CARRIER PLATE REMOVING METHOD

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a carrier plate
removing method for removing a carrier plate from a
workpiece previously provided through a temporary bonding
layer on the front side of the carrier plate.

Description of the Related Art

In electronic equipment typified by a mobile phone
and a personal computer, a device chip including a device
such as an electronic circuit is an essential component.
For example, the device chip is obtained by setting a
plurality of division lines (streets) on a front side of
a wafer formed of a semiconductor such as silicon to
thereby partition the front side of the wafer into a
plurality of separate regions, next forming a device in
each separate region, and next dividing the wafer along
each division line.

The device chip obtained by the above method is
fixed to a mother substrate for chip size package (CSP),
and then electrically connected to terminals or the like
on the mother substrate by any bonding method such as

wire bonding. Thereafter, the device chip on the mother



substrate is sealed with a mold resin. In this manner,
the device chip is sealed with the mold resin to form a
package device, so that the device chip can be protected
from any external factors such as shock, light, heat, and
water.

In recent years, a packaging technique called a
fan-out wafer level packaging (FOWLP) has started being
adopted, in which package terminals are formed outside
the area of the device chip by using a wafer level
redistribution technique (see Japanese Patent Laid-Open
2016-201519, for example). Further, another packaging
technique called a fan-out panel level packaging (FOPLP)
has also been proposed, in which package devices are
collectively manufactured with the level of a panel
larger in size than a wafer (typically, with the level of
a glass substrate for use in the manufacture of a liquid
crystal panel).

In FOPLP, a redistribution layer (RDL) is formed
through a temporary bonding layer on the front side of a
carrier plate as a temporary substrate, and device chips
are then bonded to this redistribution layer. Thereafter,
these device chips are sealed with a mold resin to obtain
a package panel. Thereafter, the package panel is thinned

by any method such as grinding, and next divided into



package devices.

SUMMARY OF THE INVENTION

In the FOPLP mentioned above, the package panel is
divided into the package devices, and the carrier plate
is next removed from the package devices. More
specifically, each package device is picked up from the
carrier plate. However, when each package device is small
in size, it is difficult to pick up each package device
from the carrier plate.

As another method, the carrier plate may be peeled
from the package panel before dividing the package panel
into the package devices. However, since the temporary
bonding layer has strong adhesion to some extent, it is
difficult to peel the carrier plate from the package
panel without causing damage to the package panel and the
carrier plate.

It is therefore an object of the present invention
to provide a carrier plate removing method which can
easily remove the carrier plate from a workpiece such as
a package panel.

In accordance with an aspect of the present
invention, there is provided a carrier plate removing

method for removing a carrier plate from a workpiece, the



carrier plate having a front side and a back side
opposite to the front side, the workpiece being
previously provided through a temporary bonding layer on
the front side of the carrier plate, the carrier plate
removing method including a shoulder portion forming step
of processing a peripheral portion of the carrier plate
along a peripheral edge thereof from the front side of
the carrier plate on which the workpiece is provided,
thereby forming a shoulder portion as a lower part
connected to the back side of the carrier plate, the
lower part projecting horizontally outward from the side
surface of an upper part connected to the front side of
the carrier plate; a holding step of holding the
workpiece by using a holding unit from the upper side of
the workpiece in the condition where the workpiece 1is
positioned above the carrier plate, after performing the
shoulder portion forming step; and a carrier plate
removing step of applying a downward force from a push
member to the shoulder portion after performing the
holding step, thereby moving the carrier plate away from
the workpiece to thereby remove the carrier plate from
the workpiece.

Preferably, the carrier plate removing step

includes the step of spraying a fluid to the boundary



between the carrier plate and the workpiece, the downward
force being applied from the push member to the shoulder
portion after spraying the fluid or as spraying the fluid,
thereby removing the carrier plate from the workpiece.

Preferably, the carrier plate removing step
includes the step of immersing the workpiece and the
carrier plate in a ligquid, the downward force being
applied from the push member to the shoulder portion in
the condition where the workpiece and the carrier plate
are immersed in the liquid. More preferably, the ligquid
contains a surface active agent.

Preferably, the carrier plate removing step
includes the step of applying vibration to the push
member in the condition where the workpiece and the
carrier plate are immersed in the liquid, the downward
force being applied from the push member to the shoulder
portion as applying the vibration to the push member.

Preferably, the carrier plate removing step
includes the step of applying vibration to the liquid in
the condition where the workpiece and the carrier plate
are immersed in the liquid, the downward force being
applied from the push member to the shoulder portion as
applying the vibration to the liquid.

As described above, the carrier plate removing



method of the present invention includes the shoulder
portion forming step of processing the peripheral portion
of the carrier plate along the peripheral edge thereof
from the front side of the carrier plate on which the
workpiece is provided, thereby forming the shoulder
portion as a lower part connected to the back side of the
carrier plate, the lower part projecting horizontally
outward from the side surface of an upper part connected
to the front side of the carrier plate. Accordingly, by
applying a downward force to the shoulder portion in the
condition where the workpiece is held by the holding unit
from the upper side of the workpiece, the carrier plate
can be easily removed from the workpiece. Further, since
gravity acts on the carrier plate in addition to the
downward force applied to the shoulder portion, the
carrier plate can be removed from the workpiece even when
the downward force to be applied to the shoulder portion
is small.

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 showing a preferred



embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a sectional view depicting a
configuration of a composite substrate including a
carrier plate and a workpiece;

FIG. 1B is a sectional view depicting a condition
that the carrier plate of the composite substrate is held
on a chuck table in a shoulder portion forming step of a
carrier plate removing method according to a preferred
embodiment of the present invention;

FIG. 2A is a sectional view depicting a condition
that a shoulder portion is being formed on the carrier
plate in the shoulder portion forming step;

FIG. 2B is a sectional view depicting a condition
that the shoulder portion has been formed in the whole of
the peripheral portion of the carrier plate;

FIG. 3A is a sectional view depicting a holding
step of the carrier plate removing method according to
this preferred embodiment;

FIG. 3B is a sectional view depicting a carrier
plate removing step of the carrier plate removing method
according to this preferred embodiment;

FIG. 3C is a sectional view depicting a condition



that the carrier plate has been removed from the
workpiece;
FIG. 4A is a sectional view depicting a first
modification of the carrier plate removing step; and
FIG. 4B is a sectional view depicting a second

modification of the carrier plate removing step.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment of the present invention
will now be described with reference to the attached
drawings. The carrier plate removing method according to
this preferred embodiment is used in removing a carrier
plate from a workpiece previously provided through a
temporary bonding layer on the front side of the carrier
plate. The carrier plate removing method includes a
shoulder portion forming step (see FIGS. 1B, 2A, and 2B),
a holding step (see FIG. 3A7A), and a carrier plate
removing step (see FIGS. 3B and 3C).

In the shoulder portion forming step, a cutting
blade is used to cut a peripheral portion of the carrier
plate along a peripheral edge thereof from the front side
of the carrier plate on which the workpiece is provided,
thereby forming a shoulder portion on the carrier plate.

In the holding step, the workpiece is held from the upper



side thereof in the condition where the workpiece is
positioned above the carrier plate. In the carrier plate
removing step, a push member is used to apply a downward
force to the shoulder portion of the carrier plate and
thereby move the carrier plate away from the workpiece,
thereby removing the carrier plate from the workpiece.
The carrier plate removing method according to this
preferred embodiment will now be described in more detail.

FIG. 1A is a sectional view depicting a
configuration of a composite substrate 1 to be used in
the carrier plate removing method according to this
preferred embodiment. The composite substrate 1 includes
a carrier plate 3 formed of an insulating material such
as soda-lime glass, borosilicate glass, and silica glass.
The carrier plate 3 has a substantially flat first
surface (front side) 3a and a second surface (back side)
3b opposite to the first surface 3a. The carrier plate 3
is rectangular as viewed in plan, that is, as viewed from
the first surface 3a or the second surface 3b. For
example, the carrier plate 3 has a thickness of 2 mm or
less, typically, 1.1 mm.

While the carrier plate 3 is formed of an
insulating material such as soda-lime glass, borosilicate

glass, and silica glass in this preferred embodiment, the



material of the carrier plate 3 is not especially limited.
Further, the shape, structure, size, etc. of the carrier
plate 3 are also not especially limited. For example, a
plate formed of a semiconductor, ceramics, resin, or

metal may be used as the carrier plate 3. Further, a
disk-shaped semiconductor wafer or the like may also be
used as the carrier plate 3.

A workpiece 7 is provided on the first surface 3a
of the carrier plate 3 with a temporary bonding layer 5
interposed therebetween. The temporary bonding layer 5 is
formed by stacking metal films or insulating films, for
example, on the whole of the first surface 3a of the
carrier plate 3. The temporary bonding layer 5 has a
function of bonding the carrier plate 3 and the workpiece
7. The temporary bonding layer 5 may be formed from a
resin film functioning as an adhesive.

For example, the temporary bonding layer 5 has a
thickness of 20 pm or less, typically, 5 pm. In peeling
the carrier plate 3 from the workpiece 7 to thereby
remove the carrier plate 3 from the workpiece 7 in the
carrier plate removing step to be hereinafter described,
the temporary bonding layer 5 is separated into a first
part 5a (see FIG. 3C) adhering to the carrier plate 3 and

a second part 5b (see FIG. 3C) adhering to the workpiece
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The workpiece 7 is called also a package panel or
package wafer, for example. The workpiece 7 includes a
redistribution layer (RDL) (not depicted) formed so as to
come into contact with the temporary bonding layer 5, a
plurality of device chips 9 connected to the
redistribution layer, and a mold resin layer 11 for
sealing each device chip 9. The workpiece 7 has
substantially the same size and shape as those of the
carrier plate 3 as viewed in plan. For example, the
workpiece 7 has a thickness of 1.5 mm or less, typically,
0.6 mm.

The workpiece 7 has a first surface (front side) 7a.
The first surface 7a of the workpiece 7 may be processed
by grinding or the like. The plural device chips 9 in the
workpiece 7 are arranged at given intervals, and a
division line (cut line) is set in an area defined
between any adjacent ones of the plural device chips 9.
That is, a plurality of crossing division lines are set
in the workpiece 7 in the area where the device chips 9
are not formed. By cutting the workpiece 7 along at least
one arbitrary division line, the workpiece 7 is divided
into a plurality of workpiece segments each including one

or more device chips 9.

11



By cutting the workpiece 7 (or each workpiece
segment) along all of the division lines, a plurality of
package devices respectively corresponding to the plural
device chips 9 can be obtained. However, the material,
shape, structure, size, etc. of the workpiece 7 are not
especially limited. For example, the workpiece 7 may be
mainly composed of a redistribution layer without
including the device chips 9 and the mold resin layer 11.

In the carrier plate removing method according to
this preferred embodiment, the shoulder portion forming
step is first performed to form a shoulder portion in the
peripheral portion of the carrier plate 3 constituting
the composite substrate 1. More specifically, the carrier
plate 3 of the composite substrate 1 is first held so
that the workpiece 7 is exposed upward. FIG. 1B is a
sectional view depicting a condition that the carrier
plate 3 of the composite substrate 1 is held in the
shoulder portion forming step. In FIG. 1B, a part of the
components is depicted by a functional block.

The shoulder portion forming step is performed by
using a cutting apparatus 2 depicted in FIG. 1B or the
like. The cutting apparatus 2 includes a chuck table 4
for holding the composite substrate 1. The chuck table 4

includes a cylindrical frame 6 and a holding plate 8
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provided at an upper portion of the frame 6. The frame 6
is formed of metal such as strainless steel, typically.
The holding plate 8 is formed of a porous material.

The holding plate 8 has an upper surface as a
holding surface 8a for holding the carrier plate 3 of the
composite substrate 1 under suction. The holding plate 8
has a lower surface connected through a passage 6a and a
valve 10 or the like to a vacuum source 12. The passage
ba 1s formed in the frame 6. Accordingly, when the valve
10 is opened, a vacuum produced from the vacuum source 12
can be applied to the holding surface 8a.

The chuck table 4 (the frame 6) is connected to a
rotational drive source (not depicted) such as a motor,
so that when the rotational drive source is operated, the
chuck table 4 is rotated about a vertical axis
substantially perpendicular to the holding surface 8a by
a force produced by the rotational drive source. Further,
the chuck table 4 (the frame 6) is supported by a feeding
mechanism (not depicted), so that the chuck table 4 can
be moved in a feeding direction substantially parallel to
the holding surface 8a by operating the feeding mechanism.

In holding the carrier plate 3 of the composite
substrate 1 to expose the workpiece 7 upward, the second

surface 3b of the carrier plate 3 is brought into contact
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with the holding surface 8a of the chuck table 4 as
depicted in FIG. 1B. Thereafter, the valve 10 is opened
to apply a vacuum from the vacuum source 12 to the
holding surface 8a. As a result, the carrier plate 3 of
the composite substrate 1 is held on the chuck table 4
under suction, so that the workpiece 7 is exposed upward.

After holding the carrier plate 3 of the composite
substrate 1 to expose the workpiece 7 upward as mentioned
above, a shoulder portion is formed along the peripheral
edge of the carrier plate 3 in the following manner. FIG.
2A is a sectional view depicting a condition that a
shoulder portion 3c (see FIG. 2B) 1is being formed on the
carrier plate 3 by using the cutting apparatus 2 in the
shoulder portion forming step. In FIG. 2A, a part of the
components is depicted by a functional block.

As depicted in FIG. 2A, the cutting apparatus 2
includes a cutting unit 14 for forming the shoulder
portion 3c. The cutting unit 14 is provided above the
chuck table 4. The cutting unit 14 includes a spindle 16
having a horizontal axis substantially parallel to the
holding surface 8a. An annular cutting blade 18 is
mounted on the spindle 16 at one end thereof. The cutting
blade 18 is formed by dispersing abrasive grains in a

bond.
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A rotational drive source (not depicted) such as a
motor is connected to the other end of the spindle 16, so
that when this rotational drive source is operated, the
cutting blade 18 mounted on the spindle 16 at its one end
is rotated by a force produced by the rotational drive
source. The cutting unit 14 is supported by an elevating
mechanism (not depicted) and an indexing mechanism (not
depicted), so that the cutting unit 14 is movable both in
a vertical direction substantially perpendicular to the
holding surface 8a and in an indexing direction
substantially perpendicular to the vertical direction and
the feeding direction.

In forming the shoulder portion 3c on the carrier
plate 3, the chuck table 4 holding the composite
substrate 1 is rotated to make a part of the peripheral
edge of the carrier plate 3 (i.e., a part corresponding
to one of the four sides of the rectangle as viewed in
plan) substantially parallel to the feeding direction.
Thereafter, the chuck table 4 and the cutting unit 14 are
relatively moved to position the cutting blade 18
directly above an extension of the above part of the
peripheral edge of the carrier plate 3.

Thereafter, the cutting unit 14 is vertically moved

to position the lower end of the cutting blade 18 to the
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level lower than the first surface 3a of the carrier
plate 3 and higher than the second surface 3b of the
carrier plate 3. Thereafter, the cutting blade 18 is
rotated and at the same time the chuck table 4 is moved
in the feeding direction. As a result, the carrier plate
3 is cut along the above part of the peripheral edge from
the first surface 3a by the cutting blade 18 as depicted
in FIG. 2A. That is, a part of the peripheral portion of
the carrier plate 3 corresponding to the above part of
the peripheral edge is cut by the cutting blade 18.

As described above, the lower end of the cutting
blade 18 is set at the level not reaching the second
surface 3b of the carrier plate 3. Accordingly, the
shoulder portion 3c is formed in the above part of the
peripheral portion of the carrier plate 3 in such a
manner that a lower part connected to the second surface
3b projects sideward (i.e., projects horizontally outward
in a direction parallel to the first surface 3a or the
second surface 3b) as depicted in FIG. 2B.

The amount of overlap between the carrier plate 3
(peripheral portion) and the cutting blade 18 as viewed
in plan (i.e., the width of the shoulder portion 3c to be
formed, or the amount of projection of the shoulder

portion 3c) is set in such a range that the package
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devices to be obtained by cutting the workpiece 7 are not
influenced. For example, in the case that the width of a
marginal area (peripheral marginal area) set in the
peripheral portion of the workpiece 7 is large, the
amount of overlap between the carrier plate 3 (the
peripheral portion) and the cutting blade 18 (i.e., the
width of the shoulder portion 3c) can be set large. For
example, the width of the shoulder portion 3c is
preferably set to a range of 0.2 mm to 5 mm in
consideration of ease of removal of the carrier plate 3.

As described above, the temporary bonding layer 5
and the workpiece 7 have substantially the same size and
shape as those of the carrier plate 3 as viewed in plan.
Accordingly, when a part of the peripheral portion of the
carrier plate 3 is cut by the cutting blade 18 from the
first surface 3a, a peripheral area of the temporary
bonding layer 5 and the workpiece 7 corresponding to the
peripheral portion of the carrier plate 3 is also removed
by the cutting blade 18 at the same time.

After forming the shoulder portion 3c in a part of
the peripheral portion of the carrier plate 3 as
mentioned above, a similar shoulder portion 3c is formed
in the other part of the peripheral portion of the

carrier plate 3 in a similar manner. When the shoulder
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portion 3c having a rectangular ring shape is formed in
the whole of the peripheral portion of the carrier plate
3, the shoulder portion forming step is finished. FIG. 2B
is a sectional view depicting the condition that the
shoulder portion 3c has been formed in the whole of the
peripheral portion of the carrier plate 3.

While the shoulder portion 3c is formed in the
whole of the peripheral portion of the carrier plate 3 as
depicted in FIG. 2B in this preferred embodiment, the
shoulder portion 3c may be formed in at least an
arbitrary part of the peripheral portion of the carrier
plate 3. Further, in the case that the carrier plate 3
and the workpiece 7 are circular as viewed in plan (i.e.,
disk-shaped), the chuck table 4 may be rotated in the
condition where the cutting blade 18 is lowered to cut
the peripheral portion of the carrier plate 3, so that an
annular shoulder portion can be formed on the carrier
plate 3 along the peripheral edge thereof.

After performing the shoulder portion forming step,
the holding step is performed to hold the workpiece 7 of
the composite substrate 1 from the upper side thereof.
FIG. 3A is a sectional view depicting the holding step.
The holding step is performed by using a peeling

apparatus 22 depicted in FIG. 3A. The peeling apparatus
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22 includes a holding unit 24 for holding the workpiece 7
of the composite substrate 1 from the upper side thereof.
The holding unit 24 has a lower surface as a

holding surface 24a for holding the workpiece 7 under
suction. The holding surface 24a has substantially the
same size as that of the first surface 7a of the
workpiece 7. The holding surface 24a is connected through
a passage (not depicted) and a valve (not depicted) to a
vacuum source (not depicted). Accordingly, when this
valve is opened, a vacuum produced from the vacuum source
is applied to the holding surface 24a of the holding unit
24. The holding unit 24 is supported by an elevating
mechanism (not depicted), so that the holding unit 24 is
vertically movable.

In the holding step, the holding surface 24a of the
holding unit 24 is first brought into contact with the
first surface 7a of the workpiece 7 in the condition
where the workpiece 7 is positioned above the carrier
plate 3. Thereafter, the valve is opened to apply a
vacuum from the vacuum source to the holding surface 24a.
Accordingly, the workpiece 7 of the composite substrate 1
is held by the holding unit 24 from the upper side of the
workpiece 7.

While the first surface 7a of the workpiece 7 comes

19



into direct contact with the holding surface 24a of the
holding unit 24 in this preferred embodiment, a porous
sheet or the like may be interposed between the first
surface 7a of the workpiece 7 and the holding surface 24a
of the holding unit 24 in the holding step. In this case,
it is possible to prevent damage or contamination or the
like of the workpiece 7 due to the contact with the
holding surface 24a.

After performing the holding step, the carrier
plate removing step is performed to remove the carrier
plate 3 from the workpiece 7. FIG. 3B is a sectional view
depicting the carrier plate removing step, and FIG. 3C is
a sectional view depicting a condition that the carrier
plate 3 has been removed from the workpiece 7. The
carrier plate removing step is performed by using the
peeling apparatus 22 used in the holding step.

As depicted in FIG. 3B, a rod-shaped push member 26
is provided adjacent to the holding unit 24 at a position
corresponding to the shoulder portion 3c of the composite
substrate 1 held by the holding unit 24. The push member
26 1s supported by an elevating mechanism (not depicted)
independent of the elevating mechanism for vertically
moving the holding unit 24. Accordingly, the push member

26 1s vertically movable independently of the holding
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unit 24.

In the carrier plate removing step, both the
holding unit 24 and the push member 26 are first moved
upward to raise the composite substrate 1 held by the
holding unit 24. In other words, the second surface 3b of
the carrier plate 3 is exposed downward. Thereafter, the
push member 26 is moved downward in the condition where
the position of the holding unit 24 is maintained,
thereby bringing the lower end of the push member 26 into
contact with the shoulder portion 3c. That is, the push
member 26 applies a downward force to the shoulder
portion 3c of the carrier plate 3.

As mentioned above, the workpiece 7 of the
composite substrate 1 is held by the holding unit 24 from
the upper side of the workpiece 7. Accordingly, when the
push member 26 applies a downward force to the shoulder
portion 3c of the carrier plate 3, the carrier plate 3 is
peeled from the workpiece 7 in such a manner that the
temporary bonding layer 5 is separated into the first
part 5a and the second part 5b as depicted in FIG. 3C. As
a result, the carrier plate 3 falls due to its own weight.
In other words, the carrier plate 3 is moved away from
the workpiece 7. Thus, the whole of the carrier plate 3

is separated from the workpiece 7, that is, the carrier
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plate 3 is removed from the workpiece 7, and the carrier
plate removing step is finished.

As described above, the carrier plate removing
method includes the shoulder portion forming step of
cutting the peripheral portion of the carrier plate 3
along the peripheral edge thereof from the first surface
3a of the carrier plate 3 on which the workpiece 7 is
provided, thereby forming the shoulder portion 3c as a
lower part connected to the second surface 3b of the
carrier plate 3, the lower part projecting horizontally
outward from the side surface of an upper part connected
to the first surface 3a of the carrier plate 3.

Accordingly, by applying a downward force to the
shoulder portion 3c in the condition where the workpiece
7 is held by the holding unit 24 from the upper side of
the workpiece 7, the carrier plate 3 can be easily
removed from the workpiece 7. Further, since gravity acts
on the carrier plate 3 in addition to the downward force
applied to the shoulder portion 3c, the carrier plate 3
can be removed from the workpiece 7 even when the
downward force to be applied to the shoulder portion 3c
is small.

The present invention is not limited to the above

preferred embodiment, but various modifications may be
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made. For example, while the push member 26 is wvertically
movable independently of the holding unit 24 in this
preferred embodiment, the push member 26 may be
relatively movable with respect to the holding unit 24.

For example, the push member 26 may be fixed to a
housing (not depicted) of the peeling apparatus 22, and
only the holding unit 24 may be vertically moved.
Accordingly, when the holding unit 24 is moved upward,
the push member 26 can be relatively moved downward with
respect to the holding unit 24. Further, while the single
push member 26 is used in this preferred embodiment, a
plurality of push members 26 may be used.

Further, while the shoulder portion 3c is formed by
using the cutting blade 18 to cut the peripheral portion
of the carrier plate 3 along the peripheral edge thereof
from the first surface 3a in this preferred embodiment,
the shoulder portion 3c may be formed by applying a laser
beam along the peripheral edge of the carrier plate 3
from the first surface 3a. In this case, the cutting
apparatus 2 (the cutting unit 14) is replaced by a laser
processing apparatus (laser processing unit) capable of
applying a laser beam having an absorption wavelength to
at least the carrier plate 3.

Further, in removing the carrier plate 3 in the
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carrier plate removing step, a fluid may be sprayed to
the boundary between the carrier plate 3 and the
workpiece 7 (i.e., an area corresponding to the temporary
bonding layer 5). FIG. 4A is a sectional view depicting a
carrier plate removing step according to a first
modification. As depicted in FIG. 4A, a nozzle 32 is
provided near the side surface of the holding unit 24 of
the peeling apparatus 22 to be used in the first
modification. The nozzle 32 is connected through a
passage (not depicted) and a valve (not depicted) to a
fluid source (not depicted) for supplying a fluid 34.
Accordingly, the fluid 34 is adapted to be sprayed from
the nozzle 32.

After spraying the fluid 34 from the nozzle 32 to
the boundary between the carrier plate 3 and the
workpiece 7 held by the holding unit 24 or as spraying
the fluid 34 from the nozzle 32 to the boundary between
the carrier plate 3 and the workpiece 7 held by the
holding unit 24, a downward force is applied from the
push member 26 to the shoulder portion 3c, so that the
carrier plate 3 can be peeled from the workpiece 7 more
easily. As the fluid 34 to be sprayed to the boundary
between the carrier plate 3 and the workpiece 7, air or

water may be used, for example. However, the kind of the

24



fluid 34 is not especially limited.

Further, in removing the carrier plate 3 in the
carrier plate removing step, the carrier plate 3 and the
workpiece 7 may be immersed in a liquid. FIG. 4B is a
sectional view depicting a carrier plate removing step
according to a second modification. As depicted in FIG.
4B, a bath 42 having a size capable of accommodating the
carrier plate 3 and the workpiece 7 is provided below the
holding unit 24 of the peeling apparatus 22 to be used in
the second modification. A liquid 44 such as water is
stored in the bath 42.

The carrier plate 3 and the workpiece 7 held by the
holding unit 24 are immersed into the liquid 44 stored in
the bath 42. Thereafter, a downward force is applied from
the push member 26 to the shoulder portion 3c to thereby
peel the carrier plate 3 from the workpiece 7, so that
the carrier plate 3 falls due to its own weight in the
liguid 44. Since the carrier plate 3 falls in the liquid
44, a shock to the carrier plate 3 due to falling can be
reduced as compared with the case that the carrier plate
3 falls in the air. As a result, damage to the carrier
plate 3 and vibration of the peeling apparatus 22 or the
like can be prevented.

In the second modification, a surface active agent
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may be contained in the liquid 44. As the surface active
agent to be contained in the liquid 44, an anionic
surface active agent or cationic surface active agent or
the like which can easily penetrate into the temporary
bonding layer 5 may be used. By using the liquid 44
containing such a surface active agent which can easily
penetrate into the temporary bonding layer 5, the
temporary bonding layer 5 can be easily separated at an
area where the surface active agent has penetrated. As a
result, the carrier plate 3 can be peeled from the
workpiece 7 more easily.

In the second modification, vibration such as
ultrasonic vibration may be applied to the push member 26
in applying a downward force from the push member 26 to
the shoulder portion 3c in the condition where the
carrier plate 3 and the workpiece 7 are immersed in the
liquid 44. More specifically, a downward force is applied
from the push member 26 to the shoulder portion 3c as
applying vibration such as ultrasonic vibration to the
push member 26. In this case, the vibration is
transmitted from the push member 26 to the carrier plate
3, so that the carrier plate 3 can be peeled from the
workpiece 7 more easily.

Similarly, vibration such as ultrasonic vibration
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may be applied to the liquid 44 in applying a downward
force from the push member 26 to the shoulder portion 3c
in the condition where the carrier plate 3 and the
workpiece 7 are immersed in the liquid 44. More
specifically, a downward force is applied from the push
member 26 to the shoulder portion 3¢ as applying
vibration such as ultrasonic vibration to the liquid 44.
In this case, the vibration is transmitted from the
liquid 44 to the carrier plate 3, so that the carrier
plate 3 can be peeled from the workpiece 7 more easily.

Further, the first modification may be combined
with the second modification. In this case, the carrier
plate 3 and the workpiece 7 are first immersed into the
liquid 44. Thereafter, the fluid 34 is sprayed from the
nozzle 32 to the boundary between the carrier plate 3 and
the workpiece 7 (i.e., an area corresponding to the
temporary bonding layer 5). Further, a downward force is
applied from the push member 26 to the shoulder portion
3c after spraying the fluid 34 to the boundary between
the carrier plate 3 and the workpiece 7 or as spraying
the fluid 34 to the boundary between the carrier plate 3
and the workpiece 7. As a result, the carrier plate 3 can
be peeled from the workpiece 7 more easily.

In addition, the structure and method in the above
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preferred embodiment may be suitably changed without
departing from the scope of the object of the present
invention.

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 equivalence
of the scope of the claims are therefore to be embraced

by the invention.
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WHAT IS CLAIMED IS:

1. A carrier plate removing method for removing a
carrier plate from a workpiece, said carrier plate having
a front side and a back side opposite to said front side,
said workpiece being previously provided through a
temporary bonding layer on the front side of said carrier
plate, said carrier plate removing method comprising:

forming a shoulder portion as a lower part
connected to the back side of said carrier plate, said
lower part projecting horizontally outward from a side
surface of an upper part connected to the front side of
said carrier plate;

a holding step of holding said workpiece by using a
holding unit from an upper side of said workpiece in the
condition where said workpiece is positioned above said
carrier plate, after performing said shoulder portion
forming step; and

a carrier plate removing step of applying a
downward force from a push member to said shoulder
portion after performing said holding step, thereby
moving said carrier plate away from said workpiece to
thereby remove said carrier plate from said workpiece.

2. The carrier plate removing method according to

claim 1, wherein
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said carrier plate removing step includes a step of
spraying a fluid to a boundary between said carrier plate
and said workpiece, said downward force being applied
from said push member to said shoulder portion after
spraying said fluid or as spraying said fluid, thereby
removing said carrier plate from said workpiece.

3. The carrier plate removing method according to
claim 2, wherein

said carrier plate removing step includes the step
of immersing said workpiece and said carrier plate in a
liquid, said downward force being applied from said push
member to said shoulder portion in the condition where
sald workpiece and said carrier plate are immersed in
said liquid.

4. The carrier plate removing method according to
claim 3, wherein

said liquid contains a surface active agent.

5. The carrier plate removing method according to
claim 4, wherein

said carrier plate removing step includes a step of
applying vibration to said push member in the condition
where said workpiece and said carrier plate are immersed
in said liquid, said downward force being applied from

salid push member to said shoulder portion while applying

30



said vibration to said push member.

6. The carrier plate removing method according to
claim 4, wherein

said carrier plate removing step includes a step of
applying vibration to said liquid in the condition where
said workpiece and said carrier plate are immersed in
said liquid, said downward force being applied from said
push member to said shoulder portion while applying said
vibration to said liquid.

7. The carrier plate removing method according to
claim 3, wherein

said carrier plate removing step includes a step of
applying vibration to said push member in the condition
where said workpiece and said carrier plate are immersed
in said liquid, said downward force being applied from
salid push member to said shoulder portion while applying
said vibration to said push member.

8. The carrier plate removing method according to
claim 3, wherein

said carrier plate removing step includes a step of
applying vibration to said liquid in the condition where
salid workpiece and said carrier plate are immersed in
said liquid, said downward force being applied from said

push member to said shoulder portion while applying said
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vibration to said liquid.

9. The carrier plate removing method according to
claim 1, wherein

salid carrier plate removing step includes a step of
immersing said workpiece and said carrier plate in a
liquid, said downward force being applied from said push
member to said shoulder portion in the condition where
sald workpiece and said carrier plate are immersed in
said liquid.

10. The carrier plate removing method according to
claim 9, wherein

said liquid contains a surface active agent.

11. The carrier plate removing method according to
claim 10, wherein

said carrier plate removing step includes a step of
applying vibration to said push member in the condition
where said workpiece and said carrier plate are immersed
in said liquid, said downward force being applied from
salid push member to said shoulder portion while applying
said vibration to said push member.

12. The carrier plate removing method according to
claim 10, wherein

said carrier plate removing step includes a step of

applying vibration to said liquid in the condition where
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said workpiece and said carrier plate are immersed in
said liquid, said downward force being applied from said
push member to said shoulder portion while applying said
vibration to said liquid.

13. The carrier plate removing method according to
claim 9, wherein

salid carrier plate removing step includes a step of
applying vibration to said push member in the condition
where said workpiece and said carrier plate are immersed
in said liquid, said downward force being applied from
salid push member to said shoulder portion while applying
said vibration to said push member.

14. The carrier plate removing method according to
claim 9, wherein

said carrier plate removing step includes a step of
applying vibration to said liquid in the condition where
sald workpiece and said carrier plate are immersed in
said liquid, said downward force being applied from said
push member to said shoulder portion while applying said
vibration to said liquid.

15. The carrier plate removing method according to
claim 1, wherein the forming a shoulder portion is
performed using a cutting blade to remove the peripheral

portion of said carrier plate along a peripheral edge
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thereof.

16. The carrier plate removing method according to
claim 15 wherein the cutting blade removes a peripheral
portion of said carrier plate from the front side of said
carrier plate and removes a peripheral portion of the
workpiece at the same time.

17. The carrier plate removing method according to
claim 1, wherein the forming a shoulder portion is
performed using a laser beam to remove a peripheral
portion of said carrier plate along a peripheral edge

thereof.
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