuum source, not illustrated.
Wen the chuck table 190 is evacuated by the vacuum
source, it attracts and holds the reverse side 204 of the
wor kpi ece 200 placed on the holding surface 191 under
suction on the holding surface 191 with the tape 205
I nterposed therebetween. The chuck table 190 is
surrounded by a plurality of clanps 192 for clanping the
annul ar frame 206 in position to keep the workpiece 200
on the hol ding surface 191.

The inspection apparatus 10-2 according to the
second enbodi nent Is structurally simlar to the
i nspection apparatus 10 according to the first enbodi ment
except that it includes a noving unit 40 for relatively

novi ng the chuck table 1 and the canera unit 11 in the Y-
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axis directions, instead of the X-axis noving unit 12.
According to the second enbodinent, the noving unit 40
noves the chuck table 1 in the Y-axis directions.

The noving unit 40 includes a known ball screw 41
rotatable about its own central axis, a known stepping
notor 42 for rotating the ball screw 41 about its own
central axis, and a known pair of guide rails 43 on which
the chuck table 1 and the rotating unit 13 are novably
supported for novenent along the Y-axis directions.

In a processing operation, the processing apparatus
100-2 according to the second enbodinent basically
operates simlarly to the processing apparatus 100
according to the first enbodinent. The control unit 195
controls the feed unit to deliver a workpiece 200 from
within the cassette 171 to the chuck table 1 where the
wor kpi ece 200 fixed to the franme unit 210 is placed on
the holding surface 191 of the chuck table 190. The
wor kpi ece 200 is then held under suction on the holding
surface 191 with the tape 205 interposed therebetween,
and the annular frame 206 is clanped in position by the
clanps 192. After the cutting blades 121 have forned cut
grooves in the workpiece 200 along all the projected
dicing lines 202 in the same manner as with the first

enbodi nent, the workpiece 200 is released from the chuck
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table 190 and the annular frame 206 is released fromthe
cl anmps 192.

The control unit 195 then controls the feed unit to
nove the frame unit 210 with the fixed workpiece 200 from
the chuck table 190 to the cleaning unit 180. The control
unit 195 then controls the cleaning unit 180 to clean the
frame unit 210 with the fixed workpiece 200. Thereafter,
the control unit 195 controls the feed unit again to nove
the frame unit 210 with the fixed workpiece 200 from the
cleaning unit 180 to the inspection apparatus 10-2.

The inspection apparatus 10-2 basically operates
simlarly to the inspection apparatus 10 according to the
first enmbodinent. The reverse side 204 of the workpiece
200 fixed to the annular franme 206 is held under suction
on the holding surface 2 of the chuck table 1 with the
tape 205 interposed therebetween. The control unit 195
controls the noving unit 40 to nove the chuck table 1 to
a position over the canera unit 11. The canmera unit 11
then captures an image of the workpiece 200 cut by the
cutting units 120 through the holder 3 of the chuck table
1, and the inspection apparatus 10-2 inspects the cut
grooves on the basis of the captured inmage. After the
wor kpi ece 200 has been inspected, the workpiece 200 is

rel eased from the chuck table 1. The control wunit 195
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controls the feed unit to nove the frame unit 210 wth
the fixed workpiece 200 from the chuck table 1 to the
cassette 171. The processing apparatus 100 finishes the
processi ng operation when all the workpieces 200 fromthe
cassette 171 have been processed and stored back in the
cassette 171

The chuck table 1 according to the second
enbodi nent includes the frame body 4 surrounding the
hol der 3 made of a transparent material and having the
upper surface 6 positioned upwardly from the holding
surface 2 and also having the suction holes 5 that are
open in the inner circunferential surface 7 of the frane
body 4, as with the chuck table 1 illustrated in FIG 3.
As a result, the chuck table 1 is advantageous in that it
makes it possible to bring the tape 205 snoothly into
intimte contact with the holding surface 2 and | eaves no
air between the tape 205 and the holding surface 2,
allowi ng the reverse side 204 of the workpiece 200 to be
observed in its entirety. Therefore, as with the first
enbodi nent, the chuck table 1 and the inspection
apparatus 10-2 are advantageous in that the chuck table 1
makes it easy to observe the workpiece 200 placed on the
hol der 3 though the holder 3 is nade of a transparent

mat eri al . The chuck table 1 according to the second
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enbodi nrent may be used to decide by way of observation if
the workpiece 200 is free of flaws or not and also if the
devices 203 on the workpiece 200 are free of defects or
not, before the workpiece 200 is processed.

(First nodification)

A chuck table and an inspection apparatus according
to a first nodification of the first and second
enbodi nents of the present invention wll be described
below with reference to the drawings. FIG 12 illustrates
in perspective a franme unit including a workpiece to be
processed by a processing apparatus including a chuck
table and an inspection apparatus according to a first
nodi fication of the first and second enbodi nrents. FIG 13
illustrates in perspective the manner in which the frane
unit illustrated in FIG 12 is held under suction on the
chuck table. In FIGS. 12 and 13, those parts which are
identical to those according to the first and second
enbodi nents are denoted by identical reference characters,
and w || not be described in detail below.

As illustrated in FIG 12, a workpiece 200 to be
processed by a processing apparatus, denoted by 100 or
100-2, including a chuck table, denoted by 1, and an
i nspecti on apparatus, denoted by 10 or 10-2, according to

the first nodification has a reverse side 204 with a
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nmetal film 208 disposed thereon over its entire surface
and a face side 201 with devices 203 fornmed thereon. The
face side 201 of the workpiece 200 is stuck to a tape 205,
maki ng up a frane unit 210.

The processing apparatus 100 or 100-2 including the
chuck table 1 and the inspection apparatus 10 or 10-2
according to the first nodification has a canera unit 11
that captures an inmage of the workpiece 200 on the chuck
table 1 through the holding surface 2 of the holder 3 for
an alignment process for positioning the workpiece 200
and the cutting blades 121 in alignnment with each other.
As with the first and second enbodi nents, the inspection
apparatus 10 or 10-2 according to the first nodification
may inspect the workpiece 200 by capturing an image of
t he wor kpi ece 200 through the holding surface 2 with the
canera unit 11 after the workpiece 200 has been cut to
form cut grooves therein.

The chuck table 1 according to the first
nodi fication includes a frame body 4 surrounding the
hol der 3 nade of a transparent material and having an
upper surface 6 positioned upwardly from the holding
surface 2 and al so having suction holes 5 that are open
in the inner circunferential surface 7 of the frane body

4. As a result, the chuck table 1 is advantageous in that
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it makes it possible to bring the tape 205 snoothly into
intimte contact with the holding surface 2 and | eaves no
air between the tape 205 and the holding surface 2,
allowm ng the reverse side 204 of the workpiece 200 to be
observed in its entirety. Therefore, in the sanme nanner
as with the first and second enbodi nents, the chuck table
1 and the inspection apparatus 10 or 10-2 are
advant ageous in that the chuck table 1 nakes it easy to
observe the workpiece 200 placed on the holder 3 though
the holder 3 is made of a transparent material.

(Second nodi fication)

A chuck table and an inspection apparatus according
to a second nodification of the first and second
enbodi nents of the present invention will be described
below with reference to the drawings. FIG 14 illustrates
In perspective by way of exanple a processing apparatus
that incorporates an inspection apparatus according to a
second nodification of the first and second enbodi nents.
In FIG 14, those parts which are identical to those
according to the first and second enbodi ments are denoted
by identical reference characters, and wll not be
described in detail bel ow.

As illustrated in FIG 14, a processing apparatus,

denoted by 100-3, that incorporates a chuck table,
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denoted by 1, and an inspection apparatus, denoted by 10-
3, according to the second nodification is a |aser
processi ng apparatus including a |aser beam applying unit
120-3 as a processing unit for processing the workpiece
200 with a laser beam 121-3. In the exanple illustrated
in FIG 14, the inspection apparatus 10-3 includes a Y-
axis noving unit 140-3 as a noving unit. The Y-axis
noving unit 140-3 relatively noves the chuck table 1, the
I nspection apparatus 10-3, and the canera unit 11 in the
Y-axis directions. The Y-axis noving unit 140-3 includes
a known ball screw 141-3 rotatable about its own centra
axis, a known stepping notor 142-3 for rotating the bal
screw 141-3 about its own central axis, and a known pair
of guide rails 143-3 on which the chuck table 1 and the
rotating unit 13 that are disposed on the casing 17 are
novably  supported for nmovenent along the Y-axis
di recti ons.

In the exanple illustrated in FIG 14, furthernore,
the inspection apparatus 10-3 is supported on a nain
apparatus body 101-3 by the X-axis noving unit 12 and the
Y-axis noving unit 140-3. However, as with the second
enbodi nent, the chuck table 190 may be nounted on the
mai n apparatus body 101-3 by the X-axis noving unit 12

and the Y-axis noving unit 140-3, and the inspection
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apparatus 10-3 nmay be housed in an outer casing attached
to an outer side surface of the main apparatus body 101-3
and nmay be incorporated in the processing apparatus 100-3.
The processing apparatus 100-3 illustrated in FIG 14
i ncludes a laser beam applying unit 120-3 and a second
canmera unit 130 that are nmounted on the distal end of a
hori zontal nenber 108 whose proximal end is supported on
a post 107 erected fromthe main apparatus body 101-3.

The chuck table 1 according to the second
nodi fication includes a frane body 4 surrounding the
hol der 3 nmde of a transparent nmaterial and having an
upper surface 6 positioned upwardly from the holding
surface 2 and al so having suction holes 5 that are open
in the inner circunferential surface 7 of the frane body
4. As a result, the chuck table 1 is advantageous in that
it makes it possible to bring the tape 205 snmoothly into
intimte contact with the holding surface 2 and | eaves no
air between the tape 205 and the holding surface 2,
allowm ng the reverse side 204 of the workpiece 200 to be
observed in its entirety. Therefore, in the same manner
as with the first and second enbodi nents, the chuck table
1 and the inspection apparatus 10-3 are advantageous in
that the chuck table 1 makes it easy to observe the

wor kpi ece 200 placed on the holder 3 though the holder 3
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is made of a transparent material.

The present invention is not limted to the details
of the above described preferred enbodinments. The scope
of the invention is defined by the appended clains and
al | changes and nodifications as fall wthin the
equi val ence of the scope of the clains are therefore to

be enbraced by the invention.
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WHAT IS CLAIMED | S

1. A chuck table for holding a franme wunit
i ncluding a workpiece securely placed in an opening of an
annul ar frame by a tape, conprising:

a holder having a holding surface for holding the
wor kpi ece thereon with the tape interposed therebetween,
t he hol der being nade of a transparent material; and

a frame body erected around the holder and
surroundi ng the holder, the frame body having a plurality
of suction holes defined therein that are open in an
i nner circunferential surface of the frane body, wherein

the frame body has an inside dianeter equal to or
smal l er than an inside dianeter of the annular frane, and,

whil e an opening of the frame body is being covered
by the tape of the frane wunit, a suction force is
transmtted through the suction holes into the frane body,
di scharging air from between the tape and the holding
surface to bring the tape into intimate contact with the
hol ding surface thereby securing the workpiece of the
frame unit to the hol ding surface.

2. The chuck table according to claim1, wherein

the holding surface of the holder is flat in its
entirety and is free of suction grooves.

3. An inspection apparatus for inspecting a
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wor kpi ece, conpri sing:

a chuck table for holding, on a holding surface, a
frame unit including a workpiece securely placed in an
openi ng of an annul ar frane by a tape;

a canera wunit for <capturing an image of the
wor kpi ece held on the chuck table through the holding
surface froma hol ding surface side; and

a noving unit for relatively noving the chuck table
and the canmera unit in X-axis directions parallel to the
hol di ng surface or Y-axis directions perpendicular to the
X-axis directions, wherein

the chuck table includes:

a holder having the holding surface for
hol di ng the workpiece wth the tape i nt er posed
t herebetween, the holder being nmade of a transparent
material, and

a frane body erected around the holder and
surroundi ng the holder, the franme body having a plurality
of suction holes defined therein that are open in an
i nner circunferential surface of the frane body,

the frame body has an inside dianeter equal to or
smal l er than an inside dianeter of the annular frane, and,

whi |l e an opening of the frame body is being covered

by the tape of the frame unit, a suction force is
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transmtted through the suction holes into the frane body,
di scharging air from between the tape and the holding
surface to bring the tape into intimte contact with the
hol ding surface thereby securing the workpiece of the
frame unit to the holding surface.

4. The inspection apparatus according to claim 3,
wher ei n

the inspection apparatus is incorporated in a
processing apparatus including a processing unit for
processing the workpiece with a cutting blade or a |aser
beam and

the processing unit processes the workpiece held
on the ~chuck table and inspects the workpiece by
capturing an image of the workpiece processed by the

processing unit through the chuck table.
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