CARRI ER PLATE REMOVI NG METHOD

BACKGROUND OF THE | NVENTI ON

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 b onding
layer on the front side of the carrier plate.

Description of the Related Art

In electronic equipment typified by a mobil e phone
and a personal computer, a device chip including a device
such as an electronic circuit is an essential compo nent.
For example, the device chip is obtained by setting a
plurality of division lines (streets) on a front si de of
a wafer formed of a semiconductor such as silicon t 0
thereby patrtition the front side of the wafer into a
plurality of separate regions, next forming a devic ein
each separate region, and next dividing the wafer a long

each division line.

The device chip obtained by the above metho dis
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. Thereatfter, the device chip on the m other



substrate is sealed with a mold resin. In this man
the device chip is sealed with the mold resin to fo
package device, so that the device chip can be prot
from any external factors such as shock, light, hea
water.

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

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

by any method such as grinding, and next divided in
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package devices.

SUMVARY OF THE | NVENTI ON
In the FOPLP mentioned above, the package p anel is
divided into the package devices, and the carrier p late

is next removed from the package devices. More

specifically, each package device is picked up from the
carrier plate. However, when each package device i s small
in size, it is difficult to pick up each package de vice

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 tempo rary
bonding layer has strong adhesion to some extent, i tis
difficult to peel the carrier plate from the packag e
panel without causing damage to the package panel a nd the

carrier plate.

It is therefore an object of the present in vention
to provide a carrier plate removing method which ca n
easily remove the carrier plate from a workpiece su ch as

a package panel.
In accordance with an aspect of the present
invention, there is provided a carrier plate removi ng

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

Preferably, the carrier plate removing step

includes the step of spraying a fluid to the bounda
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between the carrier plate and the workpiece, the do
force being applied from the push member to the sho
portion after spraying the fluid or as spraying the
thereby removing the carrier plate from the workpie

Preferably, the carrier plate removing step
includes the step of immersing the workpiece and th
carrier plate in a liquid, the downward force being
applied from the push member to the shoulder portio
the condition where the workpiece and the carrier p
are immersed in the liquid. More preferably, the |
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 downw
force being applied from the push member to the sho
portion as applying the vibration to the push membe
Preferably, the carrier plate removing step
includes the step of applying vibration to the liqu
the condition where the workpiece and the carrier p
are immersed in the liquid, the downward force bein
applied from the push member to the shoulder portio
applying the vibration to the liquid.

As described above, the carrier plate remov
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method of the present invention includes the should
portion forming step of processing the peripheral p
of the carrier plate along the peripheral edge ther
from the front side of the carrier plate on which t
workpiece is provided, thereby forming the shoulder
portion as a lower part connected to the back side
carrier plate, the lower part projecting horizontal
outward from the side surface of an upper part conn
to the front side of the carrier plate. Accordingl
applying a downward force to the shoulder portion i
condition where the workpiece is held by the holdin
from the upper side of the workpiece, the carrier p
can be easily removed from the workpiece. Further,
gravity acts on the carrier plate in addition to th
downward force applied to the shoulder portion, the
carrier plate can be removed from the workpiece eve
the downward force to be applied to the shoulder po
is small.

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

reference to the attached drawings showing a prefer
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embodiment of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS
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 con dition
that the carrier plate of the composite substrate i s held
on a chuck table in a shoulder portion forming step of a
carrier plate removing method according to a prefer red

embodiment of the present invention;

FIG. 2A is a sectional view depicting a con dition
that a shoulder portion is being formed on the carr ier
plate in the shoulder portion forming step;

FIG. 2B is a sectional view depicting a con dition
that the shoulder portion has been formed in the wh ole of
the peripheral portion of the carrier plate;

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

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

FIG. 3C is a sectional view depicting a con dition



that the carrier plate has been removed from the

workpiece;
FIG. 4A is a sectional view depicting a fir st
modification of the carrier plate removing step; an d
FIG. 4B is a sectional view depicting a sec ond

modification of the carrier plate removing step.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

A preferred embodiment of the present inven tion
will now be described with reference to the attache d
drawings. The carrier plate removing method accord ing to
this preferred embodiment is used in removing a car rier
plate from a workpiece previously provided through a
temporary bonding layer on the front side of the ca rrier
plate. The carrier plate removing method includes a
shoulder portion forming step (see FIGS. 1B, 2A, an d 2B),

a holding step (see FIG. 3A), and a carrier plate

removing step (see FIGS. 3B and 3C).

In the shoulder portion forming step, a cut ting
blade is used to cut a peripheral portion of the ca rrier
plate along a peripheral edge thereof from the fron t side
of the carrier plate on which the workpiece is prov ided,
thereby forming a shoulder portion on the carrier p late.
In the holding step, the workpiece is held from the upper

8



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

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

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

glass, and silica glass in this preferred embodimen
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material of the carrier plate 3 is not especially |
Further, the shape, structure, size, etc. of the ca
plate 3 are also not especially limited. For examp
plate formed of a semiconductor, ceramics, resin, o
metal may be used as the carrier plate 3. Further,
disk-shaped semiconductor wafer or the like may als
used as the carrier plate 3.

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

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

a second part 5b (see FIG. 3C) adhering to the work

10

imited.
rrier
le, a
r
a

o be

ace 3a
er5
er5is

for

has a

eling

the
ibed,
irst

3 and

piece



The workpiece 7 is called also a package pa
package wafer, for example. The workpiece 7 includ
redistribution layer (RDL) (not depicted) formed so
come into contact with the temporary bonding layer
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 t
carrier plate 3 as viewed in plan. For example, th
workpiece 7 has a thickness of 1.5 mm or less, typi
0.6 mm.

The workpiece 7 has a first surface (front
The first surface 7a of the workpiece 7 may be proc
by grinding or the like. The plural device chips 9
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 chip
That is, a plurality of crossing division lines are
in the workpiece 7 in the area where the device chi
are not formed. By cutting the workpiece 7 along a
one arbitrary division line, the workpiece 7 is div
into a plurality of workpiece segments each includi

or more device chips 9.
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By cutting the workpiece 7 (or each workpie

segment) along all of the division lines, a plurali

package devices respectively corresponding to the p

device chips 9 can be obtained. However, the mater

shape, structure, size, etc. of the workpiece 7 are
especially limited. For example, the workpiece 7 m
mainly composed of a redistribution layer without
including the device chips 9 and the mold resin lay

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

The shoulder portion forming step is perfor
using a cutting apparatus 2 depicted in FIG. 1B or
like. The cutting apparatus 2 includes a chuck tab
for holding the composite substrate 1. The chuck t

includes a cylindrical frame 6 and a holding plate
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provided at an upper portion of the frame 6. The f
is formed of metal such as strainless steel, typica
The holding plate 8 is formed of a porous material.
The holding plate 8 has an upper surface as
holding surface 8a for holding the carrier plate 3
composite substrate 1 under suction. The holding p
has a lower surface connected through a passage 6a
valve 10 or the like to a vacuum source 12. The pa

6a is formed in the frame 6. Accordingly, when the

10 is opened, a vacuum produced from the vacuum sou

can be applied to the holding surface 8a.

The chuck table 4 (the frame 6) is connecte
rotational drive source (not depicted) such as a mo
so that when the rotational drive source is operate
chuck table 4 is rotated about a vertical axis
substantially perpendicular to the holding surface
a force produced by the rotational drive source. F
the chuck table 4 (the frame 6) is supported by a f
mechanism (not depicted), so that the chuck table 4
be moved in a feeding direction substantially paral
the holding surface 8a by operating the feeding mec

In holding the carrier plate 3 of the compo
substrate 1 to expose the workpiece 7 upward, the s

surface 3b of the carrier plate 3 is brought into c
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with the holding surface 8a of the chuck table 4 as

depicted in FIG. 1B. Thereatfter, the valve 10 is o

to apply a vacuum from the vacuum source 12 to the

holding surface 8a. As a result, the carrier plate
the composite substrate 1 is held on the chuck tabl
under suction, so that the workpiece 7 is exposed u

After holding the carrier plate 3 of the co

substrate 1 to expose the workpiece 7 upward as men

above, a shoulder portion is formed along the perip
edge of the carrier plate 3 in the following manner
2A is a sectional view depicting a condition that a
shoulder portion 3c (see FIG. 2B) is being formed o
carrier plate 3 by using the cutting apparatus 2 in
shoulder portion forming step. In FIG. 2A, a part
components is depicted by a functional block.

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

bond.
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A rotational drive source (not depicted) su
motor is connected to the other end of the spindle
that when this rotational drive source is operated,
cutting blade 18 mounted on the spindle 16 at its o
is rotated by a force produced by the rotational dr

source. The cutting unit 14 is supported by an ele

mechanism (not depicted) and an indexing mechanism

depicted), so that the cutting unit 14 is movable b
a vertical direction substantially perpendicular to
holding surface 8a and in an indexing direction
substantially perpendicular to the vertical directi
the feeding direction.

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

Thereatfter, the cutting unit 14 is vertical

to position the lower end of the cutting blade 18 t
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level lower than the first surface 3a of the carrie
plate 3 and higher than the second surface 3b of th
carrier plate 3. Thereafter, the cutting blade 18
rotated and at the same time the chuck table 4 is m
in the feeding direction. As a result, the carrier

3 is cut along the above part of the peripheral edg
the first surface 3a by the cutting blade 18 as dep
in FIG. 2A. That is, a part of the peripheral port

the carrier plate 3 corresponding to the above part
the peripheral edge is cut by the cutting blade 18.

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

The amount of overlap between the carrier p
(peripheral portion) and the cutting blade 18 as vi
in plan (i.e., the width of the shoulder portion 3c
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 a
influenced. For example, in the case that the widt
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.,
width of the shoulder portion 3c) can be set large.
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 pla

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

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

carrier plate 3 in a similar manner. When the shou
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portion 3c having a rectangular ring shape is forme
the whole of the peripheral portion of the carrier

3, the shoulder portion forming step is finished.

Is a sectional view depicting the condition that th
shoulder portion 3c has been formed in the whole of
peripheral portion of the carrier plate 3.

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

After performing the shoulder portion formi
the holding step is performed to hold the workpiece
the composite substrate 1 from the upper side there
FIG. 3A is a sectional view depicting the holding s
The holding step is performed by using a peeling

apparatus 22 depicted in FIG. 3A. The peeling appa
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22 includes a holding unit 24 for holding the workp
of the composite substrate 1 from the upper side th

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

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

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

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

As depicted in FIG. 3B, a rod-shaped push m
is provided adjacent to the holding unit 24 at a po
corresponding to the shoulder portion 3c of the com
substrate 1 held by the holding unit 24. The push
26 is supported by an elevating mechanism (not depi
independent of the elevating mechanism for vertical
moving the holding unit 24. Accordingly, the push

26 is vertically movable independently of the holdi
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unit 24.

In the carrier plate removing step, both th
holding unit 24 and the push member 26 are first mo
upward to raise the composite substrate 1 held by t
holding unit 24. In other words, the second surfac
the carrier plate 3 is exposed downward. Thereafte
push member 26 is moved downward in the condition w
the position of the holding unit 24 is maintained,
thereby bringing the lower end of the push member 2
contact with the shoulder portion 3c. That is, the
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 2
the upper side of the workpiece 7. Accordingly, wh
push member 26 applies a downward force to the shou
portion 3c of the carrier plate 3, the carrier plat
peeled from the workpiece 7 in such a manner that t
temporary bonding layer 5 is separated into the fir
part 5a and the second part 5b as depicted in FIG.

a result, the carrier plate 3 falls due to its own
In other words, the carrier plate 3 is moved away f
the workpiece 7. Thus, the whole of the carrier pl

Is separated from the workpiece 7, that is, the car

21

ved

he

e 3b of
r, the

here

6 into

push

4 from

en the

lder

e3is

he

st

3C. As
weight.

rom

ate 3

rier



plate 3 is removed from the workpiece 7, and the ca
plate removing step is finished.

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

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

The present invention is not limited to the

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

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

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

Further, in removing the carrier plate 3 in
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carrier plate removing step, a fluid may be sprayed
the boundary between the carrier plate 3 and the
workpiece 7 (i.e., an area corresponding to the tem
bonding layer 5). FIG. 4A is a sectional view depi
carrier plate removing step according to a first
modification. As depicted in FIG. 4A, a nozzle 32
provided near the side surface of the holding unit
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) t
fluid source (not depicted) for supplying a fluid 3
Accordingly, the fluid 34 is adapted to be sprayed
the nozzle 32.

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

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

24

to

porary

cting a

24 of

oOa

from

32 to

ing

ween

he
the
more
ary
ror

of the



fluid 34 is not especially limited.

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

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

In the second modification, a surface activ
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may be contained in the liquid 44. As the surface
agent to be contained in the liquid 44, an anionic
surface active agent or cationic surface active age
the like which can easily penetrate into the tempor
bonding layer 5 may be used. By using the liquid 4
containing such a surface active agent which can ea
penetrate into the temporary bonding layer 5, the
temporary bonding layer 5 can be easily separated a
area where the surface active agent has penetrated.
result, the carrier plate 3 can be peeled from the
workpiece 7 more easily.

In the second modification, vibration such
ultrasonic vibration may be applied to the push mem
in applying a downward force from the push member 2
the shoulder portion 3c in the condition where the
carrier plate 3 and the workpiece 7 are immersed in
liquid 44. More specifically, a downward force is
from the push member 26 to the shoulder portion 3c
applying vibration such as ultrasonic vibration to
push member 26. In this case, the vibration is
transmitted from the push member 26 to the carrier
3, so that the carrier plate 3 can be peeled from t
workpiece 7 more easily.

Similarly, vibration such as ultrasonic vib
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may be applied to the liquid 44 in applying a downw
force from the push member 26 to the shoulder porti
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
member 26 to the shoulder portion 3c as applying
vibration such as ultrasonic vibration to the liqui
In this case, the vibration is transmitted from the
liquid 44 to the carrier plate 3, so that the carri
plate 3 can be peeled from the workpiece 7 more eas
Further, the first modification may be comb
with the second modification. In this case, the ca
plate 3 and the workpiece 7 are first immersed into
liquid 44. Thereafter, the fluid 34 is sprayed fro
nozzle 32 to the boundary between the carrier plate
the workpiece 7 (i.e., an area corresponding to the
temporary bonding layer 5). Further, a downward fo
applied from the push member 26 to the shoulder por
3c after spraying the fluid 34 to the boundary betw
the carrier plate 3 and the workpiece 7 or as spray
the fluid 34 to the boundary between the carrier pl
and the workpiece 7. As a result, the carrier plat
be peeled from the workpiece 7 more easily.

In addition, the structure and method in th
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preferred embodiment may be suitably changed withou
departing from the scope of the object of the prese
invention.

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

by the invention.
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VWHAT IS CLAIMED | S

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

a shoulder portion forming step of processi
peripheral portion of said carrier plate along a
peripheral edge thereof from the front side of said
carrier plate on which said workpiece is provided,
thereby forming a shoulder portion as a lower part
connected to the back side of said carrier plate, s
lower part projecting horizontally outward from the
surface of an upper part connected to the front sid
said carrier plate;

a holding step of holding said workpiece by
holding unit from an upper side of said workpiece i
condition where said workpiece is positioned above
carrier plate, after performing said shoulder porti
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
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moving said carrier plate away from said workpiece
thereby remove said carrier plate from said workpie

2. The carrier plate removing method accor
claim 1, wherein

said carrier plate removing step includes a
spraying a fluid to a boundary between said carrier
and said workpiece, said downward force being appli
from said push member to said shoulder portion afte
spraying said fluid or as spraying said fluid, ther
removing said carrier plate from said workpiece.

3. The carrier plate removing method accor
claim 1, wherein

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

4. The carrier plate removing method accor
claim 2, wherein

said carrier plate removing step includes t
of immersing said workpiece and said carrier plate
liquid, said downward force being applied from said

member to said shoulder portion in the condition wh
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said workpiece and said carrier plate are immersed
said liquid.

5. The carrier plate removing method accor
claim 3, wherein

said liquid contains a surface active agent

6. The carrier plate removing method accor
claim 4, wherein

said liquid contains a surface active agent

7. The carrier plate removing method accor
claim 3, wherein

said carrier plate removing step includes a
applying vibration to said push member in the condi
where said workpiece and said carrier plate are imm
in said liquid, said downward force being applied f
said push member to said shoulder portion as applyi
said vibration to said push member.

8. The carrier plate removing method accor
claim 4, wherein

said carrier plate removing step includes a
applying vibration to said push member in the condi
where said workpiece and said carrier plate are imm
in said liquid, said downward force being applied f
said push member to said shoulder portion as applyi

said vibration to said push member.
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9. The carrier plate removing method accor
claim 5, wherein

said carrier plate removing step includes a
applying vibration to said push member in the condi
where said workpiece and said carrier plate are imm
in said liquid, said downward force being applied f
said push member to said shoulder portion as applyi
said vibration to said push member.

10. The carrier plate removing method acco
claim 6, wherein

said carrier plate removing step includes a
applying vibration to said push member in the condi
where said workpiece and said carrier plate are imm
in said liquid, said downward force being applied f
said push member to said shoulder portion as applyi
said vibration to said push member.

11. The carrier plate removing method acco
claim 3, wherein

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

vibration to said liquid.
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12. The carrier plate removing method acco
claim 4, wherein

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

13. The carrier plate removing method acco
claim 5, wherein

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

14. The carrier plate removing method acco
claim 6, wherein

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

vibration to said liquid.
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