PEELI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a peeling
apparatus that peels off a protective member from a
plate-shaped work piece.

Description of the Related Art

A tape mounter can render a wafer supportab
ring frame via a dicing tape, by affixing the dicin
to the ring frame and another surface of the wafer
a protective tape affixed to one surface of the waf
addition, after the dicing tape is affixed, the
protective tape affixed to the wafer is peeled off
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SUVVARY OF THE | NVENTI ON
When the protective tape is peeled off, a p
tape is, for example, affixed to an outer circumfer
part of the protective tape, and the protective tap
peeled off by gripping the peeling tape and pulling
peeling tape in such a direction that the peeling t
separates from the wafer. However, if a speed of p

the protective tape when peeling off the protective
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is fast, there is a possibility that a glue of the
protective tape remains on the one surface of the w
or there is a possibility that the wafer is damaged
the speed of pulling the protective tape is slow, o
other hand, an unnecessary time is taken, and thus,
efficiency is decreased.

In addition, the adhesive force of the prot
tape differs according to a kind of device formed o
one surface of the wafer to which the protective ta
affixed, for example. That is, even in the case of
same protective tape, the protective tape may be ma
adhere strongly or adhere weakly according to the d
formed on the wafer. It is therefore necessary to
a tensile force (tensile speed) at a time of the pe
according to a difference in adhesive force.

Further, the pulling force differs between
peeling region at a start of peeling the protective
having a circular shape and a large peeling region
the protective tape is peeled to a part near the ce
of the wafer. Thus, a force received by the wafer
differs according to a position at which the protec
tape is being peeled. Conventionally, however, a p
test is repeated while the peeling speed of peeling

wafer is gradually increased, and a predetermined p
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speed is determined to perform the peeling at the
determined peeling speed, or a safe speed with a ma
for excluding a possibility of damaging the wafer i

to perform the peeling. An unnecessary time is the
taken.

It is accordingly an object of the present
invention to provide a peeling apparatus that can p
off a protective member from a wafer while preventi
crack in the wafer and preventing the remaining of
on the wafer or the like without taking an unnecess
time when the protective member is peeled off from
wafer.

In accordance with an aspect of the present
invention, there is provided a peeling apparatus th
peels a protective member protecting one surface of
plate-shaped work piece from the one surface, the p
apparatus including holding means that holds anothe
surface of the plate-shaped work piece by a holding
surface; and peeling means that grips an outer
circumferential part of the protective member cover
the one surface of the plate-shaped work piece held
the holding surface, peels the protective member fr
outer circumference to a center of the plate-shaped

piece, and further peels the protective member from
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center to an outer circumference on an opposite sid
the outer circumference. The peeling means include
gripping unit configured to grip the outer
circumferential part of the protective member; movi
means that moves the gripping unit and the holding
relative to each other in a direction parallel with
holding surface, leads the gripping unit from an ou
circumference to a center of the holding surface, a
then moves the gripping unit passing the center of
holding surface on a straight line in such a direct
that the gripping unit moves away from the center;
tensile load measuring unit configured to measure a
tensile load applied to the protective member inter
between the gripping unit and the holding surface.
Peeling operation of the peeling means is optimized
measuring the tensile load applied to the protectiv
member by the tensile load measuring unit.

Preferably, the tensile load measuring unit
includes a piezoelectric element disposed in a supp
portion that supports the holding means. Preferabl
tensile load measuring unit includes a piezoelectri
element disposed in a gripping unit supporting unit
supports the gripping unit.

Preferably, the protective member is a prot
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tape, the plate-shaped work piece has a notch porti
an outer circumferential part of the plate-shaped w
piece, the holding means includes a partial peeling
configured to peel the protective tape in a vicinit
the notch portion from the plate-shaped work piece
thrusting up a part of the protective tape, the par
being located at the notch portion but not being af
to the plate-shaped work piece, and the gripping un
grips an outer circumferential part of the protecti
tape peeled by the partial peeling unit.

Preferably, the protective member is a prot
tape, peeling tape affixing means that affixes a pe
tape to an outer circumferential part of the protec
tape is further included, and the gripping unit gri
peeling tape affixed to the protective tape instead
gripping the outer circumferential part of the prot
tape, and the tensile load measuring unit measures
tensile load applied to the peeling tape integrated
the protective tape interposed between the gripping
and the holding surface.

Preferably, the protective member has a pro
portion slightly protruding from the outer circumfe
of the plate-shaped work piece, and the gripping un

grips the protruding portion.
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According to the present invention, the pee
operation of the peeling means can be optimized by
measuring the tensile load applied to the protectiv
member by the tensile load measuring unit. That is
possible to peel off the protective member from the
at an optimum peeling speed while preventing a crac
the wafer and preventing the remaining of a glue on
wafer or the like without taking an unnecessary tim

When the tensile load measuring unit is for
piezoelectric element disposed in a supporting port
supporting the holding means, the tensile load appl
the protective member can be measured accurately.

When the tensile load measuring unit is for
piezoelectric element disposed in a gripping unit
supporting unit supporting the gripping unit, the t
load applied to the protective member can be measur
accurately.

The protective member is a protective tape,
plate-shaped work piece has a notch portion in an o
circumferential part of the plate-shaped work piece
the holding means includes a partial peeling unit
configured to peel the protective tape in the vicin
the notch portion from the plate-shaped work piece

thrusting up a part of the protective tape, the par
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being located at the notch portion but not being af
to the plate-shaped work piece, so that the grippin
can easily grip the outer circumferential part of t
protective tape peeled by the partial peeling unit.

When the protective member is a protective
peeling tape affixing means that affixes a peeling
to an outer circumferential part of the protective
is included, the gripping unit grips the peeling ta
affixed to the protective tape instead of gripping
outer circumferential part of the protective tape,
the tensile load measuring unit measures a tensile
applied to the peeling tape integrated with the
protective tape interposed between the gripping uni
the holding surface instead of measuring a tensile
applied to the protective tape. It is thereby poss
optimize the peeling operation of the peeling means

When the protective member has a protruding
slightly protruding from the outer circumference of
plate-shaped work piece, the gripping unit can easi
grip the protruding portion of the outer circumfere
part of the protective member.

The above and other objects, features and
advantages of the present invention and the manner

realizing them will become more apparent, and the
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invention itself will best be understood from a stu
the following description and appended claims with
reference to the attached drawings showing some pre

embodiments of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1 is a perspective view illustrating a
apparatus according to a first embodiment;

FIG. 2 is a sectional view of assistance in
explaining a case in which a protective tape is pee
off from a plate-shaped work piece by moving holdin
means in an X-axis direction and moving a gripping
in a horizontal direction with respect to the holdi
surface of the holding means while a tensile load i
measured by a gripping unit side tensile load measu
unit;

FIG. 3 is a sectional view of assistance in
explaining a case in which the protective tape is p
off from the plate-shaped work piece by moving the
holding means in the X-axis direction but not movin
gripping unit while a tensile load is measured by a
side tensile load measuring unit;

FIG. 4 is a sectional view of assistance in

explaining the holding means including a partial pe
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unit that peels the protective tape in the vicinity
notch portion of the plate-shaped work piece from t
plate-shaped work piece;

FIG. 5 is a perspective view of assistance
explaining a peeling apparatus according to a secon
embodiment;

FIG. 6 is a sectional view illustrating a s
which a gripping clamp of a gripping unit grips a
protruding portion when the peeling apparatus accor
to the second embodiment starts peeling off a prote
member;

FIG. 7 is a sectional view of assistance in
explaining a state in which the gripping clamp of t
gripping unit has peeled a part of the protruding p
from the outer circumferential edge of a plate-shap
work piece when the peeling apparatus according to
second embodiment starts peeling off the protective
member;

FIG. 8 is a sectional view of assistance in
explaining a state in which the protective member i
to conform to the side surface of a rotating roller
the gripping clamp of the gripping unit peels a par
the protruding portion from the outer circumferenti

edge of the plate-shaped work piece when the peelin
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apparatus according to the second embodiment starts
peeling off the protective member;

FIG. 9 is a sectional view of assistance in
explaining a case in which the protective member is
peeled off from the plate-shaped work piece by movi ng
holding means in a Y-axis direction and moving the
gripping unit in an obliquely downward direction wi th
respect to the holding surface of the holding means while
a tensile load is measured by a gripping unit side
tensile load measuring unit; and

FIG. 10 is a sectional view of assistance i n

explaining a case in which the protective member is

peeled off from the plate-shaped work piece by movi ng the
holding means in the Y-axis direction but not movin g the
gripping unit while a tensile load is measured by a pad

side tensile load measuring unit.

DETAI LED DESCRI PTON OF THE PREFERRED EMBCODI MENTS
(First Embodiment of Peeling Apparatus)
A peeling apparatus 1 according to a first

embodiment illustrated in FIG. 1 is an example of a

peeling apparatus that, by using a band-shaped peel ing
tape 83, peels off a protective tape 81 as a protec tive
member affixed to one surface 800 of a plate-shaped work

10



piece 80, the one surface 800 being an upper surfac e of

the plate-shaped work piece 80 in FIG. 1. The peel ing
apparatus 1 includes at least holding means 30 that holds
another surface 801 of the plate-shaped work piece 80 by
a holding surface 302; and peeling means 4 that gri ps an
outer circumferential part of the protective tape 8 1
covering the one surface 800 of the plate-shaped wo rk

piece 80 held on the holding surface 302, peels the

protective tape 81 from an outer circumference to a

center of the plate-shaped work piece 80, and furth er
peels the protective tape 81 from the center to an outer

circumference on an opposite side of the wafer.

The plate-shaped work piece 80 illustrated in FIG.
1is, for example, a semiconductor wafer having sil icon
as a base material and having a circular external s hape.
The one surface 800 of the plate-shaped work piece 80 is
demarcated in a lattice manner by a plurality of pl anned
dividing lines 804 orthogonally intersecting each o ther.

A device 805 such as an integrated circuit (IC) is formed
in each of regions demarcated in a lattice manner i n the

one surface 800.

In the present embodiment, the protective m ember
affixed so as to cover the whole of the one surface 800
of the plate-shaped work piece 80 is, for example, the

11



protective tape 81 that includes a substrate layer
of a resin having a certain degree of flexibility (
example, a polyolefin resin or the like) and an adh
layer (glue layer) on the substrate layer.

It is to be noted that the plate-shaped wor
80 may be formed by gallium arsenide, sapphire, cer
resin, gallium nitride, silicon carbide, or the lik
other than silicon, and that the protective member
limited to the protective tape 81.

A dicing tape 82 having a larger diameter t
plate-shaped work piece 80, for example, is affixed
the other surface 801 (lower surface in FIG. 1) as
opposite surface of the plate-shaped work piece 80
the one surface 800. Then, an outer circumferentia
portion of a glue layer of the dicing tape 82 is al
affixed to an annular frame 84. Thus, the plate-sh
work piece 80 is supported by the annular frame 84
the dicing tape 82 and can be handled by the annula
frame 84.

The peeling apparatus 1 has a base 10 in th
of a rectangular parallelepiped extending in an X-a
direction. Table moving means 13 that causes the h
means 30 to reciprocate in the X-axis direction is

disposed on the base 10. The table moving means 13
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includes a ball screw 130 disposed on the base 10,
motor 132 connected to one end of the ball screw 13
pair of guide rails 131 extending in parallel with
ball screw 130, and a movable member 133 movable in
X-axis direction. The holding means 30 is disposed
upper surface of the movable member 133 via a suppo
portion 31. The pair of guide rails 131 is in slid
contact with the lower surface of the movable membe
The ball screw 130 is screwed in a nut not illustra
that is disposed on the lower surface of the movabl
member 133. When the ball screw 130 rotates by bei
driven by the motor 132, the holding means 30 moves
the X-axis direction along the guide rails 131 toge
with the movable member 133.

The table moving means 13 is a part of the
means 4. The table moving means 13 functions as mo
means that moves a gripping unit 41 and the holding
30 relative to each other in the X-axis direction
parallel with the holding surface 302, leads the gr
unit 41 from the outer circumference to the center
holding surface 302, and then moves the gripping un
passing the center of the holding surface 302 on a
straight line in such a direction that the gripping

41 moves away from the center.
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In the present embodiment, the holding mean
a holding table. The holding means 30 includes a s
portion 300 that is formed by a porous member or th
and sucks the plate-shaped work piece 80, and a fra
body 301 that supports the sucking portion 300. Th
sucking portion 300 communicates with an unillustra
suction source such as a vacuum generating apparatu
suction force produced by suction of the suction so
is transmitted to the flat holding surface 302 as a
exposed surface of the sucking portion 300. The ho
means 30 can thereby suck and hold the plate-shaped
piece 80 on the holding surface 302.

The periphery of the holding means 30 is, f
example, surrounded by frame fixing means 32 that f
the annular frame 84. The frame fixing means 32 th
an annular external shape as viewed in plan and on
the annular frame 84 is to be mounted is configured
suck and fix the annular frame 84 by a suction forc
produced by the suction source not illustrated. Th
fixing means 32 can be moved up and down in a Z-axi
direction (vertical direction) by piston mechanisms
arranged at equal intervals in a circumferential
direction. Incidentally, in place of the frame fix

means 32, a plurality of mechanical clamps opened a
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closed by a spring or the like may be arranged on t
periphery of the holding means 30.

The peeling means 4 includes, for example,
tensile load measuring unit 35 formed by piezoelect
elements arranged in the supporting portion 31 supp
the holding means 30. The tensile load measuring u
serves as a tensile load measuring unit that measur
tensile load applied to the protective tape 81 inte
between the gripping unit 41, which is illustrated
FIG. 1 and will be described later, and the holding
surface 302. In the following, the tensile load me
unit 35 will be referred to as a table side tensile
measuring unit 35.

In the present embodiment, the supporting p
31 supporting the holding means 30, for example, ha
cylindrical shape, and the table side tensile load

measuring unit 35 is disposed in a part of the supp

portion 31 which is connected to the movable member

of the table moving means 13. That is, the table s

tensile load measuring unit 35 is disposed so as to

sandwiched between the supporting portion 31 and th

movable member 133 from an upward-downward directio

axis direction) and support the weight of the holdi

means 30 mounted on the supporting portion 31. In
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present embodiment, the table side tensile load mea
unit 35 is disposed below the holding means 30 so a
be in two parts opposed to each other in the X-axis
direction. That is, the table side tensile load me
unit 35 includes a first table side tensile load
measuring unit 351 and a second table side tensile
measuring unit 352.

A piezoelectric element as the first table
tensile load measuring unit 351 (second table side
tensile load measuring unit 352) is, for example, f

in a flat plate shape or a columnar shape by a mate

such as barium titanate (BaTiO 3), lead zirconate titanate
(PZT), lithium niobate (LINbO 3), or lithium tantalate

(LiTaO 3). The piezoelectric element can convert a load

applied thereto into a voltage signal, and output t
voltage signal to control unit 19 that controls the
of the peeling apparatus 1.

The peeling means 4 that peels off the prot

tape 81 of the plate-shaped work piece 80 held by t

holding means 30 is disposed above a movement path

holding means 30. The peeling means 4 includes, fo
example, tape cutting means 40 that cuts the peelin
83 to a predetermined length; peeling tape supply m

42 that draws out the peeling tape 83 from a tape r
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831 wound with the peeling tape 83 in a roll shape
supplies the peeling tape 83 to the protective tape
affixed to the one surface 800 of the plate-shaped
piece 80; peeling tape affixing means 44 that affix
peeling tape 83 to an outer circumferential part of
protective tape 81; the gripping unit 41 that grips
peeling tape 83 affixed to the protective tape 81,
axis direction moving means 46 that moves the peeli
tape affixing means 44 and the gripping unit 41 in
axis direction.

The X-axis direction moving means 46 functi
moving means that moves the gripping unit 41 and th
holding means 30 relative to each other in the X-ax
direction parallel with the holding surface 302, le
the gripping unit 41 from the outer circumference t
center of the holding surface 302, and then moves t
gripping unit 41 passing the center of the holding
surface 302 on a straight line in such a direction
the gripping unit 41 moves away from the center.

Specifically, the X-axis direction moving m
includes a ball screw 460 having an axis in the X-a
direction; a pair of guide rails 461 arranged in pa
with the ball screw 460; a motor 462 that is couple

the ball screw 460 and rotates the ball screw 460;
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movable plate 463 that has an internal nut screwed
ball screw 460 and has a side portion in sliding co
with the guide rails 461. When the motor 462 rotat
ball screw 460, the movable plate 463 corresponding
reciprocates in the X-axis direction while guided b
guide rails 461, and the peeling tape affixing mean
and the gripping unit 41 attached to the movable pl
463 also reciprocate in the X-axis direction.

The peeling tape supply means 42 includes a
tube 420 mounted with the tape roll 831; a pair of
rollers 421 that guide the peeling tape 83 drawn ou
the tape roll 831 downward; and a pair of feeding r
422 disposed on a downward side of the pair of guid
rollers 421. A control mechanism not illustrated a
a back tension to the roll tube 420, and thus, a st
tension is adjusted so as not to cause a slack in t
peeling tape 83 drawn out from the tape roll 831.
pair of guide rollers 421 can fold back the peeling
83 while sandwiching the peeling tape 83, and guide
peeling tape 83 to the pair of feeding rollers 422
applying a tension. The pair of feeding rollers 42
feed the peeling tape 83 to the gripping unit 41.

The peeling tape 83 is, for example, a heat

a two-layer structure including a substrate and an
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adhesive layer which is bonded to the outer
circumferential part of the protective tape 81 by
applying heat to the adhesive layer. A material fo
substrate is, for example, a resin such as polyethy
terephthalate. The adhesive layer is, for example,
by a thermosetting resin such as an epoxy resin. T
adhesion of the peeling tape 83 to the protective t
is set stronger than the adhesion of the protective
81 to the plate-shaped work piece 80. Such a peeli
83 is wound in a state in which the adhesive layer
located on the inside (lower surface side in an ext
state) to form the tape roll 831. It is to be note

the peeling tape 83 is not limited to the heat seal

A gripping unit supporting unit 48 is attac
support 480 fixed to a side surface of the movable
463 of the X-axis direction moving means 46 illustr
in FIG. 1, and further a pair of gripping claws 412
constituting the gripping unit 41 can be moved up a
down by the gripping unit supporting unit 48.

The pair of gripping claws 412 includes, fo
example, a fixed claw 4121 in substantially the sha
an L as viewed from the side and a movable claw 412
is disposed so as to be opposed to the fixed claw 4

the Z-axis direction and which is capable of approa
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or being separated from the fixed claw 4121. In th
gripping unit 41, one end of the peeling tape 83 ca
gripped between the fixed claw 4121 and the movable
4122 by making the movable claw 4122 approach the f
claw 4121. Then, the gripping unit supporting unit
position the pair of gripping claws 412 gripping th
peeling tape 83 at a height position appropriate fo
affixation above the protective tape 81 of the plat
shaped work piece 80 held by the holding means 30.
other hand, the state of gripping the one end of th
peeling tape 83 in the gripping unit 41 can be rele
by separating the movable claw 4122 from the fixed
4121.

The peeling tape affixing means 44 illustra
FIG. 1 is disposed between the pair of feeding roll
422 and the gripping unit 41. The peeling tape aff
means 44 includes a support 440 fixed to the side s
of the movable plate 463 of the X-axis direction mo
means 46, a pressing plate raising and lowering mec
441 formed by an air cylinder or the like and suppo
by the support 440, and a pressing plate 442 capabl
being moved up and down by the pressing plate raisi
lowering mechanism 441.

A heater not illustrated that generates hea
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being fed with a current is attached to the pressin
plate 442. When the pressing plate 442 is lowered
pressing plate raising and lowering mechanism 441 a
peeling tape 83 is pressed and affixed to the outer
circumferential part of the protective tape 81, a p

the peeling tape 83 can thermally be welded to the
protective tape 81 by heating the pressing plate 44
the heater not illustrated. Thus, the peeling tape
excellently be affixed to the protective tape 81.

The tape cutting means 40 is, for example,
between the pair of feeding rollers 422 and the pee
tape affixing means 44. The tape cutting means 40
includes a mounting base 400 having a mounting surf
404 on which the adhesive layer side (lower side) o
peeling tape 83 is to be mounted, and a groove 405
traverses the mounting surface 404 in the width dir
of the peeling tape 83 (Y-axis direction orthogonal
the X-axis direction within a horizontal plane); a
401 advanced within the groove 405 along the extend
direction of the groove 405; cutter moving means 40
ball screw mechanism that supports the cutter 401 v
cutter raising and lowering means 403 and moves the
cutter 401 in the extending direction (Y-axis direc

of the groove 405; and the cutter raising and lower
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means 403 that is formed by an air cylinder or the
and raises and lowers the cutter 401 in the Z-axis
direction with respect to the mounting surface 404.
The peeling means 4 includes, for example,
tensile load measuring unit 47 formed by piezoelect
elements arranged in the gripping unit supporting u
supporting the gripping unit 41, as a tensile load
measuring unit that measures a tensile load applied
the protective tape 81 interposed between the gripp
unit 41 and the holding surface 302. In the follow
the tensile load measuring unit 47 will be referred
a gripping unit side tensile load measuring unit 47
gripping unit side tensile load measuring unit 47

includes, for example, a vertical direction load

measuring piezoelectric element 471 and a horizonta

direction load measuring piezoelectric element 472.
Incidentally, it suffices for the peeling apparatus
include at least one of the table side tensile load
measuring unit 35 and the gripping unit side tensil
measuring unit 47, as a tensile load measuring unit
The gripping unit supporting unit 48 is, fo

example, an electric cylinder or the like in which
piston rod 483 can move up and down in the Z-axis

direction from the inside of a cylinder tube 484.
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vertical direction load measuring piezoelectric ele
471, for example, has a cylindrical external shape
disposed integrally with the piston rod 483 such th
rods are vertically coupled to each other to form o
piston rod 483.

The horizontal direction load measuring
piezoelectric element 472 is, for example, formed i
flat plate shape and is disposed in a part where a
end portion of the piston rod 483 and the fixed cla
are coupled to each other in a state of being sandw
by both members from both sides in the X-axis direc
Incidentally, the vertical direction load measuring
piezoelectric element 471 and the horizontal direct
load measuring piezoelectric element 472 are formed
material similar to that of the table side tensile
measuring unit 35 described earlier. A collecting
into which the protective tape 81 peeled off by the
peeling means 4 is dropped and which collects the
protective tape 81, for example, is disposed in a
position below a movement path of the gripping unit

The peeling apparatus 1 includes, for examp
control unit 19 that controls each configuration of
apparatus. The control unit 19 includes a central

processing unit (CPU) performing arithmetic process
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according to a control program, a storage medium su
a memory, and the like. The control unit 19 is
electrically connected to the table moving means 13
X-axis direction moving means 46, the gripping unit
supporting unit 48 such as an electric cylinder tha
vertically moves the gripping unit 41, and the like
wired or wireless communication path not illustrate
Control of moving speed in the X-axis direction of
holding means 30 sucking and holding the plate-shap
work piece 80 and positioning control of the holdin
means 30 with respect to the gripping unit 41 and t
like are performed under control on the table movin
means 13 by the control unit 19. In addition, cont
moving speed of the gripping unit 41 gripping the p
tape 83 affixed to the protective tape 81 of the pl
shaped work piece 80, positioning control of the gr
unit 41, and the like are performed under control o
X-axis direction moving means 46 and the gripping u
supporting unit 48 by the control unit 19. Inciden

for example, the control of the X-axis direction mo
means 46 by the control unit 19 is performed by con
of rotational speed of the motor 462. In addition,
control unit 19 can receive, from the table side te

load measuring unit 35 and the gripping unit side t
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load measuring unit 47, information regarding tensi
loads measured by the respective load measuring uni

In a case where the motor 132 of the table
means 13 is a servomotor, for example, a rotary enc
of the servomotor is connected to the control unit
having a function as a servo amplifier. After an
operating signal is supplied from an output interfa
the control unit 19 to the servomotor, the rotary e
outputs the rotational speed of the servomotor as a
encoder signal to an input interface of the control
19. Then, the control unit 19 that have received t
encoder signal can successively identify an amount
movement of the holding means 30 on the basis of th
rotational angle of the motor 132, and thereby
successively identify the position in the X-axis
direction of the holding means 30.

Next, a case where the protective tape 81 i
off from the plate-shaped work piece 80 by using th
peeling apparatus 1 illustrated in FIG. 1 will be
described. First, the plate-shaped work piece 80
integrated with the annular frame 84 is mounted on
holding surface 302 of the holding means 30 in a st
which the protective tape 81 is oriented upward, an

annular frame 84 is mounted on the frame fixing mea
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disposed on the peripheral side of the holding mean
Next, the suction source not illustrated is actuate
that the holding surface 302 sucks and holds the pl
shaped work piece 80, and the frame fixing means 32
and fixes the annular frame 84. Then, the annular
84 is, for example, lowered to a position lower tha
holding surface 302.

The pair of guide rollers 421 illustrated i
feeds the peeling tape 83 from the tape roll 831 to
the gripping unit 41. When the adhesive layer side
(inside) of the peeling tape 83 is mounted on the
mounting surface 404 of the mounting base 400 of th
cutting means 40 and further one end of the peeling
83 is positioned on the upper surface of the fixed
4121 of the gripping unit 41, the movable claw 4122
approaches the fixed claw 4121, and the gripping un
grips the one end of the peeling tape 83. Next, th
axis direction moving means 46 moves the gripping u
in a -X direction, so that the gripped peeling tape
pulled in the same direction. In this stage, the p
plate 442 of the peeling tape affixing means 44 and
cutter 401 of the tape cutting means 40 stand by on
upward side of the peeling tape 83.

The holding means 30, for example, moves in
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direction and positions the outer circumferential p
the protective tape 81 directly below the peeling t
affixing means 44. Next, the pressing plate 442 he
the internally provided heater not illustrated is
lowered, and the peeling tape 83 is pressed against
outer circumferential part of the protective tape 8
above by a lower end of the pressing plate 442, the
thermally welding the adhesive layer of the peeling
83 to the protective tape 81.

In this state, the cutter 401 is positioned
position of one end of the groove 405 of the mounti
base 400 exposed from one lateral edge side of the
peeling tape 83. Further, the cutter raising and |
means 403 lowers the cutter 401 until a lowermost e
the cutter 401 reaches the inside of the groove 405
Further, the cutter 401 travels in a -Y direction a
the extending direction of the groove 405, and ther
the cutter 401 cuts the peeling tape 83. After the
401 cuts the peeling tape 83, the cutter 401 and th
pressing plate 442 rise in a +Z direction and retra
from the peeling tape 83.
(Embodiment A of Peeling off Protective Tape 81 in
Peeling Apparatus 1)

A case where, upon peeling off the protecti
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81, the holding means 30 is moved in the X-axis dir
and where the gripping unit 41 is positioned at a
predetermined distance from the holding surface 302
the holding means 30 and is thereafter moved in a
horizontal direction will be described.

The gripping unit 41 gripping the peeling t
moves in the +Z direction, and a part of the protec
tape 81 is peeled from the one surface 800 of the p
shaped work piece 80. Next, the X-axis direction m
means 46 moves the gripping unit 41 in the -X direc
In addition, the table moving means 13 moves the ho
means 30 in the +X direction. The gripping unit 41
thus relatively moved from the outer circumferentia
to the center of the plate-shaped work piece 80 in
radial direction such that the protective tape 81 i
peeled off from the plate-shaped work piece 80.
Incidentally, the occurrence of a break in the prot
tape 81 which may occur during the peeling of the
protective tape 81 may be suppressed by disposing a
rotating roller not illustrated above the movement
of the holding means 30 and then performing the pee
while the protective tape 81 is brought into contac
the rotating roller.

Incidentally, for example, because it is su
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if the protective tape 81 can be peeled off from th
plate-shaped work piece 80 by relatively moving the
gripping unit 41 from the outer circumferential edg
the center of the plate-shaped work piece 80 in the
radial direction, the protective tape 81 may be pee
off by moving only the gripping unit 41 in the -X
direction without moving the holding means 30 in th
direction, for example.

In the present embodiment, upon peeling off
protective tape 81 from the above-described plate-s
work piece 80, the gripping unit side tensile load
measuring unit 47 illustrated in FIG. 2 can accurat
measure a tensile load applied to the peeling tape
integrated with the protective tape 81 interposed b
the gripping unit 41 and the holding surface 302.

The measurement of the tensile load by the
unit side tensile load measuring unit 47 is, for ex
performed by the vertical direction load measuring
piezoelectric element 471 and the horizontal direct
load measuring piezoelectric element 472. Incident
as illustrated in FIG. 2, a part of the configurati
the peeling means 4, the holding means 30, and the
are simplified.

In FIG. 2, an arrow F1 directed obliquely u
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represents a tensile load F1 applied to the peeling
83 integrated with the protective tape 81 interpose
between the gripping unit 41 and the holding surfac
of the holding means 30. The tensile load F1 is a
load F1 obtained by combining an X-axis direction t
load Fx1 whose direction illustrated in FIG. 2 is t
direction and a Z-axis direction tensile load Fz1 w
direction is the +Z direction. Then, the following
Equation 1 holds from the Pythagorean theorem.

(X-axis direction tensile load Fx1)
direction tensile load Fz1) 2 = (tensile load
F1) 2 ...(Equation 1)

Here, the horizontal direction load measuri
piezoelectric element 472 measures the X-axis direc
tensile load Fx1 at predetermined time intervals.
Specifically, the X-axis direction tensile load Fx1
slightly deforms the horizontal direction load meas
piezoelectric element 472, and a potential differen
corresponding to the load occurs in the horizontal
direction load measuring piezoelectric element 472.
the potential difference occurs in the horizontal
direction load measuring piezoelectric element 472,
load detection signal is sent from the horizontal

direction load measuring piezoelectric element 472
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control unit 19 illustrated in FIG. 1 in each
measurement. In addition, the vertical direction |
measuring piezoelectric element 471 measures the Z-
direction tensile load Fz1 at predetermined time
intervals and sends a load detection signal to the
control unit 19 in each measurement.

The control unit 19 performs arithmetic pro
that substitutes an actually measured value of the
direction tensile load Fx1 and an actually measured
of the Z-axis direction tensile load Fz1 into the
Equation 1, and thereby measures the tensile load F
predetermined time intervals. Then, the control un
uses the tensile load F1 measured at predetermined
intervals, as information for optimizing the operat
peeling off the protective tape 81 by the peeling m
4. That is, on the basis of the value of the tensi
F1 measured at predetermined time intervals, the co
unit 19 optimizes the speed of movement in the -X
direction of the gripping unit 41 by the X-axis dir
moving means 46, for example. As a result, feedbac
control is performed such that the tensile load F1
applied when the gripping unit 41 peels off the pee
tape 83 integrated with the protective tape 81 beco

such an optimum tensile load that prevents a crack
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plate-shaped work piece 80 and prevents the remaini
a glue on the plate-shaped work piece 80 or the lik
addition, the peeling speed of the gripping unit 41
not too slow, so that the protective tape 81 is pee
from the plate-shaped work piece 80 without taking
unnecessary time.

When the protective tape 81 is completely p
off from the one surface 800 of the plate-shaped wo
piece 80, the gripping unit 41 gripping the peeling
83 affixed to the protective tape 81 is moved to a
position above the collecting box 17. Then, the gr
unit 41 releases the gripping of the peeling tape 8
drops the protective tape 81 and the peeling tape 8
the collecting box 17.

As in the present embodiment, because the
protective member protecting the plate-shaped work
80 is the protective tape 81 and the peeling tape
affixing means 44 that affixes the peeling tape 83
outer circumferential part of the protective tape 8
provided, the gripping unit 41 grips the peeling ta
affixed to the protective tape 81 instead of grippi
outer circumferential part of the protective tape 8
the gripping unit side tensile load measuring unit

measures the tensile load applied to the peeling ta
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integrated with the protective tape 81 interposed b
the gripping unit 41 and the holding surface 302 in
of measuring the tensile load applied to the protec
tape 81. The peeling operation of the peeling mean
thus be optimized.

(Embodiment B of Peeling off Protective Tape 81 in
Peeling Apparatus 1)

A case where, as illustrated in FIG. 3, the
means 30 is moved in the X-axis direction and the
gripping unit 41 is not moved by the X-axis directi
moving means 46 when the protective tape 81 is furt
peeled off after the gripping unit 41 gripping the
peeling tape 83 is moved in the +Z direction and a
of the protective tape 81 is peeled from the one su
800 of the plate-shaped work piece 80, will be desc
In the present case, the gripping unit 41 is stoppe
predetermined height position and a predetermined
position P2 in the X-axis direction, and the contro
19 recognizes the height position and the position
the X-axis direction at which the gripping unit 41
located.

The protective tape 81 is peeled from the p
shaped work piece 80 by moving the holding means 30

the +X direction by the table moving means 13 and
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relatively moving the gripping unit 41 whose moveme
stopped, from the outer circumferential edge to the
center of the plate-shaped work piece 80 in the rad
direction. Incidentally, the occurrence of a break
protective tape 81 which may occur during the peeli
the protective tape 81 may be suppressed by disposi
rotating roller not illustrated above the movement

of the holding means 30 and then performing the pee
while the protective tape 81 is brought into contac
the rotating roller.

In the present embodiment, upon peeling off
protective tape 81 from the above-described plate-s
work piece 80, the table side tensile load measurin
35 measures a tensile load applied to the peeling t
integrated with the protective tape 81 interposed b
the gripping unit 41 and the holding surface 302.

In FIG. 3, an arrow F2 represents a tensile
applied to the peeling tape 83 integrated with the
protective tape 81 interposed between the gripping
41 and the holding surface 302 of the holding means
The tensile load F2 is a tensile load F2 obtained b
combining an X-axis direction tensile load Fx2 whos
direction is the -X direction and a Z-axis directio

tensile load Fz2 whose direction is the +Z directio
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X-axis direction tensile load Fx2 and the Z-axis
direction tensile load Fz2 being illustrated in FIG

An arrow R1 illustrated in FIG. 3 represent
first measured load R1 that can be measured in the
direction at predetermined time intervals by the fi
table side tensile load measuring unit 351. The fi
measured load R1, for example, has a direction in a
direction. Information regarding the value of the
measured load R1 is sent to the control unit 19 at
predetermined time intervals.

An arrow R2 represents a second measured lo
that can be measured in the Z-axis direction at
predetermined time intervals by the second table si
tensile load measuring unit 352. The second measur
R2, for example, has a direction in the +Z directio
Information regarding the value of the second measu
load R2 is sent to the control unit 19 at predeterm
time intervals.

A distance L2 in the X-axis direction betwe
first table side tensile load measuring unit 351 an
second table side tensile load measuring unit 352
illustrated in FIG. 3 is an apparatus design value
recognized by the control unit 19 in advance and is

constant.
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A changing distance M in the X-axis directi
the first table side tensile load measuring unit 35
the gripping unit 41 whose movement in the X-axis
direction is stopped and which is located at the po
P2 is a variable that changes when the holding mean
moves in the X-axis direction. Incidentally, the c
unit 19 can grasp the position of the first table s
tensile load measuring unit 351 moving together wit
movable member 133, on the basis of the encoder sig
fed back from the rotary encoder of the motor 132
(servomotor 132) of the table moving means 13 to th
control unit 19. Therefore, the control unit 19 ca
successively recognize the value of the changing di
M at predetermined time intervals.

A distance N in the Z-axis direction betwee
first table side tensile load measuring unit 351 wh
height position is recognized by the control unit 1
the gripping unit 41 stopped at the position P2 is
constant recognized by the control unit 19 in advan

The following Equation 2 holds from the Pyt
theorem.

(X-axis direction tensile load Fx2)
direction tensile load Fz2) 2 = (tensile load

F2) 2 ...(Equation 2)
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In addition, the following Equation 3 holds
balance of forces in the Z-axis direction.

(Z-axis direction tensile load Fz2) = (firs
measured load R1) + (second measured load
R2) ...(Equation 3)

Further, the following Equation 4 holds fro
balance of moments about the first table side tensi
load measuring unit 351 in a case where the first t
side tensile load measuring unit 351 is assumed to
origin.

(X-axis direction tensile load Fx2) x (dist
as a constant) = (second measured load R2) x (dista
L2) + (Z-axis direction tensile load Fz2) x (changi
distance M) ...(Equation 4)

From the Equation 3, the control unit 19 ca
measure the Z-axis direction tensile load Fz2 at
predetermined time intervals. In addition, the con
unit 19 can measure the X-axis direction tensile lo
at predetermined time intervals from the following
Equation 5 obtained by modifying the Equation 4.

(X-axis direction tensile load Fx2) = {(sec
measured load R2) x (distance L2) + (Z-axis directi
tensile load Fz2) x (changing distance M)}/(distanc

a constant) ...(Equation 5)
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The control unit 19 performs arithmetic pro
that substitutes the value of the X-axis direction
tensile load Fx2 and the value of the Z-axis direct
tensile load Fz2 into the Equation 2, and thereby
measures the tensile load F2 at predetermined time
intervals. Then, the control unit 19 uses the tens
load F2 measured at predetermined time intervals, a
information for optimizing the operation of peeling
the protective tape 81 by the peeling means 4. Tha
on the basis of the value of the tensile load F2 me
at predetermined time intervals, the control unit 1
optimizes the speed of movement of the holding mean
by the table moving means 13, for example. As a re
feedback control is performed such that the tensile
F2 applied when the gripping unit 41 peels off the
peeling tape 83 integrated with the protective tape
becomes such an optimum tensile load that prevents
crack in the plate-shaped work piece 80 and prevent
remaining of a glue on the plate-shaped work piece
the like. In addition, the peeling speed of the gr
unit 41 moving in the X-axis direction relative to
moving holding means 30 is not too slow, so that th
protective tape 81 is peeled from the plate-shaped

piece 80 without taking an unnecessary time.
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When the table side tensile load measuring
that is, the first table side tensile load measurin
351 and the second table side tensile load measurin
352, are formed by piezoelectric elements arranged
supporting portion 31 supporting the holding means
in the present embodiment, the tensile load applied
the protective tape 81 as the protective member can
measured accurately.

When the protective tape 81 is completely p
off from the one surface 800 of the plate-shaped wo
piece 80, the gripping unit 41 gripping the peeling
83 affixed to the protective tape 81 is moved to a
position above the collecting box 17. Then, the gr
unit 41 releases the gripping of the peeling tape 8
drops the protective tape 81 and the peeling tape 8
the collecting box 17.

The peeling apparatus 1 of the first embodi
according to the present invention is not limited t
foregoing embodiment and may, needless to say, be
implemented in various different forms within the s
of the technical concept thereof. In addition, the
and the like of each constituent element of the pee
apparatus 1 illustrated in the accompanying drawing

not limited to this either and can be changed as
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appropriate within a scope in which effects of the
present invention can be exerted.

For example, as illustrated in FIG. 4, the
shaped work piece 80 may have a notch portion 806 i
outer circumferential part thereof. The notch port
is, for example, a notch as a mark indicating a cry
orientation. The notch portion 806 is formed in th
circumferential edge of the plate-shaped work piece
a state of being recessed inward in the radial dire
toward the center of the plate-shaped work piece 80
Alternatively, the notch portion 806 may be an
orientation flat. In this case, the notch portion
formed by flatly cutting away a part of the periphe
the plate-shaped work piece 80.

As illustrated in FIG. 4, for example, the
means 30 illustrated in FIG. 1 may include a partia
peeling unit 34 that peels the protective tape 81 i
vicinity of the notch portion 806 from the plate-sh
work piece 80 by thrusting up a part of the protect
tape 81 which is located at the notch portion 806 o
plate-shaped work piece 80 but is not affixed to th
plate-shaped work piece 80. Then, for example, the
gripping unit 41 illustrated in FIG. 1 may grip the

circumferential part of the protective tape 81 whic
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peeled off by the partial peeling unit 34, and peel
the protective tape 81 from the plate-shaped work p
80.

A circular through hole 341 that constitute
partial peeling unit 34 and penetrates the holding
surface 302 and the lower surface of the holding me
(lower surface of the frame body 301) is formed in
periphery of the holding surface 302 so as to corre
to the notch portion 806 of the plate-shaped work p
80 mounted on the holding surface 302. Specificall
through hole 341 is disposed in the holding surface
such that a distance from the center of the plate-s
work piece 80 to the notch portion 806 coincides wi
distance from the center of the holding surface 302
the through hole 341.

In addition, the diameter of the through ho
is, for example, set slightly smaller than the widt
the notch portion 806. A thrusting pin 342 that th
up a part of the protective tape 81 affixed to the
surface 800 of the plate-shaped work piece 80 is pr
immediately below the through hole 341 of the parti
peeling unit 34 so as to be vertically movable by a

vertical driving unit 345. The thrusting pin 342 i

formed in a rod shape extending in the upward-downw
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direction. The outside diameter of the thrusting p
is slightly smaller than that of the through hole 3
end (upper end) of the thrusting pin 342, for examp
has a pointed shape, so that the thrusting pin 342
pierce the dicing tape 82 affixed to the other surf
801 of the plate-shaped work piece 80.

In addition, a jetting hole not illustrated
jets a fluid from the end, for example, is formed i
thrusting pin 342 along the extending direction of
thrusting pin 342. A lower end of the jetting hole
connected with a fluid supply source 347 via a valv
When the valve 346 is opened, a fluid is supplied i
the thrusting pin 342 from the fluid supply source
It is to be noted that the fluid supplied from the
supply source 347 is not particularly limited. Sup
the present embodiment that a compressed air is use
the fluid.

The vertical driving unit 345 is, for examp
formed by a guide actuator driven by air or a motor
vertical driving unit 345 can vertically move the
thrusting pin 342 while guiding the thrusting pin 3
the upward-downward direction within the through ho
of the holding means 30.

Thus, the thrusting pin 342 is configured t
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raised by the vertical driving unit 345 while air i
jetted from the outlet of the jetting hole, and to
the dicing tape 82. In addition, the thrusting pin
can project from the holding surface 302 after pier
the dicing tape 82, and thrust up the protective ta
over the notch portion 806 of the plate-shaped work
80. That is, while the protective tape 81 is float
jetting air from the jetting hole of the thrusting
342, the thrusting pin 342 is further raised to thr
the outer circumferential part of the protective ta
or while the thrusting pin 342 is raised to thrust
outer circumferential part of the protective tape 8
is jetted from the jetting hole, and therefore, the
circumferential part of the protective tape 81 is p
off from the plate-shaped work piece 80.

Then, the gripping unit 41 illustrated in F
can peel off the protective tape 81 from the plate-
work piece 80 while gripping the outer circumferent
part of the protective tape 81 peeled off by the pa
peeling unit 34.
(Second Embodiment of Peeling Apparatus)

A peeling apparatus 2 according to the pres
invention which is illustrated in FIG. 5 (the peeli

apparatus will hereinafter be referred to as the pe
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apparatus 2 according to a second embodiment) is an
example of a peeling apparatus that peels off a
protective member 85 affixed to one surface 800 of
plate-shaped work piece 80, the one surface 800 bei
lower surface of the plate-shaped work piece 80 in

5. The peeling apparatus 2 includes at least holdi
means 50 that holds another surface 801 of the plat
shaped work piece 80 by a holding surface 502; and
peeling means 6 that grips an outer circumferential
of the protective member 85 covering the one surfac
of the plate-shaped work piece 80 held on the holdi
surface 502, peels the protective member 85 from an
circumference to a center of the plate-shaped work
80, and further peels the protective member 85 from
center to an outer circumference on an opposite sid
the outer circumference.

The protective member 85 affixed so as to ¢
whole of the one surface 800 of the plate-shaped wo
piece 80 which surface faces downward is, for examp
protective member including a resin film 87 (see FlI
and a circular sheet 86. The resin film 87 is form
protective member forming apparatus not illustrated
pressing the one surface 800 of the plate-shaped wo

piece 80 against a liquid resin supplied onto the
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circular sheet 86 having a larger diameter than the
plate-shaped work piece 80 to spread the liquid res
from the center to the outer circumference side of
plate-shaped work piece 80, distributing the liquid
on the whole of the one surface 800, and thereafter
curing the liquid resin by irradiating the liquid r
with ultraviolet rays, for example. In the present
embodiment, the protective member 85 includes a
protruding portion 850 illustrated in FIG. 6. The
protruding portion 850 is formed by the circular sh
and the resin film 87 and slightly protrudes outwar
the radial direction from the outer circumference o
plate-shaped work piece 80.

A column 21 is erected on a rearward side (
direction side) of a base 20 of the peeling apparat
illustrated in FIG. 5. An upper portion of the fro

surface on the +X direction side of the column 21 i

provided with pad moving means 60 that causes the h

means 50 disposed on a movable plate 601 to recipro

in the Y-axis direction through rotating a ball scr
by a motor 602.

The pad moving means 60 is a part of the pe

means 6. The pad moving means 60 functions as movi

means that moves a gripping unit 61 and the holding
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50 relative to each other in the Y-axis direction
parallel with the holding surface 502, leads the gr
unit 61 from an outer circumference to a center of
holding surface 502, and then moves the gripping un
passing the center of the holding surface 502 on a
straight line in such a direction that the gripping
61 moves away from the center.

Pad raising and lowering means 66 that caus
holding means 50 to reciprocate in the Z-axis direc

is disposed on the movable plate 601. The pad rais

lowering means 66 causes the holding means 50 dispo

a movable plate 661 to reciprocate in the Z-axis
direction through rotating a ball screw 660 by a mo
662.

The holding means 50 that holds the other s
801 of the plate-shaped work piece 80 by the holdin
surface 502 is supported by an arm portion 52 that
one end fixed on the movable plate 661 and extends
X-axis direction, and is attached to the lower surf
side of another end on the +X direction side of the
portion 52 via a supporting portion 53.

As illustrated in FIG. 6, the holding means
the present embodiment is a suction holding pad. T

holding means 50 includes a sucking portion 500 tha

46

ipping
the

it 61

unit

es the
tion
ing and

sed on

tor

urface
g
has
in the
ace

arm

50 in
he

tis



formed by a porous member and sucks the plate-shape

piece 80, and a frame body 501 that supports the su
portion 500. The sucking portion 500 communicates
suction source not illustrated via a suction pipe 5
via a resin tube, a joint, or the like. A suction
produced by the suction source is transmitted to th
flush holding surface 502 formed by an exposed surf
the sucking portion 500 and a lower surface of the
body 501. The holding means 50 thereby sucks and h
the plate-shaped work piece 80 on the holding surfa
502.

The supporting portion 53 illustrated in FI
an external shape in the form of an annular plate,
example. The upper surface of the supporting porti
is connected to the lower surface of the arm portio
by a fixing bolt not illustrated or the like. A pa
tensile load measuring unit 64 is attached to the |
surface of the supporting portion 53. The pad side
tensile load measuring unit 64 serves as a tensile
measuring unit that measures a tensile load applied
the protective member 85 interposed between the gri
unit 61 and the holding surface 502.

The pad side tensile load measuring unit 64

formed by piezoelectric elements arranged on the
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supporting portion 53 supporting the holding means
That is, for example, the pad side tensile load mea
unit 64 is piezoelectric elements such as barium ti
formed in a cylindrical shape or a prismatic shape,
is disposed in two parts opposed to each other int
axis direction (only one part is illustrated in FIG
S0 as to couple the supporting portion 53 and the h
means 50 to each other and support the weight of th
holding means 50. That is, the pad side tensile lo
measuring unit 64 includes a first pad side tensile
measuring unit 641 and a second pad side tensile lo
measuring unit 642 illustrated in FIG. 6.

On an intermediate portion of the front sur
the +X direction side of the column 21 illustrated
FIG. 5, that is, below the movement path of the hol
means 50, the following are arranged alongside of e
other in order from the +Z direction side: a rotati
roller 211 having an axis in the X-axis direction;
constituent elements of the peeling means 6; a moun
table 27 on which the protective member 85 peeled o
from the plate-shaped work piece 80 is to be mounte
dropping means 26 that drops the protective member
peeled off and mounted on the mounting table 27 int

dust box 28.
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The peeling means 6 includes the gripping u
that grips the outer circumferential part of the
protective member 85 (protruding portion 850 as the
circumferential part in the present embodiment); mo
means 63 that moves the gripping unit 61 and the ho
means 50 relative to each other in a direction para
with the holding surface 502 (Y-axis direction), le
the gripping unit 61 from the outer circumference t
center of the holding surface 502, and then moves t
gripping unit 61 passing the center of the holding
surface 502 on a straight line in such a direction
the gripping unit 61 moves away from the center; an
pad side tensile load measuring unit 64 as a tensil
measuring unit that measures a tensile load applied
the protective member 85 interposed between the gri
unit 61 and the holding surface 502.

Incidentally, the moving means 63 will be r
to as gripping unit moving means 63 in the followin
description. The gripping unit moving means 63 inc
ball screw 630 having an axis in the Y-axis directi
pair of guide rails 631 arranged in parallel with t
ball screw 630; a motor 632 that rotates the ball s
630; and a movable block 633 having an internal nut

screwed on the ball screw 630 and having a side por
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in sliding contact with the guide rails 631. When
motor 632 rotates the ball screw 630, the movable b
633 correspondingly moves in the Y-axis direction w
guided by the guide rails 631, and the gripping uni
disposed on the movable block 633 moves in the Y-ax
direction as the movable block 633 moves.

An arm type housing 681 that rotatably supp
spindle 680 whose axial direction is the X-axis dir
is attached to a side surface of the movable block
coupling block 614 that supports the gripping unit
attached to a coupling member 616 disposed on a dis
end on the +X direction side of the spindle 680, vi
vertical direction load measuring piezoelectric ele
673 of a gripping unit side tensile load measuring
67. A clamp base portion 610 that supports a gripp
clamp 612 of the gripping unit 61 is attached to th
coupling block 614 via a horizontal direction load
measuring piezoelectric element 674 of the gripping
side tensile load measuring unit 67. In addition,
not illustrated, the arm type housing 681 can be ra
and lowered in the Z-axis direction by raising and
lowering means such as a ball screw mechanism not
illustrated, and the gripping unit 61 can also be r

and lowered in the Z-axis direction.
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The gripping clamp 612 can sandwich a gripp
target between a pair of gripping plates that can
approach and separate from each other. The angle o
gripping clamp 612 with respect to the gripping tar
can be changed by rotation of the spindle 680.

The gripping unit side tensile load measuri
67 as a tensile load measuring unit that measures a
tensile load applied to the protective member 85
interposed between the gripping unit 61 and the hol
surface 502 of the holding means 50 includes, for
example, the horizontal direction load measuring
piezoelectric element 674 of barium titanate or the
which is formed in a flat plate shape, and the vert
direction load measuring piezoelectric element 673
flat plate shape which is formed of a similar mater
The vertical direction load measuring piezoelectric
element 673 is disposed in a state of being sandwic
from the Z-axis direction between the lower surface
the block-shaped coupling member 616 attached to th
distal end side of the spindle 680 and the upper su
of the coupling block 614. In addition, the horizo
direction load measuring piezoelectric element 674
disposed in a state of being sandwiched by the coup

block 614 and the clamp base portion 610 of the gri
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unit 61 from both sides in the Y-axis direction.

The rotating roller 211 illustrated in FIG.
example, has an external shape formed in a cylindri
shape. The rotating roller 211 is rotated about an
in the X-axis direction by a motor not illustrated.
example, the rotating roller 211 plays a role of
preventing a break that can occur in the resin film
illustrated in FIG. 6 during the peeling of the
protective member 85, by abutting against the prote
member 85. Incidentally, the rotating roller 211 m
movable in the Y-axis direction.

The mounting table 27 on which the protecti
member 85 peeled from the plate-shaped work piece 8
mounted, for example, has a substantially rectangul
external shape and has a mounting surface in a duck
shape. Specifically, the mounting table 27 has a
configuration obtained by aligning plate-shaped lin
members 271 in parallel with each other with longit
directions thereof set in the Y-axis direction and
equal intervals in the X-axis direction so as to fo
gaps between the linear members 271, and then coupl
and fixing one end on the +Y axis direction side of
linear member 271 by a rod-shaped coupling part not

illustrated. For example, the mounting table 27 is
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to a side surface on the +X direction side of the ¢

21 by the rod-shaped coupling part not illustrated
couples each linear member 271, and the mounting ta
is disposed below the movement path of the gripping

The dropping means 26 that drops the protec
member 85 mounted on the mounting table 27 includes
ball screw 260 having an axis in the Y-axis directi
pair of guide rails 261 arranged in parallel with t
ball screw 260; a motor 262 that rotates the ball s
260; a movable member 263 in substantially the shap
an L as viewed from the side, the movable member 26
having an internal nut screwed on the ball screw 26
having a side portion 2631 in sliding contact with
guide rails 261; and thrusting pins 2634 arranged o
movable member 263.

The movable member 263 includes, for exampl
side portion 2631 screwed on the ball screw 260 and
base portion 2632 formed so as to project to the +X
direction side from the side surface of an upper en
of the side portion 2631. The two thrusting pins 2
projecting in the +Z direction are disposed on the
surface of the pin base portion 2632. The thrustin
2634 are arranged so as to be separated from each o

by a predetermined distance in the X-axis direction
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the motor 262 rotates the ball screw 260, the movab
member 263 correspondingly moves in the Y-axis dire
while guided by the guide rails 261, and the thrust

pins 2634 disposed on the movable member 263 move i
Y-axis direction so as to pass through the gaps bet

the linear members 271 of the mounting table 27.

The dust box 28 that houses the peeled prot
member 85 is disposed on the base 20. The dust box
for example, has an external shape formed in a
substantially rectangular parallelepipedic shape an
opens below an end on the +Y direction side of the
mounting table 27. A transmissive optical sensor
including a light emitting unit 280 (on the -Y dire
side) and a light receiving unit 281 (on the +Y dir
side), for example, is disposed on an upper portion
the dust box 28. The protective members 85 peeled
plate-shaped work pieces 80 and mounted on the moun
table 27 are dropped into the dust box 28 by the dr
means 26. If the protective members 85 are piled u
predetermined height within the dust box 28, inspec
light emitted from the light emitting unit 280 is
interrupted by the protective members 85, and an am
of light received by the light receiving unit 281

decreases. The optical sensor then detects that an
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of protective members 85 to be collected is accumul
within the dust box 28.

A table holding base 22 is attached at a po
within a movable range of the gripping unit 61 of t
peeling means 6 on the front surface of the column
for example. A transfer table 221 that mounts the
shaped work piece 80 from which the protective memb
is to be peeled off is disposed on the table holdin
22. The transfer table 221 can suck and hold the p
shaped work piece 80 mounted on the holding surface
the transfer table 221 in a state in which the one
surface 801 is oriented upward, for example.
Incidentally, a configuration in which the transfer
221 is not disposed on the table holding base 22 ma
be adopted.

A plurality of (for example, eight) pieces
outside part peeling means 23 that grip the protrud
portion 850 and peel the outside part of the protec
member 85 from the plate-shaped work piece 80 are
arranged on the table holding base 22 at fixed inte
in a circumferential direction with the transfer ta
221 at a center. Incidentally, FIG. 5 illustrates
configuration of outside part peeling means 23 in d

on an enlarged scale.
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The outside part peeling means 23 include a
protruding portion gripping unit 230 that grips the
protruding portion 850; a vertical moving unit not
illustrated that moves the protruding portion gripp ing
unit 230 in the Z-axis direction (vertical directio n);

and a horizontal moving unit 234 that moves the

protruding portion gripping unit 230 in the horizon tal
direction.

As illustrated in FIG. 3, the horizontal mo ving
unit 234 causes the protruding portion gripping uni t 230
that is disposed on a slider 2342 formed in the sha pe of
an L as viewed from the side, for example, via a ve rtical
moving unit not illustrated, to reciprocate in the radial
direction of the transfer table 221 by rotating a b all
screw 2341 extending in the horizontal direction by a
motor 2340. The vertical moving unit not illustrat edis,
for example, formed by a ball screw mechanism or th e
like.

The protruding portion gripping unit 230 in cludes a

gripping base 2301 in a substantially rectangular

parallelepipedic shape, a cylinder mechanism 2303

disposed on a side surface of the gripping base 230 1, and
a gripping plate 2302 moved up and down in the Z-ax is
direction by the cylinder mechanism 2303. The prot ruding

56



portion gripping unit 230 can sandwich a gripping t
between the upper surface of the gripping base 2301
the lower surface of the gripping plate 2302. Each
protruding portion gripping unit 230 is disposed su
that an opening part between the gripping plate 230
the gripping base 2301 is directed to the transfer
221 side.

The peeling apparatus 2 includes, for examp
control unit 29 that controls each configuration of
apparatus. The control unit 29 includes a CPU perf
arithmetic processing according to a control progra
storage medium such as a memory, and the like. The
control unit 29 is electrically connected to the pa
moving means 60, the pad raising and lowering means
the gripping unit moving means 63, and the like via
wired or wireless communication path not illustrate
Control of moving speed in the Y-axis direction and
Z-axis direction of the holding means 50 sucking an
holding the plate-shaped work piece 80 and position
control of the holding means 50 with respect to the
gripping unit 61 and the like are performed under c
on the pad moving means 60 and the pad raising and
lowering means 66 by the control unit 29. In addit

control of moving speed of the gripping unit 61 gri
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the protruding portion 850 of the protective member
protecting the plate-shaped work piece 80, position
control of the gripping unit 61, and the like are
performed under control on the gripping unit moving
63 by the control unit 29. In addition, the contro

19 can receive, from the pad side tensile load meas
unit 64 and the gripping unit side tensile load mea
unit 67, information regarding tensile loads measur
the respective load measuring units.

In a case where the motor 602 of the pad mo
means is a servomotor, for example, a rotary encode
the servomotor is connected to the control unit 29
a function as a servo amplifier. After an operatin
signal is supplied from an output interface of the
control unit 29 to the servomotor, the rotary encod
outputs the rotational speed of the servomotor as a
encoder signal to an input interface of the control
29. Then, the control unit 29 that have received t
encoder signal can successively identify an amount
movement of the holding means 50 on the basis of th
rotational angle of the servomotor, and thereby
successively identify the position in the Y-axis
direction of the holding means 50.

In the following, operation of the peeling
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apparatus 2 in a case where the protective member 8
peeled off from the plate-shaped work piece 80
illustrated in FIG. 5 will be described. First, th
plate-shaped work piece 80 after being ground, for
example, as illustrated in FIG. 5 is mounted on the
transfer table 221 such that the other surface 801
ground surface is on an upper side. The holding me
is moved in the +Y direction and is positioned abov
plate-shaped work piece 80 such that the center of
holding surface 502 substantially coincides with th
center of the other surface 801 of the plate-shaped
piece 80. Further, the holding means 50 is lowered
the holding surface 502 is brought into contact wit
other surface 801 of the plate-shaped work piece 80
Further, a suction force produced by suction of a s
source not illustrated is transmitted to the holdin
surface 502. The holding means 50 thereby sucks an
the other surface 801 of the plate-shaped work piec
with the protective member 85 on a lower side.

The holding means 50 sucking and holding th
shaped work piece 80, for example, rises and separa
the plate-shaped work piece 80 from the transfer ta
221. Next, the protruding portion gripping units 2

positioned, by vertical moving units not illustrate
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a predetermined height position at which the protru ding
portion gripping units 230 can grip the protruding
portion 850 of the protective member 85.

In addition, each horizontal moving unit 23 4 moves

each protruding portion gripping unit 230 in the

horizontal direction and performs positioning in th e
radial direction between the protruding portion gri pping
unit 230 and the protruding portion 850 of the prot ective
member 85. The gripping plate 2302 is lowered by t he

cylinder mechanism 2303, and the protruding portion

gripping unit 230 grips the protruding portion 850 of the
protective member 85. Incidentally, for example, t he
gripping of the protruding portion 850 of the prote ctive

member 85 of the plate-shaped work piece 80 by the
protruding portion gripping unit 230 may be perform edin
a state in which the plate-shaped work piece 80 is held
on the transfer table 221.

Next, each horizontal moving unit 234 moves each
protruding portion gripping unit 230 gripping the
protruding portion 850 of the protective member 85 of the
plate-shaped work piece 80, to the outside in the r adial
direction of the plate-shaped work piece 80. The
protruding portion gripping unit 230 thereby pulls and

expands the protruding portion 850 to the outside i n the
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radial direction. Then, the above-described moveme
the protruding portion gripping unit 230 easily pee
the resin film 87 adhering to the outer circumferen
part of the plate-shaped work piece 80 from the out
circumferential edge of the plate-shaped work piece
the outside in the radial direction due to an expan
force applied to the resin film 87 (see FIG. 6) adh
to the outer circumferential part of the plate-shap
work piece 80 and an adhesive force acting between
circular sheet 86 and the resin film 87.

Next, for example, each protruding portion
unit 230 is lowered to a predetermined height posit
and the protruding portion 850 of the protective me
85 is peeled by being pulled downward from the plat
shaped work piece 80 to a certain extent. The prot
portion gripping unit 230 thereafter releases the
protruding portion 850 of the protective member 85.
Consequently, for example, the protruding portion 8
partly peeled at at least a total of eight position
the outer circumferential part of the plate-shaped
piece 80 at equal angles in the circumferential dir
with the center of the plate-shaped work piece 80 a
reference.

Next, the holding means 50 sucking and hold
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plate-shaped work piece 80 is lowered after being m
in the -Y direction until positioned above the rota
roller 211, and the side surface of the rotating ro
211 is made to abut against about an outer
circumferential portion on the +Y direction side of
lower surface of the protective member 85. The gri
unit moving means 63 moves the gripping unit 61 in
direction as illustrated in FIG. 6, positioning is
performed between the gripping clamp 612 and the
protruding portion 850 of the protective member 85,
the gripping clamp 612 grips the protruding portion
In the example illustrated in FIG. 6, the gripping
61 grips the protruding portion 850 of an outside p
not peeled from the plate-shaped work piece 80 in t
outside part of the protective member 85. However,
gripping unit 61 may grip the protruding portion 85
an outside part peeled from the plate-shaped work p
80 (protruding portion 850 on the -Y direction side
FIG. 6) in the outside part of the protective membe
After the gripping clamp 612 grips the prot
portion 850 as illustrated in FIG. 6, for example,
gripping clamp 612 slightly moves to the +Y directi
side, so that an outer circumferential part of the

film 87 is peeled off from the outer circumferentia
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of the plate-shaped work piece 80. Next, as illust

in FIG. 7 to FIG. 8, the spindle 680 is rotated by
degrees in a clockwise direction as viewed from the
direction side. The gripping clamp 612 thereby pul
protective member 85 in the -Z direction while the
film 87 of the protective member 85 is gently bent
to conform to the side surface of the rotating roll

in a state in which the rotating roller 211 support
lower surface side of the protective member 85. Th
part of the protective member 85 is peeled from the
surface 800 of the plate-shaped work piece 80.
(Embodiment C of Peeling off Protective Member 85 i
Peeling Apparatus 2)

A case where, in further peeling off the pr
member 85, the holding means 50 is moved in the Y-a
direction or where the gripping unit 61 is moved in
Y-axis direction with respect to the holding surfac
of the holding means 50 will be described.

The gripping unit moving means 63 illustrat
FIG. 5 moves the gripping unit 61 in the -Y directi
illustrated in FIG. 9. The holding means 50 may al
moved in the +Y direction by the pad moving means 6
FIG. 5). The gripping unit 61 is relatively moved

radial direction from the outer circumferential edg
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the center of the plate-shaped work piece 80, and t
protective member 85 is peeled from the plate-shape
piece 80. In addition, while the rotating roller 2
rotates about an axis in the X-axis direction and a

Is maintained in which the resin film 87 of the
protective member 85 is gently bent so as to confor
the side surface of the rotating roller 211, the
protective member 85 is peeled off from the outer
circumferential edge on the +Y direction side of th
plate-shaped work piece 80 to the center of the pla
shaped work piece 80. When a break occurs in the r
film 87 during the peeling of the protective member
the resin film 87 may partly be left on the plate-s

work piece 80 after the peeling, or the one surface

of the plate-shaped work piece 80 may be damaged by

application of an instantaneous impulsive force fro
resin film 87 to the one surface 800 of the plate-s
work piece 80 due to a reaction caused by the break
the resin. However, such problems can be prevented
because the side surface of the rotating roller 211
against the circular sheet 86.

In the present embodiment, upon peeling the
protective member 85 from the above-described plate

shaped work piece 80, the gripping unit side tensil
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measuring unit 67 can accurately measure a tensile
applied to the protective member 85 interposed betw
the gripping unit 61 and the holding surface 502.
measurement of the tensile load by the gripping uni
tensile load measuring unit 67 is, for example, per
by the vertical direction load measuring piezoelect
element 673 and the horizontal direction load measu
piezoelectric element 674.

In FIG. 9, an arrow F3 represents a tensile
applied to the protective member 85 interposed betw
the gripping unit 61 and the holding surface 502 of
holding means 50. Because the plate-shaped work pi
and the gripping unit 61 are separated from each ot
a predetermined distance in the Z-axis direction, t
tensile load F3 is a tensile load F3 obtained by
combining a Y-axis direction tensile load Fy3 whose
direction is the -Y direction and a Z-axis directio
tensile load Fz3 whose direction is the -Z directio
Y-axis direction tensile load Fy3 and the Z-axis
direction tensile load Fz3 being illustrated in FIG
Then, the following Equation 11 holds from the
Pythagorean theorem.

(Y-axis direction tensile load Fy3) 2 + (Z-axis

direction tensile load Fz3) 2 = (tensile load
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F3) 2 ...(Equation 11)

Here, the Y-axis direction tensile load Fy3
accurately measured by the horizontal direction loa
measuring piezoelectric element 674 at predetermine
intervals, and a load detection signal is sentto t
control unit 29 in each measurement. In addition,
axis direction tensile load Fz3 is accurately measu
the vertical direction load measuring piezoelectric
element 673 at predetermined time intervals, and a
detection signal is sent to the control unit 29 in
measurement.

The control unit 29 performs arithmetic pro
that substitutes an actually measured value of the
direction tensile load Fy3 and an actually measured
of the Z-axis direction tensile load Fz3 into the
Equation 11, and thereby measures the tensile load
predetermined time intervals. Then, the control un
uses the tensile load F3 measured at predetermined
intervals, as information for optimizing the operat
peeling off the protective member 85 by the peeling
6. That is, on the basis of the value of the tensi
F3 measured at predetermined time intervals, the co
unit 29 optimizes the speed of moving the gripping

61 by the gripping unit moving means 63, for exampl
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a result, feedback control is performed such that t
tensile load F3 applied when the gripping unit 61 p

off the protective member 85 becomes such an optimu
tensile load that prevents a crack in the plate-sha
work piece 80 and prevents the remaining of a glue
plate-shaped work piece 80 or the like. In additio
peeling speed of the gripping unit 61 is not too sl

that the protective member 85 is peeled from the pl
shaped work piece 80 without taking an unnecessary

When the protective member 85 is completely
off from the one surface 800 of the plate-shaped wo
piece 80, the gripping unit 61 gripping the protrud
portion 850 of the protective member 85 is moved to
position above the mounting table 27 illustrated in
5. Then, the gripping unit 61 releases the grippin
the protruding portion 850, and drops the protectiv
member 85 onto the mounting table 27.
(Embodiment D of Peeling off Protective Member 85 i
Peeling Apparatus 2)

A case where, upon peeling off the protecti
member 85, the holding means 50 is moved in the Y-a
direction and where the gripping unit 61 is not mov
the Y-axis direction as in the embodiment C will be

described. In this case, the rotating roller 211 i
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example, moved in the same direction as the moving
direction of the holding means 50. In the present

the gripping unit 61 rotated by 90 degrees as illus

in FIG. 10 from the state illustrated in FIG. 8 is
stopped at a predetermined height position and a po
P3 in the Y-axis direction, and the control unit 29
illustrated in FIG. 5 recognizes the height positio

the position P3 in the Y-axis direction at which th
gripping unit 61 is located.

The protective member 85 is peeled from the
shaped work piece 80 by moving the holding means 50
the +Y direction by the pad moving means 60 and
relatively moving the gripping unit 61 whose moveme
stopped from the outer circumferential edge to the
of the plate-shaped work piece 80 in the radial
direction. Incidentally, a crack or the like is pr
in the resin film 87 because the side surface of th
rotating roller 211 abuts against the circular shee

In the present embodiment, upon peeling the
protective member 85 from the above-described plate
shaped work piece 80, the pad side tensile load mea
unit 64 measures a tensile load applied to the prot
member 85 interposed between the gripping unit 61 a

holding surface 502. In FIG. 10, an arrow F4 repre
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tensile load F4 applied to the protective member 85
interposed between the gripping unit 61 and the hol
surface 502 of the holding means 50. The tensile |
is a tensile load F4 obtained by combining a Y-axis
direction tensile load Fy4 whose direction is the -
direction and a Z-axis direction tensile load Fz4 w
direction is the -Z direction, the Y-axis direction
tensile load Fy4 and the Z-axis direction tensile |
Fz4 being illustrated in FIG. 10.

An arrow R4 illustrated in FIG. 10 represen
first measured load R4 that can be measured in the
direction at predetermined time intervals by the fi
pad side tensile load measuring unit 641. The firs

measured load R4, for example, has a direction in t

direction. An arrow R5 represents a second measure

R5 that can be measured in the Z-axis direction at

predetermined time intervals by the second pad side

tensile load measuring unit 642. The second measur

R5, for example, has a direction in the -Z directio
distance L4 in the Y-axis direction between the fir
side tensile load measuring unit 641 and the second
side tensile load measuring unit 642 is an apparatu
design value recognized by the control unit 29 in a

and is a constant.
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A changing distance M1 in the Y-axis direct
the first pad side tensile load measuring unit 641
gripping unit 61 whose movement in the Y-axis direc

is stopped and which is located at the position P3

variable that changes when the holding means 50 mov

the Y-axis direction. Incidentally, the control un

can grasp the position of the first pad side tensil

measuring unit 641 moving together with the movable

601 on the basis of the encoder signal fed back fro
rotary encoder of the motor 602 (servomotor 602) of
pad moving means 60 illustrated in FIG. 5 to the co
unit 29. Therefore, the control unit 29 can also
successively recognize the value of the changing di
M1 at predetermined time intervals. A distance N1
Z-axis direction between the first pad side tensile
measuring unit 641 and the gripping unit 61 stopped
the position P3 is an apparatus design value recogn
by the control unit 29 in advance and is a constant

The following Equation 12 holds from the
Pythagorean theorem.

(Y-axis direction tensile load Fy4)
direction tensile load Fz4) 2 = (tensile load
F4) 2 ...(Equation 12)

In addition, the following Equation 13 hold
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balance of forces in the Z-axis direction.

(Z-axis direction tensile load Fz4) = (firs
measured load R4) + (second measured load
R5) ...(Equation 13)

Further, the following Equation 14 holds fr
balance of moments about the first pad side tensile
measuring unit 641 in a case where the first pad si
tensile load measuring unit 641 is assumed to be an
origin.

(Y-axis direction tensile load Fy4) x (dist
= (second measured load R5) x (distance L4) + (Z-ax
direction tensile load Fz4) x (changing distance
M1) ...(Equation 14)

From the Equation 13, the control unit 29 c
measure the Z-axis direction tensile load Fz4 at
predetermined time intervals. In addition, the con
unit 29 can measure the Y-axis direction tensile lo
at predetermined time intervals from the following
Equation 15 obtained by modifying the Equation 14.

(Y-axis direction tensile load Fy4) = {(sec
measured load R5) x (distance L4) + (Z-axis directi
tensile load Fz4) x (changing distance M1)}/(distan
N1) ...(Equation 15)

The control unit 29 performs arithmetic pro
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that substitutes the value of the Y-axis direction
tensile load Fy4 and the value of the Z-axis direct
tensile load Fz4 into the Equation 12, and thereby
measures the tensile load F4 at predetermined time
intervals. Then, the control unit 29 uses the tens
load F4 measured at predetermined time intervals, a
information for optimizing the operation of peeling
the protective member 85 by the peeling means 6. T
on the basis of the value of the tensile load F4 me

at predetermined time intervals, the control unit 2
optimizes the speed of movement of the holding mean
by the pad moving means 60, for example. As a resu
feedback control is performed such that the tensile
F4 applied when the gripping unit 61 peels off the
peeling tape 83 integrated with the protective memb
becomes such an optimum tensile load that prevents
crack in the plate-shaped work piece 80 and prevent
remaining of a glue on the plate-shaped work piece
the like. In addition, the peeling speed of the gr

unit 61 moving in the Y-axis direction relative to
moving holding means 50 is not too slow, so that th
protective member 85 is peeled from the plate-shape
piece 80 without taking an unnecessary time.

When the protective member 85 is completely
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off from the one surface 800 of the plate-shaped wo
piece 80, the gripping unit 61 gripping the protrud
portion 850 of the protective member 85 is moved to
position above the mounting table 27 illustrated in
5. Then, the gripping unit 61 releases the grippin
the protruding portion 850 and drops the protective
member 85 onto the mounting table 27.

The present invention is not limited to the
of the above described preferred embodiments. The
of the invention is defined by the appended claims
all changes and modifications as fall within the
equivalence of the scope of the claims are therefor

be embraced by the invention.
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VWHAT IS CLAI MED | S:

1. A peeling apparatus that peels a protective

member protecting one surface of a plate-shaped wor
piece from the one surface, the peeling apparatus
comprising:

holding means that holds another surface of
plate-shaped work piece by a holding surface; and

peeling means that grips an outer circumfer
part of the protective member covering the one surf
the plate-shaped work piece held on the holding sur
peels the protective member from an outer circumfer
to a center of the plate-shaped work piece, and fur
peels the protective member from the center to an o
circumference on an opposite side from the outer
circumference, in which

the peeling means includes

a gripping unit configured to grip
circumferential part of the protective member,
moving means that moves the grippin

and the holding means relative to each other in a
direction parallel with the holding surface, leads
gripping unit from an outer circumference to a cent
the holding surface, and then moves the gripping un

passing the center of the holding surface on a stra
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line in such a direction that the gripping unit mov
away from the center, and
a tensile load measuring unit confi

measure a tensile load applied to the protective me
interposed between the gripping unit and the holdin
surface, and

peeling operation of the peeling means is o
by measuring the tensile load applied to the protec
member by the tensile load measuring unit.

2. The peeling apparatus according to clai
wherein

the tensile load measuring unit includes a
piezoelectric element disposed in a supporting port
that supports the holding means.

3. The peeling apparatus according to clai
wherein

the tensile load measuring unit includes a
piezoelectric element disposed in a gripping unit
supporting unit that supports the gripping unit.

4. The peeling apparatus according to clai
wherein

the protective member is a protective tape,

the plate-shaped work piece has a notch por

an outer circumferential part of the plate-shaped w
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piece,

the holding means includes a partial peelin
configured to peel the protective tape in a vicinit
the notch portion from the plate-shaped work piece
thrusting up a part of the protective tape, the par
being located at the notch portion but not being af
to the plate-shaped work piece, and

the gripping unit grips an outer circumfere
part of the protective tape peeled by the partial p
unit.

5. The peeling apparatus according to clai
claim 2, or claim 3, wherein

the protective member is a protective tape,

peeling tape affixing means that affixes a
tape to an outer circumferential part of the protec
tape is further included, and

the gripping unit grips the peeling tape af
the protective tape instead of gripping the outer
circumferential part of the protective tape, and th
tensile load measuring unit measures a tensile load
applied to the peeling tape integrated with the
protective tape interposed between the gripping uni
the holding surface.

6. The peeling apparatus according to clai
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wherein

the protective member has a protruding port ion
slightly protruding from the outer circumference of the
plate-shaped work piece, and

the gripping unit grips the protruding port ion.
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