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DESCRIPTION
TITLE OF INVENTION
LASER PROCESSING DEVICE AND PROCESSED ARTICLE MANUFACTURING

METHOD

Technical Field

[0001] The present invention relates to technologies of a laser processing device and a processed
article manufacturing method.

Related Art

[0002] Patent Literature 1 discloses a resin film processing device that includes a conveyance
means for conveying a resin film, a hole forming means for forming holes in the resin film, and a
control means for controlling these operations. In this resin film processing device, holes can be
formed in the resin film by irradiating the resin film conveyed by rollers of the conveyance means
with a laser light from the hole forming means.

Citation List

Patent Literature

[0003] [Patent Literature 1] Japanese Patent Laid-Open No. 2016-426

SUMMARY OF INVENTION
Technical Problem
[0004] However, in the technology as described in Patent Literature 1, there is room for
improvement in that the resin film cannot be stably processed because the resin film may shake
due to influence of the vibration caused during irradiation of the laser light and the exhaust caused
by dust collection.

[0005] The present invention has been made in view of the above circumstances, and the
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problem to be solved is to provide a laser processing device and a processed article manufacturing
method that are capable of stably processing a film.

Solution to Problem

[0006] The problem to be solved by the present invention is as described above, and in order to
solve the problem, a laser processing device according to the present invention includes a
conveyance mechanism conveying a film, a holding mechanism having a pair of holding parts
capable of sandwiching and holding at least lateral sides of a processing target range of the film,
and a laser mechanism processing the processing target range of the film held by the holding
mechanism.

[0007] Further, a processed article manufacturing method according to the present invention
processes the film using the laser processing device.

Effects of Invention

[0008] According to the present invention, a film can be stably processed.

BRIEF DESCRIPTION OF DRAWINGS
[0009]
FIG. 1 is a schematic side view showing the overall configuration of the laser processing device.
FIG. 2 is a front cross-sectional view showing the holding mechanism (the left side shows a state
where the film is not held, and the right side shows a state where the film is being held).
FIG. 3 is a plan view showing the holding mechanism (particularly, the lower holding part).
FIG. 4 is a side view showing the holding mechanism.
FIG. 5 is a side cross-sectional view showing the configuration of the stopper mechanism and the
actuator.
(a) of FIG. 6 is a side view showing the holding mechanism in a state where the film is not held.

(b) of FIG. 6 is a side view showing the holding mechanism in a state where the upper holding
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part is lowered.

FIG. 7 is a side view showing the holding mechanism in a state where the film is being held.

(a) of FIG. 8 is a schematic plan view showing the film formed with a plurality of holes. (b) of
FIG. 8 is a schematic view showing the trajectory of the laser light. (c¢) of FIG. 8 is a schematic
view showing the shape of the hole formed in the film.

(a) of FIG. 9 is a schematic plan view showing the portion sandwiching the film. (b) of FIG. 9
is a schematic plan view showing a modified example of the portion sandwiching the film. (c)
of FIG. 9 is a schematic plan view showing a modified example of the portion sandwiching the

film.

DESCRIPTION OF EMBODIMENTS
[0010] A laser processing device 1 according to this embodiment, which will be described below,
is a device for processing a film F that is a workpiece (object to be processed). First, the film F
to be processed will be described.
[0011] In this embodiment, the film F to be processed by the laser processing device 1 is
assumed to be a release film used in a resin molding device. As the release film, for example, a
polystyrene film, a PET film, a polymethylpentene film or the like can be used. The release film
is sucked and held on the surface of a mold so that the resin does not adhere to the mold in the
resin molding device.
[0012] Here, in order to further suck and hold a wafer or the like to be resin-molded to the mold
sucking and holding the release film, it is necessary to form holes in the release film to the extent
that air can pass through. In order to obtain such a release film, the laser processing device 1
according to this embodiment forms (perforates) a plurality of holes F1 (see FIG. 8) in the film F.
<Overall configuration of the laser processing device 1>

[0013] Next, the configuration of the laser processing device 1 according to this embodiment
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will be described with reference to FIG. 1.  In the following description, the directions indicated
by the arrow U, arrow D, arrow L, arrow R, arrow F, and arrow B shown in the drawings are
defined as upward, downward, leftward, rightward, forward, and backward directions,
respectively.

[0014] The laser processing device 1 mainly includes an unwinding mechanism 10, a winding
mechanism 20, a holding mechanism 100, an upper dust collecting mechanism 30, a lower dust
collecting mechanism 40, and a laser mechanism 50.

<Unwinding mechanism 10>

[0015] The unwinding mechanism 10 supplies the film F wound in a roll shape to the holding
mechanism 100 which will be described later. The unwinding mechanism 10 mainly includes an
unwinding roller 11, a guide roller 12, and an ionizer 13.

[0016] The unwinding roller 11 supports the film F wound in a roll shape. The unwinding
roller 11 is formed in a columnar shape and arranged with the axis directed horizontally (in the
depth direction of the paper surface of FIG. 1). The film F before being processed is wound
around the unwinding roller 11. The unwinding roller 11 is provided with a drive source (such
as a motor) not shown. Appropriate tension can be applied to the film F pulled out from the
unwinding roller 11 by applying an appropriate rotational force to the unwinding roller 11 with
the drive source.

[0017] The guide roller 12 guides the film F pulled out from the unwinding roller 11 to the
holding mechanism 100. The guide roller 12 is formed in a columnar shape and arranged with
the axis directed horizontally (in the depth direction of the paper surface of FIG. 1). Three guide
rollers 12 are provided. The film F pulled out from the unwinding roller 11 is sequentially wound
around the three guide rollers 12. The film F is given appropriate tension by the three guide
rollers 12 and is guided while changing the direction to an appropriate direction.

[0018] The ionizer 13 removes static electricity from the film F. The ionizer 13 can neutralize
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the static electricity of the film F with ions. The ionizer 13 is arranged in the middle of the
passage of the film F guided by the guide rollers 12.

<Winding mechanism 20>

[0019] The winding mechanism 20 winds up the film F that has been processed by the laser
mechanism 50. The winding mechanism 20 mainly includes a winding roller 21, a guide roller
22, a feeding roller 23, an adhesive roller 24, and an ionizer 25.

[0020] The winding roller 21 winds the film F into a roll shape. The winding roller 21 is
formed in a columnar shape and arranged with the axis directed horizontally (in the depth direction
of the paper surface of FIG. 1). The film F that has been processed is wound around the winding
roller 21. The winding roller 21 is provided with a drive source (such as a motor) not shown.
Appropriate tension can be applied to the film F wound around the winding roller 21 by applying
an appropriate rotational force to the winding roller 21 with the drive source.

[0021] The guide roller 22 guides the film F that has been processed by the laser mechanism 50
(passed through the holding mechanism 100) to the winding roller 21. The guide roller 22 is
formed in a columnar shape and arranged with the axis directed horizontally (in the depth direction
of the paper surface of FIG. 1). Three guide rollers 22 are provided. The film F that has been
processed by the laser mechanism 50 is sequentially wound around the three guide rollers 22 and
the feeding roller 23 which will be described later. The film F is given appropriate tension by
the three guide rollers 22 and the feeding roller 23, which will be described later, and is guided to
the winding roller 21 while changing the direction to an appropriate direction.

[0022] The feeding roller 23 feeds the film F from the unwinding roller 11 toward the winding
roller 21. The feeding roller 23 is formed in a columnar shape and arranged with the axis directed
horizontally (in the depth direction of the paper surface of FIG. 1). The feeding roller 23 is
provided with an anti-slip roller 23a that sandwiches the film F with the feeding roller 23 so that

the wound film F does not slip on the feeding roller 23. The anti-slip roller 23a is, for example,
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made of an elastic material such as rubber. The feeding roller 23 is provided with a drive source
(such as a motor) not shown. By rotating the feeding roller 23 with the drive source, the film F
can be fed from the unwinding roller 11 toward the winding roller 21.

[0023] The adhesive roller 24 removes dust and processing waste (contaminants) adhering to
the film F that has been processed. The adhesive roller 24 is formed in a columnar shape and
arranged with the axis directed horizontally (in the depth direction of the paper surface of FIG. 1).
Two adhesive rollers 24 are provided. The adhesive rollers 24 are arranged so as to respectively
sandwich the film F with the guide roller 22 and the feeding roller 23.

[0024] The ionizer 25 removes static electricity from the film F. The ionizer 25 can neutralize
the static electricity of the film F with ions. The ionizer 25 is arranged in the middle of the
passage of the film F guided by the guide rollers 22 and the feeding roller 23.

[0025] Devices for removing static electricity from the film F are not limited to the ionizer 13
and the ionizer 25 described above. For example, it is also possible to use a static elimination
brush or the like that can remove static electricity by contacting the surface of the film F.
<Holding mechanism 100>

[0026] The holding mechanism 100 sandwiches and holds the film F when the film F is
processed. The holding mechanism 100 can hold the film F by sandwiching the film F from
above and below with a lower holding part 120 and an upper holding part 130. The specific
configuration of the holding mechanism 100 will be described later.

<Upper dust collecting mechanism 30>

[0027] The upper dust collecting mechanism 30 collects fumes, particulate matter or the like
generated when the film F is processed. The upper dust collecting mechanism 30 mainly
includes an upper housing 31 and an upper duct 32.

[0028] The upper housing 31 covers the holding mechanism 100 (more specifically, the upper

surface of the upper holding part 130 which will be described later) from above. The upper
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housing 31 is formed in a hollow box shape. The upper housing 31 is arranged right above the
holding mechanism 100. The lower surface of the upper housing 31 (the portion facing the upper
holding part 130) is open.

[0029] The upper duct 32 communicates the inside and the outside of the upper housing 31.
The upper duct 32 is formed in a tubular shape. The upper duct 32 is provided in the upper
portion of the upper housing 31. The upper duct 32 is connected to a fan (not shown). By
driving the fan, the air in the upper housing 31 can be discharged via the upper duct 32.

<Lower dust collecting mechanism 40>

[0030] The lower dust collecting mechanism 40 collects fumes, particulate matter or the like
generated when the film F is processed. The lower dust collecting mechanism 40 mainly
includes a lower housing 41 and a lower duct 42.

[0031] The lower housing 41 covers the holding mechanism 100 (more specifically, the lower
surface of the lower holding part 120 which will be described later) from below. The lower
housing 41 is formed in a hollow box shape. The lower housing 41 is arranged right below the
holding mechanism 100. The upper surface of the lower housing 41 (the portion facing the lower
holding part 120) is open. The lower housing 41 is fixed to the lower holding part 120.

[0032] The lower duct 42 communicates the inside and the outside of the lower housing 41.
The lower duct 42 is formed in a tubular shape. The lower duct 42 is provided at the bottom of
the lower housing 41. The lower duct 42 is connected to a fan (not shown). By driving the fan,
the air in the lower housing 41 can be discharged via the lower duct 42.

<Laser mechanism 50>

[0033] The laser mechanism 50 processes the film F using a laser light. The laser mechanism
50 mainly includes a processing head 51.

[0034] The processing head 51 irradiates a laser light. The processing head 51 is provided on

the top of the upper housing 31. The processing head 51 can irradiate a laser light oscillated by
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an oscillation device (not shown) downward. The processing head 51 can arbitrarily change the
irradiation direction of the laser light. The laser light emitted from the processing head 51 is
irradiated to the film F held by the holding mechanism 100 through the inside of the upper housing
31. By irradiating the film F with the laser light in this way, the film F can be processed.

[0035] Various lasers such as UV laser and CO; laser can be used as the laser used in the laser
mechanism 50.

[0036] The operation of each part of the laser processing device 1 described above is controlled
by a controller (not shown) including an arithmetic processor such as CPU, a storage part such as
RAM and ROM, etc.

<Processing method performed by the laser processing device 1>

[0037] Next, a method of processing the film F using the laser processing device 1 configured
as described above (a method of manufacturing the film F formed with the holes F1) will be
described.

[0038] When the feeding roller 23 rotates clockwise in the side view (see FIG. 1), the film F
moves from the unwinding roller 11 toward the winding roller 21 while being guided by the guide
rollers 12, etc. Specifically, the film F pulled out from the unwinding roller 11 passes rightward
between the lower holding part 120 and the upper holding part 130 of the holding mechanism 100
and 1s wound around the winding roller 21.

[0039] At this time, static electricity is removed by the ionizer 13 before the film F pulled out
from the unwinding roller 11 reaches the holding mechanism 100. When the portion of the film
F to be processed (processing target range P (see FIG. 3) which will be described later) reaches
the holding mechanism 100, the feeding roller 23 is stopped, and the movement of the film F is
stopped. Then, the film F is sandwiched and held from above and below by the holding
mechanism 100 (the lower holding part 120 and the upper holding part 130). By holding the film

F in this way, it is possible to prevent the film F from shaking or wrinkling due to the influence of
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vibration or air.

[0040] While the film F is held by the holding mechanism 100, the upper dust collecting
mechanism 30 and the lower dust collecting mechanism 40 are operated, and the film F is
perforated by the laser mechanism 50. Thus, a plurality of holes F1 can be formed in the film F
while fumes or the like are collected.

[0041] When the processing of the portion held by the holding mechanism 100 is completed,
the lower holding part 120 and the upper holding part 130 move upward and downward so as to
separate from the film F, and the film F is released. In this state, the feeding roller 23 rotates
again and the film F moves toward the winding roller 21.

[0042] Before the film F processed by the laser mechanism 50 reaches the winding roller 21,
static electricity is removed by the ionizer 25, and contaminants are removed by the adhesive roller
24. Then, the film F is wound around the winding roller 21.

[0043] By repeating such movement of the film F by a certain distance and processing by the
laser mechanism 50, a roll-shaped film F formed with a plurality of holes F1 can be manufactured.
<Specific configuration of the holding mechanism 100>

[0044] Next, the configuration of the holding mechanism 100 will be described with reference
to FIG. 2 to FIG. 5.

[0045] As described above, the holding mechanism 100 sandwiches and holds the film F when
the film F is processed. The holding mechanism 100 mainly includes a base part 110, the lower
holding part 120, the upper holding part 130, an upper stopper mechanism 140, a lower stopper
mechanism 150, and an actuator 160.

[0046] The base part 110 shown in FIG. 2 supports each member (the upper holding part 130,
etc. which will be described later) that constitutes the holding mechanism 100. The base part
110 is formed in a rectangular parallelepiped shape and placed on the floor.

[0047] The lower holding part 120 shown in FIG. 2 to FIG. 4 is a member capable of contacting
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the lower surface of the film F. The lower holding part 120 is formed in a rectangular frame
shape in plan view. Specifically, the lower holding part 120 is formed by providing a rectangular
opening 121 in the central portion of a rectangular plate-shaped member in plan view. The front-
rear width of the opening 121 is formed slightly smaller than the front-rear width of the film F.
[0048] A sponge 122 is provided on the upper surface of the lower holding part 120. The
sponge 122 is an elastic member. The sponge 122 is arranged to surround the opening 121 over
the entire circumference. Thus, the sponge 122 is arranged in a rectangular frame shape in plan
view.

[0049] The upper holding part 130 shown in FIG. 2 and FIG. 4 is a member capable of
contacting the upper surface of the film F. The upper holding part 130 is formed in substantially
the same shape (a rectangular frame shape in plan view) as the lower holding part 120. That is,
the upper holding part 130 is formed by providing a rectangular opening 131 in the central portion
of a rectangular plate-shaped member in plan view. The opening 131 is formed one size smaller
than the opening 121 of the lower holding part 120. Specifically, the front-rear width and left-
right width of the opening 131 are formed slightly smaller than the front-rear width and left-right
width of the opening 121 (see the enlarged portion in FIG. 2).

[0050] The upper holding part 130 is arranged above the lower holding part 120. The upper
holding part 130 is arranged with an outer shape matching the outer shape of the lower holding
part 120 in plan view. Thus, the upper holding part 130 is arranged to vertically face the lower
holding part 120.

[0051] The upper stopper mechanism 140 shown in FIG. 2 to FIG. 5 guides the lower holding
part 120 and the upper holding part 130 upward and downward, and restricts the downward
movement of the upper holding part 130 at a predetermined position. As shown in FIG. 5, the
upper stopper mechanism 140 mainly includes a lower bushing 141, an upper bushing 142, a

movable shaft 143, and a stopper 144.
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[0052] The lower bushing 141 is fixed to the base part 110 and guides the movable shaft 143
which will be described later. The lower bushing 141 is formed in a cylindrical shape and
arranged with the axis directed in the vertical direction. The lower portion of the lower bushing
141 is fixed while being inserted into a hole 111 formed to vertically penetrate the base part 110.
[0053] The upper bushing 142 is fixed to the lower holding part 120 and guides the movable
shaft 143 which will be described later. The upper bushing 142 is formed in a cylindrical shape
and arranged with the axis directed in the vertical direction. The upper bushing 142 is arranged
coaxially with the lower bushing 141. The upper bushing 142 is fixed while being inserted into
a hole 123 formed to vertically penetrate the lower holding part 120.

[0054] The movable shaft 143 guides the lower holding part 120 and the upper holding part 130
upward and downward. The movable shaft 143 is formed in a columnar shape and arranged with
the axis directed in the vertical direction. The movable shaft 143 is inserted into the lower
bushing 141 and the upper bushing 142. The movable shaft 143 can move along the axial
direction of the lower bushing 141 and the upper bushing 142. The upper end portion of the
movable shaft 143 is fixed to the upper holding part 130.

[0055] The stopper 144 restricts downward movement of the movable shaft 143 at a
predetermined position. The stopper 144 is arranged between the lower bushing 141 and the
upper bushing 142 in the up-down direction. The stopper 144 is fitted onto the movable shaft
143 from the outside to be fixed to the movable shaft 143. Thus, the stopper 144 is arranged so
as to protrude radially outward of the movable shaft 143 from the outer peripheral surface of the
movable shaft 143.

[0056] Asshown in FIG. 3, the upper stopper mechanism 140 configured in this way is provided
respectively at four corner sections (four corners) of the lower holding part 120 which is formed
in a rectangular shape in plan view.

[0057] The lower stopper mechanism 150 shown in FIG. 2 to FIG. 5 restricts downward
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movement of the lower holding part 120 at a predetermined position. As shown in FIG. 5, the
lower stopper mechanism 150 mainly includes a fixed shaft 151 and a stopper 152.

[0058] The fixed shaft 151 is in contact with the stopper 152 which will be described later. The
fixed shaft 151 is formed in a columnar shape and arranged with the axis directed in the vertical
direction. The lower end portion of the fixed shaft 151 is fixed to the upper surface of the base
part 110. The fixed shaft 151 is arranged to protrude upward from the base part 110.

[0059] The stopper 152 restricts downward movement of the lower holding part 120 at a
predetermined position. The stopper 152 is formed in a columnar shape and arranged with the
axis directed in the vertical direction. The stopper 152 is arranged coaxially with the fixed shaft
151. The stopper 152 is fixed to the lower surface of the lower holding part 120. The stopper
152 is arranged to protrude downward from the lower holding part 120.

[0060] Asshown in FIG. 3, the lower stopper mechanism 150 configured in this way is provided
respectively at four corner sections (four corners) of the lower holding part 120 which is formed
in a rectangular shape in plan view.

[0061] The actuator 160 shown in FIG. 2 to FIG. 5 moves the lower holding part 120 and the
upper holding part 130 upward and downward. The actuator 160 is configured by an air cylinder.
As shown in FIG. 5, the actuator 160 mainly includes a cylinder body 161 and a rod 162.

[0062] The cylinder body 161 supports the rod 162, which will be described later, so as to
expand and contract. The cylinder body 161 is fixed to the lower surface of the lower holding
part 120.

[0063] The rod 162 can slide (expand and contract) with respect to the cylinder body 161. The
rod 162 is formed in a columnar shape and arranged with the axis directed in the vertical direction.
The rod 162 is arranged to protrude upward from the cylinder body 161. The rod 162 is inserted
into a hole 124 formed to vertically penetrate the lower holding part 120 and is arranged to

protrude above the lower holding part 120. The upper end portion of the rod 162 is fixed to the
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upper holding part 130. By appropriately supplying air to the cylinder body 161, the rod 162 can
be vertically slid with respect to the cylinder body 161. Nevertheless, the rod 162 is not
necessarily fixed to the upper holding part 130, and for example, the upper end of the rod 162 may
be brought into contact with the upper holding part 130 from below without being fixed to the
upper holding part 130.

[0064] By using the actuator 160 having the rod 162 which is fixed to the lower holding part
120 and expands and contracts in one direction in this way, the upper holding part 130 can be
relatively moved in the direction approaching or in the direction separating from the lower holding
part 120. Further, with the operation of the actuator 160, the lower holding part 120 and the
upper holding part 130 can be moved upward and downward, respectively. Details of the
operation using the actuator 160 will be described later.

[0065] As shown in FIG. 3, the actuator 160 configured in this way is respectively provided at
a set of diagonal corner sections (front right and rear left corner sections) of the lower holding part
120 which is formed in a rectangular shape in plan view.

[0066] In this way, the upper stopper mechanism 140, the lower stopper mechanism 150, and
the actuator 160 are respectively arranged at a set of diagonal corner sections (front right and rear
left corner sections) of the lower holding part 120. The upper stopper mechanism 140, the lower
stopper mechanism 150, and the actuator 160, which are arranged at the diagonal corner section,
are arranged side by side in the front-rear direction so as to approach each other. Further, the
upper stopper mechanism 140 and the lower stopper mechanism 150 are respectively arranged at
the other set of diagonal corner sections (front left and rear right corner sections) of the lower
holding part 120. The upper stopper mechanism 140 and the lower stopper mechanism 150,
which are arranged at the diagonal corner section, are arranged side by side in the front-rear
direction so as to approach each other.

<Operation of the holding mechanism 100>
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[0067] The holding mechanism 100 configured in this way can sandwich and hold the film F
from above and below with the lower holding part 120 and the upper holding part 130 as described
above. The operation of the holding mechanism 100 will be described below with reference to
FIG. 2, FIG. 3, FIG. 6, and FIG. 7.

[0068] First, the operation when the holding mechanism 100 sandwiches and holds the film F
will be described. In FIG. 6 and FIG. 7, the two-dot chain lines indicate how each part moves
when the film F is sandwiched.

[0069] (a) of FIG. 6 shows a state where the holding mechanism 100 does not hold the film F.
In this state, the rod 162 of the actuator 160 is expanded, and the lower holding part 120 and the
upper holding part 130 are vertically separated from the film F, respectively.

[0070] When the rod 162 of the actuator 160 is contracted from the state shown in (a) of FIG. 6,
the upper holding part 130 moves downward together with the rod 162, as shown in (b) of FIG. 6.
Thus, the upper holding part 130 approaches the film F from above.

[0071] Further, the movable shaft 143 also moves downward together with the upper holding
part 130. When the movable shaft 143 moves downward to a predetermined position, the stopper
144 fixed to the movable shaft 143 contacts the lower bushing 141. Thus, the downward
movement of the upper holding part 130 is restricted.

[0072] When the rod 162 of the actuator 160 is further contracted from the state shown in (b) of
FIG. 6, since the movement of the upper holding part 130 is restricted, as shown in FIG. 7, the
lower holding part 120 to which the cylinder body 161 is fixed, rather than the upper holding part
130, moves upward. Thus, the lower holding part 120 approaches the film F from below.
[0073] By moving the lower holding part 120 upward, the film F is sandwiched between the
lower holding part 120 (more specifically, the sponge 122 provided on the lower holding part 120)
and the upper holding part 130. At this time, the sponge 122 properly deforms so that the film F

can be held more reliably.
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[0074] Thus, by operating the common actuator 160 (contracting the rod 162), the film F can be
held by sequentially moving the upper holding part 130 and the lower holding part 120. In this
state, the rectangular portion S (hatched portion in FIG. 3) of the film F along the sponge 122 is
sandwiched and held by the lower holding part 120 (sponge 122) and the upper holding part 130.
The range (rectangular range) inside the portion where the film F is sandwiched in this way is to
be processed by the laser mechanism 50 (hereinafter, this range is referred to as a processing target
range P). By sandwiching and holding the portion S extending around the processing target
range P with the holding mechanism 100, it is possible to prevent the film F in the processing
target range P from shaking or wrinkling due to the influence of vibration or air.

[0075] As shown in FIG. 2, since the opening 131 of the upper holding part 130 is formed
smaller than the opening 121 of the lower holding part 120, the sponge 122 provided on the lower
holding part 120 is arranged so as to be covered from above by the upper holding part 130. Thus,
when the film F is processed, it is possible to prevent the sponge 122 from being irradiated with
the laser light emitted from above, and prevent damage to the sponge 122.

[0076] Next, the operation when the holding mechanism 100 releases the holding of the film F
will be described.

[0077] When the rod 162 of the actuator 160 is expanded from the state shown in FIG. 7, the
cylinder body 161 moves downward. Thus, the lower holding part 120 to which the cylinder
body 161 is fixed also moves downward away from the film F.

[0078] When the lower holding part 120 moves downward to a predetermined position, the
stopper 152 fixed to the lower holding part 120 comes into contact with the fixed shaft 151, as
shown in (b) of FIG. 6. Thus, the downward movement of the lower holding part 120 is restricted.
[0079] When the rod 162 of the actuator 160 is further expanded from the state shown in (b) of
FIG. 6, since the movement of the lower holding part 120 is restricted, the upper holding part 130

to which the rod 162 is fixed, rather than the lower holding part 120, moves upward, as shown in
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(a) of FIG. 6. Thus, the upper holding part 130 is separated from the film F and moves upward.
[0080] By operating the common actuator 160 (expanding the rod 162) in this way, the upper
holding part 130 and the lower holding part 120 can be sequentially moved to release the holding
of the film F. In this state, the film F can be moved toward the winding roller 21 by rotating the
feeding roller 23 (see FIG. 1). In particular, by respectively moving the upper holding part 130
and the lower holding part 120 upward and downward (away from the film F), it is possible to
prevent the film F from rubbing against the upper holding part 130 and the lower holding part 120
when the film F moves.

<Shape of the hole F1>

[0081] Next, the shape of the hole F1 formed in the film F by the laser mechanism 50 will be
described.

[0082] As shown in (a) of FIG. 8, in this embodiment, a plurality of holes F1 are formed in the
processing target range P of the film F. (a) of FIG. 8 shows an example in which a plurality of
holes F1 are formed within a circular range on the assumption that the film F is used for a circular
wafer.

[0083] When forming the hole F1, the laser mechanism 50 irradiates a laser light along a straight
trajectory T, as shown in (b) of FIG. 8. Thus, as shown in (¢) of FIG. 8, an elongated hole F1
having a substantially constant width can be formed in the film F. In this embodiment, the hole
F1 is formed with a width A of 0.2 to 1.0 mm and a length B of 1.0 to 2.5 mm.

[0084] As described above, in this embodiment, the laser light is irradiated straight instead of
annularly (for example, circularly) so as to hollow out the hole F1, which can suppress adhesion
of the residue of the processed film F to the film F.

[0085] Nevertheless, the shape of the hole F1 is not limited to the shape described above, and
may be any shape. For example, the aforementioned dimensions of the hole F1 are an example

and can be changed arbitrarily. In addition, it is also possible to form the hole F1 by irradiating
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the laser light along a bent linear (curved) trajectory T such as a circle instead of a straight line.
From the viewpoint of suppressing adhesion of the residue of the film F as described above, it is
desirable to irradiate the laser light along the linear trajectory T in which the ends are not connected.
[0086] Although the embodiments of the present invention have been described above, the
present invention is not limited to the above embodiments, and can be modified as appropriate
within the scope of the technical idea of the invention described in the claims.

[0087] For example, as shown in FIG. 2, this embodiment illustrates an example in which the
sponge 122 is provided on the lower holding part 120 so as to reliably sandwich the film F.
However, what is provided on the lower holding part 120 is not limited to the sponge 122, and
may be an elastic member (for example, rubber or the like).

[0088] Further, this embodiment illustrates an example in which the sponge 122 is provided on
the lower holding part 120, but it is also possible to provide the sponge 122 on the upper holding
part 130 instead of the lower holding part 120 or on both the lower holding part 120 and the upper
holding part 130. In addition, it is not always necessary to provide the sponge 122, and it is also
possible to configure such that the film F is directly sandwiched between the lower holding part
120 and the upper holding part 130.

[0089] Further, as shown in FIG. 3 and (a) of FIG. 9, this embodiment illustrates an example in
which the portion S extending around the processing target range P of the film F is sandwiched
and held by the holding mechanism 100, but the portion sandwiching the film F is not limited
thereto. For example, as shown in (b) of FIG. 9, it is also possible to sandwich and hold the
portions S on the lateral sides of the processing target range P of the film F. In particular, (b) of
FIG. 9 shows an example in which both sides of the processing target range P of the film F (both
end portions in the width direction (front-rear direction) with respect to the conveying direction
of the film F) are sandwiched and held. Nevertheless, the present invention is not limited to the

example of (b) of FIG. 9, and it is also possible to configure such that only one side (one lateral
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side) of the processing target range P of the film F is sandwiched and held.

[0090] Besides, as shown in (c) of FIG. 9, it is also possible to sandwich and hold a plurality of
portions S of the film F. By sandwiching and holding at least both end portions of the film F in
the width direction with respect to the conveying direction (the direction in which tension is
applied by the conveyance mechanism), it is possible to prevent the film F in the processing target
range P from shaking or wrinkling due to the influence of vibration or air.

[0091] Further, in this embodiment, as shown in FIG. 5, the actuator 160 (cylinder body 161) is
fixed to the lower holding part 120, but the arrangement of the actuator 160 is not limited thereto.
For example, it is also possible to fix the cylinder body 161 to the upper holding part 130 and
connect the rod 162 to the lower holding part 120.

[0092] Further, this embodiment illustrates an example of using an air cylinder as the actuator
160, but it is possible to use various other systems (for example, an electric cylinder, a hydraulic
cylinder, etc.) as the actuator 160.

[0093] Moreover, in this embodiment, as shown in FIG. 3, the upper stopper mechanism 140
and the lower stopper mechanism 150 are respectively provided at the corner sections of the lower
holding part 120, and the actuator 160 is respectively provided at one set of diagonal corner
sections of the lower holding part 120. However, the arrangement of the upper stopper
mechanism 140, etc. is not limited thereto, and the upper stopper mechanism 140, etc. can be
arranged at any position according to the size, shape, etc. of each part of the holding mechanism
100.

[0094] Further, this embodiment illustrates an example in which the film F held by the holding
mechanism 100 is processed by the laser mechanism 50, but the processing method is not limited
thereto, and various processing methods can be adopted. For example, it is also possible to
process the film F held by the holding mechanism 100 by using a cutting tool, by water pressure

(water jet) or by using plasma (that is, suitable for an atmospheric pressure/vacuum plasma
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processing device).

[0095] In addition, this embodiment illustrates an example in which the film F is the object
(workpiece) to be processed by the laser processing device 1, but it is possible to use not only the
film F but also various other processing objects. For example, it is possible to process various
processing objects such as metal, rubber, paper, and fabric.

[0096] It is also possible to provide the laser processing device 1 with mechanisms other than
the mechanisms exemplified in this embodiment. For example, when toxic gas is generated
during the processing (for example, when processing a fluorine-based film F), it is also possible
to separately provide an exhaust gas processing device.

[0097] Asdescribed above, the laser processing device 1 according to this embodiment includes:
a conveyance mechanism (unwinding mechanism 10 and winding mechanism 20) conveying the
film F; a holding mechanism 100 having a pair of holding parts (lower holding part 120 and upper
holding part 130) capable of sandwiching and holding at least the lateral sides of the processing
target range P of the film F; and a laser mechanism 50 processing the processing target range P of
the film F held by the holding mechanism 100. By configuring in this way, the film F can be
stably processed. That is, by holding both lateral sides of the film F, it is possible to prevent the
film F from shaking or wrinkling due to the influence of vibration or air. The unwinding
mechanism 10 and the winding mechanism 20 according to this embodiment are an embodiment
of the conveyance mechanism according to the present invention. In addition, the lower holding
part 120 and the upper holding part 130 according to this embodiment are an embodiment of a
pair of holding parts according to the present invention.

[0098] Further, the pair of holding parts are formed in a frame shape capable of sandwiching
the portion S of the film F extending around the processing target range P. By configuring in
this way, the film F can be processed more stably. That is, by holding the periphery of the

processing target range P, it is possible to more effectively prevent the film F from shaking or
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wrinkling due to the influence of vibration or air.

[0099] Further, the pair of holding parts are arranged so as to face each other with the film F
sandwiched therebetween. By configuring in this way, the film F can be processed more stably.
That is, the film F can be sandwiched more reliably by the pair of holding parts arranged to face
each other vertically.

[0100] Further, the holding mechanism 100 includes the common actuator 160 that move the
pair of holding parts in a direction approaching and a direction separating from the film F. By
configuring in this way, the pair of holding parts can be moved by the common actuator 160, and
the structure of the laser processing device 1 can be simplified.

[0101] Further, the laser mechanism 50 processes to form a plurality of holes F1 in the film F.
By configuring in this way, the flowability of air through the film F can be improved. Thus,
when the film F is used as a release film, a wafer or the like can be stably sucked through the film
F.

[0102] Further, the laser mechanism 50 forms the holes F1 in an elongated shape. By
configuring in this way, it is possible to suppress adhesion of the residue of the processed film F
to the film F. In particular, by irradiating the laser light along the linear trajectory T as in this
embodiment, it is possible to effectively prevent the residue from adhering to the film F.

[0103] Further, the conveyance mechanism pulls out the film F wound in a roll shape and
conveys the film F to the holding mechanism 100, and winds the film F processed by the laser
mechanism into a roll shape. By configuring in this way, the roll-shaped film F can be stably
processed.

[0104] Moreover, a manufacturing method of a processed article (the film F formed with the
holes F1) according to this embodiment processes the film F using the laser processing device 1.
By configuring in this way, the film F can be stably processed. That is, by sandwiching and

holding both lateral sides of the film F, it is possible to prevent the film F from shaking or
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Reference Signs List

[0105]

1 laser processing device

10 unwinding mechanism

20 winding mechanism

30 upper dust collecting mechanism
40 lower dust collecting mechanism
50 laser mechanism

100 holding mechanism

120 lower holding part

130 upper holding part

140 upper stopper mechanism

150 lower stopper mechanism

160 actuator
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CLAIMS:
[Claim 1]

A laser processing device, comprising:

a conveyance mechanism conveying a film;

a holding mechanism having a pair of holding parts capable of sandwiching and holding at
least lateral sides of a processing target range of the film; and

a laser mechanism processing the processing target range of the film held by the holding
mechanism.

[Claim 2]

The laser processing device according to claim 1, wherein the pair of holding parts are formed
in a frame shape capable of sandwiching a portion of the film extending around the processing
target range.

[Claim 3]

The laser processing device according to claim 1 or 2, wherein the pair of holding parts are
arranged so as to face each other with the film sandwiched therebetween.
[Claim 4]

The laser processing device according to any one of claims 1 to 3, wherein the holding
mechanism comprises a common actuator that moves the pair of holding parts in a direction
approaching and a direction separating from the film.

[Claim 5]

The laser processing device according to any one of claims 1 to 4, wherein the laser

mechanism processes to form a plurality of holes in the film.
[Claim 6]
The laser processing device according to claim 5, wherein the laser mechanism forms the

holes in an elongated shape.
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[Claim 7]

The laser processing device according to any one of claims 1 to 6, wherein the conveyance
mechanism pulls out the film wound in a roll shape and conveys the film to the holding mechanism,
and winds the film processed by the laser mechanism into a roll shape.

[Claim 8]
A processed article manufacturing method, processing the film using the laser processing

device according to any one of claims 1 to 7.
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