HOLDING MECHANISM

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a holding
mechanism for holding a frame unit formed by positioning
a wafer at an opening of an annular frame that includes a
ferromagnetic material and that is provided at the center
thereof with the opening for accommodating the wafer, and
by attaching the wafer and the annular frame to an
adhesive tape to integrate the annular frame with the
wafer.

Description of the Related Art

A wafer formed on a front surface thereof with a
device area where a plurality of devices such as
integrated circuits (ICs) and large-scale integrated
(LSTI) circuits are partitioned by a plurality of
intersecting division lines and a peripheral marginal
area surrounding the device area is ground on the back
side to be formed to a desired thickness and is then
divided into individual device chips by a dicing
apparatus or a laser processing apparatus. The divided
device chips are used for electric equipment such as

mobile phones and personal computers.



In addition, before the wafer is conveyed into the
dicing apparatus or the laser processing apparatus, the
wafer is positioned at an opening of an annular frame
that includes a ferromagnetic material and that is
provided at the center thereof with the opening for
accommodating the wafer, and is attached integrally with
the annular frame to an adhesive tape to form a frame
unit.

Then, the frame unit is conveyed by a conveying
mechanism and is held by a holding mechanism of the
dicing apparatus or the laser processing apparatus, and
the wafer is subjected to processing (see, for example,

Japanese Patent Laid-open No. 2015-135888).

SUMMARY OF THE INVENTION

The conveying mechanism includes a frame holding
section that holds the annular frame under suction, a
wafer holding section that is disposed as required and
holds the wafer under suction, and a conveying arm. In
addition, the holding mechanism includes a wafer holding
section that holds the wafer under suction through an
adhesive tape, and a frame support section that clamps
the annular frame. However, since, in the holding

mechanism, the clamp for clamping the annular frame has a



structure in which a plate in an erected state is rotated
to be laid horizontally to thereby clamp the annular
frame from above, there is a problem that the annular
frame cannot be held by the holding mechanism if the
annular frame is not positioned sufficiently accurately
by the conveying mechanism.

Accordingly, it is an object of the present
invention to provide a holding mechanism capable of
securely holding an annular frame even when the annular
frame is not positioned sufficiently accurately.

In accordance with an aspect of the present
invention, there is provided a holding mechanism that
holds a frame unit formed by positioning a wafer at an
opening of an annular frame and attaching the wafer and
the annular frame to an adhesive tape to integrate the
annular frame with the wafer, the annular frame including
a ferromagnetic material and being provided at a center
thereof with the opening for accommodating the wafer. The
holding mechanism includes a wafer holding section that
holds the wafer under suction, and a frame support
section that is disposed on the outer circumference of
the wafer holding section and that supports the annular
frame. The frame support section includes a permanent

magnet.



Preferably, the frame support section includes a
release section that releases the annular frame
magnetically attached to the permanent magnet.
Preferably, the release section includes at least a
tubular body that includes a nonmagnetic material and
that accommodates the permanent magnet, and an advancing-
retracting section that relatively advances and retracts
the permanent magnet and the tubular body, and the
permanent magnet is relatively retracted from the tubular
body to thereby release the annular frame from the
permanent magnet.

According to the present invention, the holding
mechanism includes the wafer holding section that holds
the wafer under suction, and the frame support section
that is disposed on the outer circumference of the wafer
holding section and that supports the annular frame, and
the frame support section includes a permanent magnet.
Therefore, the annular frame can be held even if the
annular frame is not positioned sufficiently accurately.

The above and other objects, features and
advantages of the present invention and the manner of
realizing them will become more apparent, and the
invention itself will best be understood from a study of

the following description and appended claims with



reference to the attached drawings showing a preferred

embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a holding mechanism
according to an embodiment of the present invention;

FIG. 2A is a sectional view of a release section
depicted in FIG. 1;

FIG. 2B is a sectional view of the release section
in a state in which a permanent magnet is retracted;

FIG. 3 is a perspective view of a frame unit;

FIG. 4 is a perspective view of a dicing apparatus
including the holding mechanism depicted in FIG. 1;

FIG. 5 is a perspective view of a first conveying
mechanism depicted in FIG. 4; and

FIG. 6 is a perspective view of a second conveying

mechanism depicted in FIG. 4.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
A holding mechanism according to an embodiment of
the present invention will be described below referring
to the drawings. Referring to FIG. 1, the holding
mechanism, which is wholly denoted by reference symbol 2,

includes a wafer holding section 4 that holds a wafer



under suction, and frame support sections 6 that are
disposed on the outer circumference of the wafer holding
section 4 and support an annular frame.

The wafer holding section 4 includes a disk-shaped
suction chuck 8 and a casing 10 fitted to the outer
circumference of the suction chuck 8. The suction chuck 8
is formed of a porous material and is connected to
suction means (not illustrated) through a channel. As
depicted in FIG. 1, an upper surface of the suction chuck
8 is exposed, while a peripheral portion and a lower
surface of the suction chuck 8 are covered with the
casing 10. In the wafer holding section 4, by operating
the suction means to generate a suction force at the
upper surface of the suction chuck 8, the wafer placed on
the upper surface of the suction chuck 8 is held under
suction.

It is important that the frame support section 6
includes a permanent magnet 12 that magnetically attracts
the annular frame. In addition, as depicted in FIG. 2,
the frame support section 6 preferably includes a release
section 14 that releases the annular frame magnetically
attached to the permanent magnet 12. The release section
14 in the present embodiment includes a tubular body 16

that includes a nonmagnetic material and that



accommodates the permanent magnet 12, and an advancing-
retracting section 18 that relatively advances and
retracts the permanent magnet 12 and the tubular body 16.
The permanent magnet 12 is relatively advanced or
retracted from the tubular body 16 to release the annular
frame from the permanent magnet 12.

As illustrated in FIG. 1, a plurality of (in the
present embodiment, four) frame support sections 6 are
disposed at intervals along the circumferential direction
of the wafer holding section 4. In the present
embodiment, each of the tubular bodies 16 of the frame
support sections 6 is connected to the casing 10 through
a pair of support rods 20 extending toward the radial-
directionally outer side from the outer circumference of
the casing 10 of the wafer holding section 4. In an upper
portion of each tubular body 16, the permanent magnet 12
that magnetically attracts the annular frame is
accommodated. Note that each tubular body 16 is supported
by the support rods 20 in a radially movable manner, and
a plurality of kinds of annular frames different in size
can be supported by adjusting the radial position of each
tubular body 16.

Referring to FIGS. 2A and 2B, the permanent magnet

12 in the present embodiment has a cylindrical main



section 12a that magnetically attracts the annular frame
at an upper end surface thereof, and an annular flange
section 12b extending toward the radial-directionally
outer side from a lower end of the main section 12a. 1In
addition, the permanent magnet 12 is accommodated inside
the tubular body 16 in such a manner as to be movable in
the vertical direction between a raised position depicted
in FIG. 2A and a lowered position depicted in FIG. 2B. As
understood by referring to FIGS. 2A and 2B, at the raised
position, an upper surface of the permanent magnet 12 and
an upper surface of the tubular body 16 are flush with
each other, while, at the lowered position, the upper
surface of the permanent magnet 12 is located on the
lower side relative to the upper surface of the tubular
body 16 by approximately 5 mm, for example.

As depicted in FIGS. 2A and 2B, a partition wall 22
is provided at a vertically intermediate part of the
tubular body 16, and by the partition wall 22, the inside
of the tubular body 16 is partitioned into an upper-side
accommodating chamber 24 for accommodating the permanent
magnet 12 and a lower-side accommodating chamber 26 for
accommodating the advancing-retracting section 18. The
partition wall 22 is formed in its central portion with a

through-hole 22a.



On an upper end side of the upper-side
accommodating chamber 24, a projecting section 24a
projecting toward the radial-directionally inner side of
the tubular body 16 is formed. As depicted in FIG. 23,
when an upward force is exerted on the permanent magnet
12 from the advancing-retracting section 18, an upper end
of the flange section 12b of the permanent magnet 12 is
caught on a lower end of the projecting section 24a, so
that the permanent magnet 12 is positioned at the raised
position. On the other hand, when a downward force is
exerted on the permanent magnet 12 from the advancing-
retracting section 18, as depicted in FIG. 2B, a lower
surface of the permanent magnet 12 makes contact with an
upper surface of the partition wall 22, so that the
permanent magnet 12 is positioned at the lowered
position. In addition, the lower-side accommodating
chamber 26 is formed with an upper opening 26a and a
lower opening 26b at an interval in the vertical
direction.

Referring to FIGS. 2A and 2B, the advancing-
retracting section 18 in the present embodiment has a rod
28 extending downward from a lower end of the permanent
magnet 12 through the through-hole 22a, a piston 30 fixed

to a lower end of the rod 28 and disposed in the lower-



side accommodating chamber 26, a coil spring 32 disposed
under the piston 30, and a compressed air supply source
25 connected to the upper opening 26a of the lower-side
accommodating chamber 26.

In the advancing-retracting section 18, when the
supply of compressed air from the compressed air supply
source to the lower-side accommodating chamber 26 is
stopped to push the piston 30 upward by the coil spring
32, an upward force is exerted on the permanent magnet
12, the permanent magnet 12 is raised relative to the
tubular body 16, and the permanent magnet 12 is thus
positioned at the raised position. Further, in the
advancing-retracting section 18, when compressed air is
supplied from the compressed air supply source 25 into
the lower-side accommodating chamber 26 to push the
piston 30 downward, a downward force is exerted on the
permanent magnet 12, the permanent magnet 12 is lowered
relative to the tubular body 16, and the permanent magnet
12 is thus positioned at the lowered position. Note that,
by pushing the piston 30 downward, air is discharged
through the lower opening 26b.

Further, the release section 14 of the holding
mechanism 2 is configured to position the permanent

magnet 12 at the raised position where the permanent

10



magnet 12 can magnetically attract the annular frame
disposed on the tubular body 16, and also position the
permanent magnet 12 at the lowered position where the
annular frame disposed on the tubular body 16 can be
released from the permanent magnet 12.

FIG. 3 illustrates a frame unit 34 held by the
abovementioned holding mechanism 2. The frame unit 34 is
a unit obtained by integrating an annular frame 36 with a
disk-shaped wafer 38 through a circular adhesive tape 40.
The annular frame 36 includes a ferromagnetic material
and 1s provided at its center with a circular opening 36a
for accommodating the wafer 38. The wafer 38 may be
formed of silicon or the like. A front surface 38a of the
wafer 38 is partitioned into a plurality of rectangular
regions by division lines 42 formed in a grid pattern,
and a device 44 such as an IC or an LSI circuit is formed
in each of the plurality of rectangular regions. In the
present embodiment, as depicted in FIG. 3, a back surface
38b of the wafer 38 is attached to the adhesive tape 40
positioned at the opening 36a of the annular frame 36, so
that the annular frame 36 is integrated with the wafer
38.

FIG. 4 depicts a dicing apparatus 46 to which the

abovementioned holding mechanism 2 can be mounted. In the
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dicing apparatus 46 in the present embodiment, the
holding mechanism 2 is provided in such a manner as to be
movable in an X-axis direction indicated by an arrow X.
Note that a Y-axis direction indicated by an arrow Y in
FIG. 4 is a direction orthogonal to the X-axis direction,
and a Z-axis direction indicated by an arrow Z in FIG. 4
is a vertical direction which is orthogonal to both the
X-axis direction and the Y-axis direction. In addition,
an XY plane defined by the X-axis direction and the Y-
axis direction is substantially horizontal.

The dicing apparatus 46 includes a cutting unit 48
that rotatably includes a cutting blade 48a for cutting
the wafer 38 held by the holding mechanism 2, an imaging
unit 50 that images the wafer 38 held by the holding
mechanism 2, a cassette mount base 54 on which a cassette
52 accommodating a plurality of frame units 34 is mounted
and which is liftable upward and downward, a conveying-
in/out mechanism 58 that draws out the frame unit 34
which is yet to be cut from the cassette 52, conveys the
frame unit 34 to a tentative placing table 56, and
conveys the cut frame unit 34 positioned on the tentative
placing table 56 into the cassette 52, a first conveying
mechanism 60 that conveys, to the holding mechanism 2,

the frame unit 34 which has been conveyed out from the

12



cassette 52 onto the tentative placing table 56 and which
is yet to be cut, a cleaning unit 62 that cleans the cut
frame unit 34, and a second conveying mechanism 64 that
conveys the cut frame unit 34 from the holding mechanism
2 to the cleaning unit 62.

Referring to FIG. 5, the first conveying mechanism
60 will be described. The first conveying mechanism 60
includes a support shaft 68 that is rotatable around an
axis 66 extending in the Z-axis direction and that is
liftable upward and downward in the Z-axis direction, an
L-shaped arm 70 fixed to an upper end of the support
shaft 68, and a frame unit holding section 72 attached to
an end portion of the arm 70.

The frame unit holding section 72 has a pair of
plates 74 fixed to a lower surface of the end portion of
the arm 70 at an interval, a plurality of permanent
magnets 76 that are mounted to lower surfaces of the pair
of plates 74 and magnetically attract the annular frame
36, and a disk-shaped suction piece 78 that is disposed
between the pair of plates 74 and holds the wafer 38
under suction. The magnetic force of the permanent
magnets 76 of the first conveying mechanism 60 is weaker
than the magnetic force of the permanent magnets 12 of

the holding mechanism 2. In addition, a lower surface of
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the suction piece 78 is formed with a plurality of
suction holes (not illustrated), and each suction hole is
connected to suction means.

Referring to FIG. 6, the second conveying mechanism
64 will be described. The second conveying mechanism 64
includes a Y-axis movable member 80 provided to be
movable in the Y-axis direction and a Y-axis feeding
mechanism 82 that moves the Y-axis movable member 80 in
the Y-axis direction. The Y-axis feeding mechanism 82 has
a ball screw 84 that is connected to the Y-axis movable
member 80 and that extends in the Y-axis direction, and a
motor 86 that rotates the ball screw 84. The Y-axis
feeding mechanism 82 converts a rotational motion of the
motor 86 into a rectilinear motion and transmits the
rectilinear motion to the Y-axis movable member 80 by the
ball screw 84, thereby to move the Y-axis movable member
80 in the Y-axis direction along a pair of guide rails 88
extending in the Y-axis direction.

To a lower surface of an end portion of the Y-axis
movable member 80, a frame unit holding section 92 is
connected such as to be liftable upward and downward
through a lifting mechanism 90 which may include an
appropriate actuator such as an air cylinder. The frame

unit holding section 92 has an H-shaped plate 94 fixed to
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a lower end of the lifting mechanism 90, a plurality of
permanent magnets 96 that are mounted to a lower surface
of the plate 94 and magnetically attract the annular
frame 36, and a disk-shaped suction piece 98 that is
disposed on a lower surface of a central portion of the
plate 94 and holds the wafer 38 under suction. The
magnetic force of the permanent magnets 96 of the second
conveying mechanism 64 is weaker than the magnetic force
of the permanent magnets 12 of the holding mechanism 2.
In addition, a lower surface of the suction piece 98 is
formed with a plurality of suction holes (not
illustrated), and each suction hole is connected to
suction means through a channel 100.

In dividing the wafer 38 of the frame unit 34 into
device chips each including the device 44 by use of the
dicing apparatus 46, a conveying-out step is first
carried out in which the frame unit 34 that is yet to be
cut is conveyed out from the cassette 52 onto the
tentative placing table 56 by the conveying-in/out
mechanism 58.

After the conveying-out step is performed, a first
conveying step is carried out in which the frame unit 34
is conveyed from the tentative placing table 56 to the

holding mechanism 2 by the first conveying mechanism 60.
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In the first conveying step, the permanent magnets 76 of
the first conveying mechanism 60 are first positioned
above the annular frame 36, and the suction piece 78 is
positioned above the wafer 38. Next, the arm 70 is
lowered. Accordingly, lower surfaces of the permanent
magnets 76 are brought into contact with an upper surface
of the annular frame 36 to hold the annular frame 36 by
the magnetic force of the permanent magnets 76, and a
lower surface of the suction piece 78 is brought into
contact with the front surface 38a of the wafer 38 to
hold the wafer 38 by the suction force of the suction
piece 78.

Next, the arm 70 is raised to space the frame unit
34 apart from the tentative placing table 56. Then, the
arm 70 is rotated to position the frame unit 34 above the
holding mechanism 2 positioned at a mounting and
detaching position (the position depicted in FIG. 4).
Subsequently, the arm 70 is lowered. Accordingly, the
lower surface of the annular frame 36 is brought into
contact with upper surfaces of the permanent magnets 12
of the holding mechanism 2 to hold the annular frame 36
by the magnetic force of the permanent magnets 12, and
the back surface 38b side (the adhesive tape 40 side) of

the wafer 38 is brought into contact with the upper
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surface of the suction chuck 8 of the holding mechanism 2
to hold the wafer 38 by the suction force of the suction
chuck 8. 1In this instance, the permanent magnets 12 of
the holding mechanism 2 are preliminarily positioned at
the raised positions.

Next, the suction force of the suction piece 78 of
the first conveying mechanism 60 is released, and
thereafter, the arm 70 of the first conveying mechanism
60 i1s raised. Since the magnetic force of the permanent
magnets 76 of the first conveying mechanism 60 is weaker
than the magnetic force of the permanent magnets 12 of
the holding mechanism 2 as described above, the annular
frame 36 is transferred from the permanent magnets 76 to
the permanent magnets 12. Then, when the arm 70 is
raised, the frame unit 34 is held by the holding
mechanism 2 and is spaced apart from the first conveying
mechanism 60. In this way, the frame unit 34 is conveyed
from the tentative placing table 56 to the holding
mechanism 2.

After the first conveying step is performed, a
dividing step is carried out in which the holding
mechanism 2 is moved to the cutting position below the
cutting unit 48 and cutting is then conducted by the

cutting blade 48a along the division lines 42 of the
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wafer 38 held by the holding mechanism 2, to divide the
wafer 38 into device chips each including the device 44.

After the dividing step is conducted, a second
conveying step is carried out in which the frame unit 34
is conveyed from the holding mechanism 2 to the cleaning
unit 62 by the second conveying mechanism 64. In the
second conveying step, the holding mechanism 2 is first
moved to the mounting and detaching position. At the same
time, the permanent magnets 96 of the second conveying
mechanism 64 are positioned above the annular frame 36,
and the suction piece 98 is positioned above the wafer
38. Subsequently, the frame unit holding section 92 is
lowered. Accordingly, lower surfaces of the permanent
magnets 96 are brought into contact with the upper
surface of the annular frame 36 to hold the annular frame
36 by the magnetic force of the permanent magnets 96, and
the lower surface of the suction piece 98 is brought into
contact with the front surface 38a of the wafer 38 to
hold the wafer 38 by the suction force of the suction
piece 98.

Next, the suction force of the suction chuck 8 of
the holding mechanism 2 is released, and the permanent
magnets 12 of the holding mechanism 2 are positioned at

the lowered positions. Then, the frame unit holding
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section 92 is raised. As described above, the magnetic
force of the permanent magnets 96 of the second conveying
mechanism 64 is weaker than the magnetic force of the
permanent magnets 12 of the holding mechanism 2, and the
permanent magnets 12 of the holding mechanism 2 are
separated from the annular frame 36 when the permanent
magnets 12 are positioned at the lowered positions. As a
result, the magnetic force exerted on the annular frame
36 mounted on the tubular body 16, from the permanent
magnets 96 of the second conveying mechanism 64 that are
in contact with the annular frame 36 is stronger than the
magnetic force exerted on the annular frame 36 from the
permanent magnets 12 of the holding mechanism 2.
Therefore, when the frame unit holding section 92 is
raised, the frame unit 34 is held by the frame unit
holding section 92 of the second conveying mechanism 64
and 1s spaced apart from the holding mechanism 2. Then,
the Y-axis feeding mechanism 82 and the 1lifting mechanism
90 of the second conveying mechanism 64 are operated to
convey the frame unit 34 to the cleaning unit 62.

After the second conveying step is conducted, a
cleaning step is carried out in which cutting swarf
generated in the dividing step is cleaned by the cleaning

unit 62. Subsequently, a third conveying step is
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performed in which the frame unit 34 is conveyed from the
cleaning unit 62 onto the tentative placing table 56 by
the first conveying mechanism 60. Then, a conveying-in
step is carried out in which the frame unit 34 is
conveyed in from the tentative placing table 56 into the
cassette 52 by the conveying-in/out mechanism 58.

Although not illustrated, similarly to the holding
mechanism 2, the tentative placing table 56 and the
cleaning unit 62 each include permanent magnets having a
stronger magnetic force than that of the permanent
magnets 76 and 96 of the first and second conveying
mechanisms 60 and 64, and a release section that releases
the annular frame 36 magnetically attached to the
permanent magnets. In the second conveying step, the
annular frame 36 of the frame unit 34 conveyed by the
second conveying mechanism 64 is magnetically attached to
the permanent magnets of the cleaning unit 62, so that
the frame unit 34 is transferred from the second
conveying mechanism 64 to the cleaning unit 62.

In the third conveying step, the annular frame 36
magnetically attached to the permanent magnets of the
cleaning unit 62 is released from the permanent magnets
by the release section of the cleaning unit 62, so that

the frame unit 34 can be transferred from the cleaning
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unit 62 to the first conveying mechanism 60. In addition,
the annular frame 36 of the frame unit 34 conveyed from
the cleaning unit 62 by the first conveying mechanism 60
is magnetically attached to the permanent magnets of the
tentative placing table 56, so that the frame unit 34 is
transferred from the first conveying mechanism 60 onto
the tentative placing table 56.

Note that, in the conveying-out step and the first
conveying step, the permanent magnets of the tentative
placing table 56 are retracted by the release section
from the positions where the permanent magnets can
magnetically attract the annular frame 36. As a result,
when the frame unit 34 is conveyed out from the cassette
52 to the tentative placing table 56 by the conveying-
in/out mechanism 58 and when the frame unit 34 is
conveyed from the tentative placing table 56 to the
holding mechanism 2 by the first conveying mechanism 60,
the permanent magnets of the tentative placing table 56
do not magnetically attract the annular frame 36, and
thus, the permanent magnets do not hinder the conveying-
out and conveying of the frame unit 34.

As described above, in the holding mechanism 2 of
the present embodiment, since the annular frame 36 is

held by the magnetic force of the permanent magnets 12,
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the annular frame 36 can securely be held even if the
positioning of the annular frame 36 relative to the
holding mechanism 2 is not made sufficiently accurately.

Note that, in the first conveying mechanism 60, the
suction piece 78 may not be provided, and the frame unit
34 may be held when the permanent magnets 76 magnetically
attract the annular frame 36. In addition, in the second
conveying mechanism 64, similarly to the first conveying
mechanism 60, the suction piece 98 may not be provided,
and the frame unit 34 may be held when the permanent
magnets 96 magnetically attract the annular frame 36.

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

by the invention.
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WHAT IS CLAIMED IS:

1. A holding mechanism for holding a frame unit,
the holding mechanism comprising:

a wafer holding section that holds a wafer under
suction; and

a frame support section that is disposed on an
outer circumference of the wafer holding section and that
supports an annular frame,

wherein the frame unit is formed by positioning
the wafer at an opening of the annular frame and
attaching the wafer and the annular frame to an adhesive
tape to integrate the annular frame with the wafer, the
annular frame including a ferromagnetic material and
being provided at a center thereof with the opening for
accommodating the wafer;

wherein the frame support section includes a
release section that accommodates a permanent magnet, and
the release section is configured to:

position the permanent magnet at a raised
position where the permanent magnet can magnetically
attract the annular frame; and
also position the permanent magnet at a

lowered position where the annular frame can be released

from magnetic attachment to the permanent magnet.
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2. The holding mechanism according to claim 1,

wherein the release section includes a tubular body
that includes a nonmagnetic material and that
accommodates the permanent magnet in the tubular body,
and an advancing-retracting section that moves the
permanent magnet relative to the tubular body, and

wherein when the permanent magnet is retracted
within the tubular body, the permanent magnet is thus
positioned at the lowered position and the annular frame
is released from the magnetic attachment to the permanent
magnet.

3. The holding mechanism according to any of claim
1 or claim 2, wherein the permanent magnet comprises:

a cylindrical main section that magnetically
attracts the annular frame at an upper surface thereof;
and

an annular flange section extending toward a
radial-directionally outer side from a lower end of the
main section.

4. The holding mechanism according to any one of
claim 2 or claim 3, wherein

at the raised position, an upper surface of the
permanent magnet and an upper surface of the tubular body

are flush with each other; and
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at the lowered position, the upper surface of the
permanent magnet is located on a lower side relative to
the upper surface of the tubular body.

5. The holding mechanism according to any one of
claims 2 - 4, wherein

a partition wall is provided at a vertically
intermediate part of the tubular body;

by the partition wall, the tubular body inside is
partitioned into an upper-side accommodating chamber for
accommodating the permanent magnet and a lower-side
accommodating chamber for accommodating the advancing-
retracting section; and

the partition wall is formed in its central portion
with a through-hole.

6. The holding mechanism according to claim 5,
wherein

on an upper end side of the upper-side
accommodating chamber, a projecting section projecting
toward a radial-directionally inner side of the tubular
body is formed;

when an upward force is exerted on the permanent
magnet from the advancing-retracting section, an upper
end of the flange section of the permanent magnet is

caught on a lower end of the projecting section, so that
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the permanent magnet is positioned at the raised
position; and
when a downward force is exerted on the permanent
magnet from the advancing-retracting section, a lower
surface of the permanent magnet makes contact with an
upper surface of the partition wall, so that the
permanent magnet is positioned at the lowered position.
7. The holding mechanism according to any one of
claim 5 or claim 6, wherein
the advancing-retracting section comprises:
a rod extending downward from a lower end of
the permanent magnet through the through-hole;
a piston fixed to a lower end of the rod and
disposed in the lower-side accommodating chamber;
a coil spring disposed under the piston; and
a compressed air supply source connected to
an upper opening of the lower-side accommodating chamber.
8. The holding mechanism according to claim 7,
wherein in the advancing-retracting section:
when the supply of compressed air from the
compressed air supply source to the lower-side
accommodating chamber is stopped to push the piston
upward by the coil spring, an upward force is exerted on

the permanent magnet, the permanent magnet is raised
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relative to the tubular body, and the permanent magnet is
thus positioned at the raised position; and

when compressed air is supplied from the
compressed air supply source into the lower-side
accommodating chamber to push the piston downward, a
downward force is exerted on the permanent magnet, the
permanent magnet is lowered relative to the tubular body,
and the permanent magnet is thus positioned at the
lowered position, and air is discharged through a lower

opening of the lower-side accommodating chamber.
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