CHUCK TABLE AND METHOD OF MANUFACTURING

SUCTION PLATE OF POROUS CERAMICS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a chuck table for
holding a flat surface of a workpiece under suction, and
a method of manufacturing a suction plate of porous
ceramics that serves as part of such a chuck table.

Description of the Related Art

It has been customary to grind the reverse side of
a wafer, which has a plurality of devices such as
integrated circuits (ICs), large scale integration (LSI)
circuits, or the 1like formed on a face side thereof and
demarcated by projected dicing 1lines, with a grinding
apparatus until the wafer 1s ground to a predetermined
thickness, form division starting points 1in the wafer
with a laser processing apparatus, and apply external
forces to the wafer to divide the wafer into individual
device chips, which will be used in electric appliances
such as mobile phones, personal computers, etc.

The laser processing apparatus generally includes
an air-permeable chuck table for holding a wafer thereon,

laser beam applying means for irradiating the wafer held



on an attractive suction surface of the chuck table with
a laser beam having a wavelength with which the wafer is
permeable, X-axis moving means for moving the chuck table
and the laser beam applying means relatively to each
other in X-axis directions, and Y-axis moving means for
moving the chuck table and the laser beam applying means
relatively to each other in Y-axis directions. The laser
processing apparatus is capable of forming modified
layers that provide division starting points in the wafer
along the projected dicing 1lines (see, for example,

Japanese Patent No. 3408805).

SUMMARY OF THE INVENTION

The conventional laser processing apparatus is
arranged on the premise that the attractive suction
surface of the chuck table for holding a wafer as a
workpiece thereon has a size set to match the shape and
size of the wafer and is covered in its entirety with the
wafer. Therefore, the porosity of a suction plate of
porous ceramics that serves as part of the chuck table
and the size of open pores in the suction plate are set
such that the load imposed on a suction source connected
to the chuck table when there is nothing placed on the

attractive suction surface is as small as possible. The



pressure in the internal space of the chuck table is set
to approximately 0.9 atm, for example.

When a wafer smaller than the attractive suction
surface 1is placed thereon and the suction source 1is
actuated in an attempt to hold the wafer under suction on
the attractive suction surface, a large amount of ambient
air 1is drawn into the chuck table through the exposed
outer circumferential portion of the attractive suction
surface that is not covered with the wafer, making it
hard to hold the wafer under suction on the attractive
suction surface. Heretofore, therefore, each time a wafer
having a different size 1s to be processed, the chuck
table that has been used thus far needs to be replaced
with another chuck table having a diameter corresponding
to the different size of the wafer. The process of
replacing the chuck table tends to lead to ©poor
productivity. Another problem is that since it 1is
necessary to keep a plurality of chuck tables having
different diameters in stock in order to deal with wafers
having different sizes and/or shapes, inventory control
is rather burdensome.

These problems occur not only with laser processing
apparatus for processing wafers, but also with inspection

apparatus for inspecting whether devices on a wafer held



on the attractive suction surface of a chuck table are
acceptable or not.

It is therefore an object of the present invention
to provide a chuck table that 1is capable of holding
workpieces well even 1f the workpieces have different
sizes and/or shapes, and a method of manufacturing a
suction plate of porous ceramics.

In accordance with an aspect of the present
invention, there is provided a chuck table for holding a
plate-shaped workpiece under suction, including a suction
plate made of porous ceramics and having a plurality of
open pores, and a frame covering a side surface and a
reverse side, except an attractive suction surface, of
the suction plate and having a plurality of suction
grooves defined in an upper surface thereof and a fluid
communication passage defined therein that holds the
suction grooves 1in fluid communication with a suction
source, the frame supporting the suction plate thereon.
The suction plate has a porosity in the range from 60% to
70% by volume, and the open pores have diameters in the
range from 10 to 25 pm.

In accordance with another aspect of the present
invention, there is provided a chuck table for holding a

plate-shaped workpiece under suction, including a suction



plate made of porous ceramics and having a plurality of
open pores, and a frame having a plurality of suction
grooves defined 1n a surface thereof and a fluid
communication passage defined therein that holds the
suction grooves in fluid communication with a suction
source, the frame covering a side surface and a reverse
side, except an attractive suction surface, of the
suction plate, and the frame supporting the suction plate
thereon. The porosity of the suction plate and the
diameters of open pores of the suction plate are set such
that when a wvacuum pump as the suction source connected
to the fluid communication passage through a suction
channel is actuated with nothing placed on the attractive
suction surface of the suction plate, a pressure gage
connected to the suction channel indicates a pressure
value in the range from 0.3 to 0.6 atm.

In accordance with a further aspect of the present
invention, there is provided a method of manufacturing a
suction plate of porous ceramics, including the steps of
producing granules having diameters equal to or smaller
than 200 pm by mixing feldspar, pottery stone, clay, and
talc, crushing the mixture with a ball mill, and mixing
the crushed mixture with a sizing agent, forming a plate-

shaped product by pressing the granules, and sintering



the formed product at a temperature ranging from 800°C to
1300°C to produce a suction plate of porous ceramics.

In accordance with a still further aspect of the
present invention, there 1is provided a suction holding
system for holding a plate-shaped workpiece under suction,
including a suction plate made of porous ceramics and
having a plurality of open pores, a frame having a
plurality of suction grooves defined in a surface thereof
and a fluid communication passage defined therein which
has an end held in fluid communication with the suction
grooves, the frame covering a side surface and a reverse
side, except an attractive suction surface, of the
suction plate, and the frame supporting the suction plate
thereon, and a suction source connected to another end of
the fluid communication passage. The porosity of the
suction plate, the diameters of open pores of the suction
plate, and the pressure of the pressure source are set
such that when the suction source 1is actuated with
nothing placed on the attractive suction surface of the
suction plate, the pressure in the fluid communication
passage keeps the plate-shaped workpiece held under
suction on the attractive suction surface even 1f the
area of the plate-shaped workpiece on the attractive

suction surface is smaller than the area of the



attractive suction surface.

The chuck table according to the present invention
includes the suction plate made of porous ceramics and
having the open pores, the frame covering the side
surface and the reverse side, except the attractive
suction surface, of the suction plate, and the fluid
communication passage defined in the frame and held in
fluid communication with the suction source. The open
pores defined in the suction plate are capable of holding
a flat surface of the workpiece under suction even if the
area of the flat surface of the workpiece to be held
under suction is smaller than the area of the attractive
suction surface. Therefore, even if a planar workpiece
such as a wafer to be held under suction has a different
diameter and/or shape, the chuck table does not need to
be replaced with a different chuck table, but is able to
hold the workpiece under suction, allowing the workpiece
to be processed or inspected efficiently while securely
held in place. Since it 1is not necessary to keep a
plurality of chuck tables having different diameters in
stock in order to deal with workpieces having different
sizes and/or shapes, no burdensome inventory control is
required for the chuck table.

The above and other objects, features and



advantages of the present invention and the manner of
realizing them will become more apparent, and the
invention itself will best be understood from a study of
the following description and appended <claims with
reference to the attached drawings depicting some

preferred embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a laser processing
apparatus which incorporates therein a chuck table
according to the present invention;

FIGS. 2A, 2B, and 2C are enlarged perspective views
of a chuck table incorporated in the laser processing
apparatus depicted in FIG. 1 and a support Dbase that
supports the chuck table;

FIG. 3 1s a cross—-sectional view illustrating a
suction holding system; and

FIGS. 4A and 4B are perspective views depicting

examples in which the chuck table is used.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
A chuck table, a method of manufacturing a suction
plate of porous ceramics that serves as part of a chuck

table, and a suction holding system according to an



embodiment of the present invention will be described in
detail below with reference to the accompanying drawings.
FIG. 1 depicts in perspective a laser processing
apparatus 40 as an example of apparatus which
incorporates a chuck table according to the present
invention.

As depicted in FIG. 1, the 1laser processing
apparatus 40 includes a Dbase 41, holding means 42 for
holding a workpiece such as a wafer having a given size
with a protective tape not shown, moving means 43 for
moving the holding means 42, a laser Dbeam applying
mechanism 44 for applying a laser beam to a workpiece
held by the holding means 2, and imaging means 50.

The holding means 42 has a rectangular X-axis
direction movable plate 60 movably mounted on the base 41
for movement in an X direction indicated by the arrow X,
a rectangular Y-axis direction movable plate 61 movably
mounted on the X-axis direction movable plate 60 for
movement in a Y direction indicated by the arrow Y, a
hollow cylindrical support post 62 fixedly mounted on the
upper surface of the Y-axis direction movable plate 61,
and a rectangular cover plate 63 fixed to the upper end
of the support post 62. On the cover plate 63, there is

disposed a chuck table 64 for holding thereon a circular



workpiece, the chuck table 64 extending upwardly through
an oblong hole defined in the cover plate 63. The chuck
table 64 is disposed on a support base 67 that supports
the chuck table 64. The chuck table 64 has an attractive
suction surface as an upper surface thereof which 1is
provided by a suction plate 641 that is held in fluid
communication with a suction source, to be described
later, through a fluid channel extending through the
support post 62. The X direction indicated by the arrow X
in FIG. 1 and the Y direction indicated by the arrow Y in
FIG. 1 are perpendicular to each other.

The moving means 43 1includes X-axis direction
moving means 80 and Y-axis direction moving means 82. The
X-axis direction moving means 80 converts rotary motion
from a motor into linear motion and transmits the linear
motion to the X-axis direction movable plate 60, moving
the X-axis direction movable plate 60 selectively in the
X direction or the opposite direction thereto along guide
rails on the base 41. The Y-axis direction moving means
82 converts rotary motion from a motor into linear motion
and transmits the linear motion to the Y-axis direction
movable plate 61, moving the Y-axis direction movable
plate 61 selectively in the Y direction or the opposite

direction thereto along guide rails on the X-axis
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direction movable plate 60. Position detecting means, not
depicted, are disposed on the X-axis direction moving
means 80 and the Y-axis direction moving means 82, for
accurately detecting respective positions in the X and Y
directions of the chuck table 64. The position detecting
means output signals indicating the detected positions to
control means, not depicted, which sends control signals
to the X-axis direction moving means 80 and the Y-axis
direction moving means 82 to move the chuck table 64
accurately to desired positions in the X and Y directions.
The imaging means 50 1s positioned above the holding
means 42, and captures an image of a workpiece such as a
wafer placed on the chuck table 64 by moving the chuck
table 64.

A wafer transported to and held on the chuck table
64 can be processed by a laser beam with use of the above
mentioned laser processing apparatus 40. Specifically, a
wafer, not depicted, held on the suction plate 641 of the
chuck table 64 has alignment marks representing the
directions of projected dicing lines on the wafer, along
which the wafer is to be processed by the laser beam from
the laser beam applying mechanism 44. The imaging means
50 captures an image of alignment marks, and the control

means performs an image processing process such as

11



pattern matching on the captured image, then carries out
an alignment process to adjust the relative position and
direction of the wafer with respect to a beam condenser
of the laser beam applying mechanism 44, and performs a
laser ©processing on the wafer. During the laser
processing on the wafer, regions adjacent to the cover
plate 63 in the X-axis direction are covered with bellows
means, not depicted, that is expandable and contractible
as the chuck table 64 is moved, so that dust and dirt
will not enter the regions of the moving means 43. As the
bellows means has no direct Dbearing on the present
invention, it will not be described in detail below.

As depicted in FIGS. 2A through 2C at an enlarged
scale, the chuck table 64 includes the suction plate 641,
which 1is made of porous ceramics as an air-permeable
porous material, and a frame 642 (see FIG. 2A) of
ceramics covering the side surface and the reverse side,
except the attractive suction surface, of the suction
plate 641. The chuck table 64 1is mounted on the upper
surface of the support base 67, which is made of
stainless steel (SUS), with a clearance left therebetween
(see FIG. 2B), integrally combined with the support base
67 (see FIG. 2C), and incorporated in the laser

processing apparatus 40. As depicted in FIG. 2A, the

12



frame 642 that surrounds the suction plate 641 has an
outer rim 642a on its upper surface which covers the side
surface of the suction plate 641. When the suction plate
641 is held on the frame 642, the upper surface of the
outer rim 642a and the upper surface of the suction plate
641 lie flush with each other. The upper surface of the
frame 642 that supports the reverse surface of the
suction plate 641 thereon has defined therein a plurality
of concentric suction grooves 642b and a plurality of

joint suction grooves 642c that interconnect the

concentric suction grooves 642b and is radially
expandable and contractible. The frame 642 also has a
central fluid communication passage 642d defined

therethrough that is held in fluid communication with a
suction source P (see FIG. 3) for supplying a negative
pressure therethrough to a space defined between the
suction plate 641 and the frame 642. The frame 642 has a
circular boss 642e (see FIG. 3) disposed centrally on its
lower surface. The frame 642 may be made of stainless
steel (SUS), for example, rather than ceramics.

The support base 67 has a circular recess 67a
defined centrally in its upper surface for receiving the
circular boss 642e, which projects downwardly in the

lower surface of the chuck table 64, to be fitted therein.
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The support Dbase 67 also has a fluid communication
passage 67b defined centrally therein through the bottom
of the circular recess 67a for supplying the negative
pressure therethrough and also through the fluid
communication passage 642d to the space defined between
the suction plate 641 and the frame 642 for attracting a
workpiece under suction to the suction plate 641. The
bottom of the circular recess 67a also has a suction hole
67c defined therethrough for attracting under suction the
bottom surface of the circular boss 642e fitted in the
circular recess 67a thereby to secure the chuck table 64
under suction on the support base 67. As depicted in FIG.
3, the fluid communication passage 67b and the suction
hole 67c are connected to the suction source P, which
includes a vacuum pump, through auxiliary suction
channels La and Lb branched from a suction channel 1L,
thus providing a suction holding system. In the
illustrated embodiment, a pressure gage S is connected to
the suction channel 1L for measuring the pressure in a
section that includes the fluid communication passage 67D,
the suction channel L, and the auxiliary suction channels
La and Lb.

The chuck table 64 thus constructed serves to hold

a disk-shaped semiconductor wafer, for example, as a
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workpiece under suction on the suction plate 641 with a
negative pressure from the suction source P. While
holding the workpiece under suction on the suction plate
641, the chuck table 64 is rotated about its own axis by
a pulse motor, not depicted, housed 1in the hollow
cylindrical support post 62. The suction holding system,
which includes at least the chuck table 64, the support
base 67, and the suction source P, will be described
below with reference to FIG. 3.

The suction plate 641 of the chuck table 64 can be
manufactured by a manufacturing method including a
granule producing step for producing granules having
diameters equal to or smaller than 200 um by mixing
feldspar, pottery stone, clay, and talc, crushing the
mixture with a ball mill, and mixing the crushed mixture
with a sizing agent such as methyl cellulose or the like,
a forming step for forming a plate-shaped product by
pressing the granules, and a sintering step for sintering
the formed product at a temperature ranging from 800°C to
1300°C to produce a suction plate of porous ceramics.

The porous ceramics of the suction plate 641 thus
manufactured by the above manufacturing method has a
porosity in the range from 60% to 70% by volume, and the

open pores 1in the porous ceramics have diameters 1in the
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range from 10 to 25 pm. Adjustments are made such that
when the suction source P connected to the chuck table 64
is actuated with nothing placed on the attractive suction
surface of the suction plate 641, the pressure gage S
connected to the suction channel L indicates a pressure
value smaller than 0.9 atm with the conventional laser
processing apparatus, preferably in the range from 0.3 to
0.6 atm.

According to the present invention as described
above, not only a semiconductor wafer having the same
shape and size as the suction plate 641, but also a wafer
Wl (see FIG. 4A) smaller than the suction plate 641 or a
wafer W2 (see FIG. 4B) that is rectangular in shape, can
be well held under suction on the chuck table 64, i.e.,
the suction plate 641 while the wafer 1is being processed
by the laser processing apparatus 40.

As depicted in FIGS. 4A and 4B, ambient air tends
to be drawn into the chuck table 64 through an exposed
region in the suction plate 641 where the wafer Wl or W2
is not present. However, since the porosity and the
diameters of the open pores of the suction plate 641
according to the above embodiment are set to values
smaller than those of the conventional suction plate, the

negative pressure 1in the chuck table 64 1is kept larger
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than the negative pressure 1in the conventional chuck
table, enabling the suction plate 641 to hold the wafer
Wl or W2 under suction thereon.

The present invention is not limited to the details
of the above described preferred embodiment. The scope of
the invention is defined by the appended claims and all
changes and modifications as fall within the eqguivalence
of the scope o0of the claims are therefore to be embraced

by the invention.
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WHAT IS CLAIMED IS:

A chuck table for holding a plate-shaped workpiece under

suction, comprising:

a suction plate made of porous ceramics and having a plurality

of open pores;

a frame covering a side surface and a reverse side, except an
attractive suction surface, of said suction plate and having a
plurality of suction grooves defined in an upper surface thereof
and a fluid communication passage defined therein that holds said
suction grooves in fluid communication with a suction source, said

frame supporting said suction plate thereon; and

a support base configured and arranged for supporting said
frame, wherein said support base includes a circular recess

therein; and

wherein said frame includes a circular boss projecting from

a lower surface thereof,

wherein said circular recess of said support base 1is
configured and arranged for receiving said circular boss of said

frame therein, and

wherein said suction plate has a porosity in the range from
60% to 70% by volume, and said open pores have diameters in the

range from 10 to 25 um.

The chuck table according to claim 1, wherein said plurality

of suction grooves includes a plurality of concentric suction
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grooves and a plurality of joint suction grooves that interconnect

said plurality of concentric suction grooves.

The chuck table according to claim 2, wherein said plurality

of joint suction grooves extend in the radial direction.

The chuck table according to claim 1, further comprising a
suction hole defined within said support base, wherein said suction
hole is configured and arranged for attracting, under suction, a
bottom surface of said circular boss to thereby secure said frame

and said support base together under suction.

A chuck table for holding a plate-shaped workpiece under

suction, comprising:

a suction plate made of porous ceramics and having a plurality

of open pores; and

a frame having a plurality of suction grooves defined in a
surface thereof and a fluid communication passage defined therein
that holds said suction grooves in fluid communication with a
suction source, said frame covering a side surface and a reverse
side, except an attractive suction surface, of said suction plate,
and said frame supporting said suction plate thereon, wherein said
plurality of suction grooves includes a plurality of concentric
suction grooves and a plurality of joint suction grooves that

interconnect said plurality of concentric suction grooves; and
a support base configured and arranged for supporting said

frame, wherein said support base includes a circular recess

therein; and
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wherein said frame includes a circular boss projecting from

a lower surface thereof,

wherein said circular recess of said support Dbase 1is
configured and arranged for receiving said circular boss of said

frame therein,

wherein the porosity of said suction plate and the diameters
of open pores of said suction plate are set such that when a vacuum
pump as said suction source connected to said fluid communication
passage through a suction channel is actuated with nothing placed
on the attractive suction surface of said suction plate, a pressure
gage connected to said suction channel indicates a pressure value
in the range from 0.3 to 0.6 atm, and

wherein said suction plate has a porosity in the range from
60% to 70% by volume, and said open pores have diameters in the

range from 10 to 25 um.

The chuck table according to claim 5, wherein said plurality

of joint suction grooves extend in the radial direction.

The chuck table according to claim 5, further comprising a
suction hole defined within said support base, wherein said suction
hole is configured and arranged for attracting, under suction, a
bottom surface of said circular boss to thereby secure said frame

and said support base together under suction.

A method of manufacturing a suction plate of porous ceramics,

comprising:

a granule producing step for producing granules having

diameters equal to or smaller than 200 um by mixing feldspar,
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pottery stone, clay, and talc, crushing the mixture with a ball

mill, and mixing the crushed mixture with a sizing agent;

a forming step for forming a plate-shaped product by pressing

the granules; and

a sintering step for sintering the formed product at a
temperature ranging from 800° C. to 1300° C. to produce a suction

plate of porous ceramics.

9. The method for manufacturing a suction plate according
to claim 8, wherein said suction plate formed by said method has
a porosity in the range from 60% to 70% by volume, and said open

pores have diameters in the range from 10 to 25 um.

10. A suction holding system for holding a plate-shaped workpiece

under suction, comprising:

a suction plate made of porous ceramics and having a plurality

of open pores;

a frame having a plurality of suction grooves defined in a
surface thereof and a single fluid communication passage defined
therein which has an end held in fluid communication with all of
said suction grooves, said frame covering a side surface and a
reverse side, except an attractive suction surface, of said suction

plate, and said frame supporting said suction plate thereon;

a suction source connected to another end of said single fluid

communication passage; and
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11.

12.

a support base configured and arranged for supporting said
frame, wherein said support base 1includes a circular recess

therein; and

wherein said frame includes a circular boss projecting from

a lower surface thereof,

wherein said circular recess of said support Dbase 1is
configured and arranged for receiving said circular boss of said

frame therein,

wherein the porosity of said suction plate, the diameters of
open pores of said suction plate, and the pressure of said pressure
source are set such that when said suction source is actuated with
nothing placed on the attractive suction surface of said suction
plate, the pressure from said single fluid communication passage
keeps the plate-shaped workpiece held under suction on said
attractive suction surface even if the area of said plate-shaped
workpiece on said attractive suction surface is smaller than the
area of said attractive suction surface, and

wherein said suction plate has a porosity in the range from
60% to 70% by volume, and said open pores have diameters in the

range from 10 to 25 um.

The suction holding system according to claim 10, further
comprising a suction hole defined within said support base, wherein
said suction hole is configured and arranged for attracting, under
suction, a bottom surface of said circular boss to thereby secure

said frame and said support base together under suction.

The suction holding system according to claim 10, wherein

said plurality of suction grooves includes a plurality of
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concentric suction grooves and a plurality of joint suction grooves

that interconnect said plurality of concentric suction grooves.
13. The suction holding system according to claim 12, wherein

said plurality of joint suction grooves extend in the radial

direction.
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