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SPECIFICATION
TITLE OF THE INVENTION
Apparatus And Method For Processing
BACKGROUND OF THE INVENTION

The present invention relates to a processing
apparatus and a processing method used in processing thin
sheet-1like articles for multilayer boards of electric
appliances, etc. with the use of, e.g., a laser.

Processing with laser light has been considered
for thin sheet articles of resin or metal used for
multilayer boards or the like where high-density electronic
circuits are to be formed, so as to process fine patterns
at required points at high speed with high accuracy. In
producing three-dimensional highly integrated boards, high
process accuracy 1is required particularly to form through
holes (via holes) for via electrodes of the multilayer
board. At the same time, the laser processing is required
to be carried out to each of as many circuits as possible
arranged in matrix on one base thin sheet article of a
large area to meet low-cost production.

In order to accurately process surfaces of thin
sheet bodies of a large.area by a laser, the sheet article
is placed and held on a table and then the laser light is
projected on the article to process it.

However, since the article is placed on the table,
via holes can not be formed in the article with the laser
light because some damage might be subjected to the surface

of the table when the via holes are formed in the article.
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SUMMARY OF THE INVENTION

The present invention is devised to solve the
above-described inconvenience, and has for its object to
provide an apparatus and a method whereby via holes can be
formed in thin sheef—like articles with laser light without
any damage to a member for supporting the articles.

In accomplishing these and other aspects,
according to a first aspect of the present invention, there
is provided a processing apparatus for sheet-like articles,
which comprises:

a tension device for holding a sheet-like article
while apﬁlying a tensile force to the sheet-like article;

a holding member for holding a part of a
periphery of a process area of the sheet-like article when
the sheet-like article is processed at the processing area;

a moving device for relatively moving the sheet-
like article and the holding member to form a plurality of
the process areas in the sheet-like article in a state
wherein the sheet-like article is pulled by the tension
device and held by the holding member; and

a control device for letting the moving device
relatively move the sheet-like article and the holding
member with preventing the holding member from rubbing the
process areas already formed in the sheet-like article.

According to a second aspect of the present
invention, there is provided a processing apparatus for
sheet-like articles according to the first aspect, wherein

the part of the periphery of the process area held by the
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holding member is located in parallel to a row direction of
the sheet-like article in the case of the relative movement
by the moving device in the row direction and at a forward
side of the movement in the case of the relative movement
in a column direction of the sheet-like article so that the
holding member does not rub the already processed areas of
the sheet-like article.

According to a third aspect of the present
invention, there is provided a processing apparatus for
sheet-like articles according to the first or second aspect,
wherein the sheet-like article is processed by laser light,
and the apparatus further comprising a laser light
projection device for projecting the laser light for the
processing to the sheet-like article.

"According to a fourth aspect of the present
invention, there is provided a processing apparatus for
sheet-1like articles according to the third aspect, wherein
the sheet-like article is processed to form a through hole
by laser 1light, and the apparatus further comprising a
laser light projection device for projecting the laser
light for the processing to the sheet-like article.

According to a fifth aspect of the present
invention, there is provided a processing apparatus for
sheet-like articles according to any one of the first to
fourth aspects, wherein the holding of the sheet-like
article by the holding member is achieved through a suction
operation, and the apparatus further comprising a sucking

device for performing the suction operation.
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According to a sixth aspect of the present
invention, there is provided a method for processing sheet-
like articles, which comprises:

holding a sheet-like article while applying a
tensile force to the sheet-like article to be processed and
holding a part of a periphery of a process area to be
processed of the sheet-like article by a holding member;
and

relatively moving the sheet-like article and the
holding member in order to form a plurality of the process
areas in the sheet-like article in such manner that the
process areas already formed in the sheet-like article are
not rubbed by the holding member while the part of the
periphery of the process area is held.

"According to a seventh aspect of the present
invention, there is provided a method for processing sheet-
like articles according to the sixth aspect, whereby the
sheet-like article is processed by laser light.

According to an eighth aspect of the present
invention, there is provided a method for processing sheet-
like articles according to the seventh aspect, whereby the
sheet-like article is processed to form a through hole by
laser light.

.\ According to a ninth aspect of the present
invention, there is provided a method for processing sheet-
like articles according to the sixth, seventh or eighth
aspect, whereby the holding of the part of the periphery of

the process area is achieved through a suction operation.
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BRIEF DESCRIPTICON OF THE DRAWINGS
These and other aspects and features of the

present invention will become clear from the following

description taken in conjunction with the preferred

embodiments thereof Qith reference to the accompanying
drawings, in which:

Fig. 1 is a side view of a laser processing
apparatus for sheet-like articles in an embodiment of the
present invention;

Fig. 2 is a sectional view of a part of a holding
member of the apparatus shown‘in Fig. 1;

Fig. 3 is a diagram of the constitution of an
adhesion support device of Fig. 1;

Fig. 4 is a diagram of an operation of the laser
processing apparatus for sheet-like articles of Fig. 1,
specifically indicating a direction of a relative movement
of the holding member and the sheet-like article;

Fig. 5 is a diagram of another example of the
direction of the relative movement of Fig. 4;

Fig. 6 is a diagram of a further example of the
direction of the relative movement of Fig. 4;

Fig. 7 1s a side view of a laser processing
apparatus;

Fig. 8 is a diagram showing the constitution of a
suction support device shown in Fig. 7;

Fig. 9 is a diagram of an operation of the laser
processing apparatus shown in Fig. 7, specifically showing

a direction of a relative movement of a frame-like member
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and a thin sheet article;

Fig. 10 is a perspective view of a holding member
of a laser processing apparatus for sheet-like articles in
a modification of the embodiment of the present invention;

Fig. 11 is a sectional view of the holding member
shown in Fig. 10;

Fig. 12 is a bottom view of the holding member
shown in Fig. 10; and

Fig. 13 is a diagram of an operation of the laser
processing apparatus for sheet-like articles of Fig. 10.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Before the description of the present invention
proceeds, it is to be noted that like parts are designated
by 1like reference numerals throughout the accompanying
drawings.-

A laser processing apparatus for sheet-like
articles and a method carried out by the laser processing
apparatus éccording to an embodiment of the present
invention, will be described with reference to the drawings
in which 1like parts are designated by 1like reference
numerals.

Before the embodiment 1s described, first, the
content of the present invention is described below.

The appliéant has proposed, by way of example, a
laser processing apparatus 50 as shown in Figs. 7 and 8 in
Japanese Patent Application No. 9-23081 (the counterpart
U.S. Patent Application No. 09/005,375) to accurately

process thin sheet articles of a large area by a laser.
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The laser processing apparatus 50 includes a clamp device
51 applying a tension to a thin sheet article 1, a suction
support device 52 having a frame-like member 11 and a
suction device 55 as described below for sucking and
supporting one fraction part 2 corresponding to one circuit
part of the thin sheet article 1 to maintain the part 2 in
a flat state by the above tension, a laser light projection
device 53 for processing the fraction part 2 sucked and
supported by the suction support device 52 with laser light,
a moving device 54 for relatively moving the thin sheet
article 1 to the laser light projection device 53 and the
suction support device 52 so that each fraction part 2 of
the thin sheet article 1 is sequentially processed with
laser light, and a positioning device 56 for moving and
positioning the frame-like member 11 to the thin sheet
article 1 in a thicknesswise direction of the thin sheet
article 1.

As shown in Fig. 8, the suction support device 52
includes the frame-like member 11 of a square pipe and the
suction device 55. A plurality of leading end openings 12a
are provided in a contact face 1lla of the frame-like member
11 confronting the thin sheet article 1, thereby letting
the contact face 1la surrounding the whole periphery of the
fraction part 2 of the thin sheet article 1 suck and
support the fraction part 2. The leading end openings 12a
communicate with one another through a conduit 12 in the
frame-like member 11, and are connected to the suction

device 55 via the conduit 12 and a pipe 13.
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The positioning device 56 brings the frame-like
member 11 into touch and out of touch with the thin sheet
article 1. When the frame-like member 11 is brought to a
position where the frame-like member 11 is separated from
the thin sheet article 1, the thin sheet article 1 can be
moved at high speed by the moving device 54 in a noncontact
state to the frame-like member 11.

According to the laser processing apparatus 50
constituted as above, since the thin sheet article 1 is
moved by the moving device 54, the frame-like member 11
should be positioned by the positioning device 56 in the
thicknesswise direction at every time of the above movement
of the thin sheet article 1, which hinders further
improvement in process speed for the thin sheet article 1.

This problem can be eliminated by a method whereby the
frame-like member 11 and the thin sheet article 1 are moved
relatively to the fraction part 2 to be processed next
while the frame~like member 11 keeps sucking the thin sheet
article 1.

Meanwhile, in the case of the above movement
while sucking, the whole periphery of the fraction part 2
is sucked by the contact face 1lla of the frame-like member
11 in the suction support device 52 of the laser processing
apparatus 50 as described above, and therefore, a laser-
processed part of the sheet article 1 which is indicated by
oblique 1lines in Fig. 9 unfavorably rubs against the
contact face lla of the frame-like member 11 in the above

method of relatively moving the frame-like member 11 and
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thin sheet article 1, as indicated in Fig. 9, with the
result that the processed part is deformed or foreign
articles are mixed and caught in the sheet-like article.
The present embodiment of the present invention
is devised to solve the above-described inconvenience, and
has for its object to provide an apparatus and a method for
processing sheet-like articles whereby thin sheet-like
articles are ©processed at improved process speed as
compared with the previous apparatus and method, without
deforming parts of the thin sheet-like articles after
processed with laser 1light and with preventing foreign
articles from being mixed in the thin sheet-like articles.
The embodiment exemplifies thin sheet-1like
articles formed of resin which are used for multilayer
boards of electric appliances or the like and each of which
has a tﬁickness of about 0.15-0.2mm. The material is not
restricted so long as the article is like a thin sheet.
Although laser processing is adopted as an example of a
method of processing the sheet-like article, for example,
to form through holes (via holes) for via electrodes of the
multilayer board, the method is not limited to the léser
processing. Specifically, printed circuit boards with
components mounted at high density have been recently
requested Dbecause of miniaturization of electronics
equipments. The present embodiment can be applied to such
printed circuit board production. As one example of the
printed «circuit Dboard, several tens through several

hundreds through holes are formed in a sheet of thin
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printed circuit board material with a thickness of several
tens micrometers through several hundreds micrometers
through the laser processing, then conductive paste are
inserted into the formed holes, and then the boards are
laminated each other to form a multilayer board while the
conductive paste in each hole is connected to a specified
electrode(s) or a circuit(s). During the above through
hole formation, it is necessary to form through holes in
the board. In order to form such a multilayer board with
good accuracy, it 1is preferable to apply the present
embodiment to such through hole formation, because through
holes can be formed wifh good accuracy and the optimum
configuration while each board as the material is held
without any obstruction to form through holes. Fig.
1 shows a laser processing apparatus 101 for sheet-like
articles of the present embodiment. The laser processing
apparatus 101 for sheét—like articles is constituted
substantially in the same manner as the above-described
laser processing apparatus 50. However, suction support
device 120 and a control device 200 to be described later
are different from in the laser processing apparatus 50,
which feature the laser processing apparatus 101 for sheet-
like articles of the embodiment.

The laser processing apparatus 101 for sheet-like
articles has a tension device 110 corresponding to the
above-described clamp device 51, the suction support device
120 corresponding to the above-described suction support

device 52 except for different portions, a laser 1light
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projection device 140 corresponding to the above-described
laser light projection device 53, a moving device 160
corresponding to the above~described moving device 54, a
positioning device 180 corresponding to the above-described
positioning device 56, and the control device 200. Each of
these parts will be depicted in detail below.

The moving device 160 with the tension device 110
is set on a base 102 constituting the laser processing
apparatus 101 for sheet-like articles. The moving device
160 is equipped with a Y-table 161 which is slid by a
driving device 162 in a Y direction of X, Y directions
orthoéonal to each other on a plane and an X-table 163
which 1is arranged over the Y-table 161 and slid by a
driviﬁg device 164 in the X direction. The driving devices
162, 164 are connected to the control device 200. The
control device 200 controls each movement amount of the Y-
table 161 and X-table 163.

The tension device 110 set on the X-table 163 has
a fixed clamp member 111 and a movable clamp member 112
both extending in the Y direction and faced to each other.
A rectangular sheet-like article 1 to be processed with
laser light is arranged at an area between the clamp member
111 and the clamp member 112. While side edge portions in
parallel to, e.g., the Y direction of the thus—arranged
sheet~-like article 1 are held by the clamp member 111 and
the clamp member 112, the sheet-like article 1 is pulled in
the X direction. Specifically, the movable clamp member

112 is mounted in a manner to be movable in the X direction
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above the X-table 163, and moreover is urged at all times
by an expansion force of a spring 113 set between a side
edge part 114 in the X direction of the X-table 163 and the
clamp member 112 towards the side edge part 114. The
sheet-like article 1 when held between the clamp member 111
and the clamp member 112 is accordingly pulled in the X
direction by the expansion force acting to the movable
clamp member 112 so that a tensile force is applied to the
sheet-1like article 1. The holding of the sheet-like
article 1 by the clamp members 111, 112 can be released
upon necessities after the sheet-like article 1 is
completely processed or on the similar occasion.

The laser light projection device 140 projects
laser light to the sheet-like article 1 set as above from a
thicknesswise direction of the sheet-like article 1. The
laser light projection device 140 includes a laser light
generation device 141, a mirror 142, and a lens 143. The
laser light generation device 141 is fitted to a frame 103
standing on the base 102. The laser light projected from
the laser light generation device 141 is deflected towards
the sheet-like article 1 by the mirror 142. Thereafter, a
focus of the laser light is adjusted by the lens 143 to be
met on a process face la of the sheet-like article 1, and
then the laser light is projected to the process face la.
The laser light generation device 141 is connected to the
control device 200, and therefore the generation of laser
light is controlled by the control device 200.

Roughly, the suction support device 120 which
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features the embodiment comprises a holding member 121
holding through a suction operation a part of the periphery
of a process area 104 of the sheet-like article 1 to be
processed by the laser light so as to maintain the process
area 104 in a flat state by the above tensile force, and a
sucking device 131 connected to the holding member 121 to
execute the suction operation. The holding member 121 of
the suction support device 120 is supported above the
sheet-like article 1 by a positioning device 180 and is
movable in a thicknesswise direction of the sheet-like
article 1.

The holding member 121 will be more specifically
depicted. According to the present embodiment, the holding
member 121 corresponds to the frame-like member 11 and is a
flat body shaped like a frame having a square hollow part
122 corresponding toc the above process area 104, as shown
in Fig. 3. A difference from the earlier-discussed frame-
like member 11 is that only one of four frame members 121-1,
121-2, 121-3 and 121-4 of the holding member 121, for
instance, 121-4 is in-'touch at a contact face 123 with the
sheet-like article 1, as is clear from Figs, 2 and 3,
whereas every one of four frame members constituting the
frame-like member 11 of Fig. 7 is in touch with the sheet-
like article 1. The hollow part 122 of the holding member
121 is formed in a size not to interfere with a laser light
3 passing the lens 143. The holding member 121 conforms to
the periphery of each process area 104 of the sheet-like

article 1. Opening parts 12a are formed at the contact
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face 123 to hold the sheet-like article 1 through the
suction operation. The opening parts 12a are guided to the
sucking device 131 via a conduit 12 formed in the frame
member 121-4 and a flexible tube 13 connected to the
conduit 12. |

While only the contact face 123 is kept in touch
with the sheet-like article 1 thereby holding the sheet-
like article 1 through the suction operation, in the
embodiment, the moving device 160 drives the holding member
121 to move relatively to the sheet-like article 1 as
indicated by arrows 124 in Fig. 4. Therefore, although the
suction operation is maintained,.the sheet-like article 1
is processed all over the face, e.g., in matrix thereby
obtaining process areas 104 without the contact face 123
brought in touch with already processed areas 104.

Since the sheet-like article 1 is held through
the suction operation at the contact face 123, the sheet-
like article 1 is prevented from slacking because of its
own weight and consequently accurate laser processing is
enabled to the process areas 104.

A direction of the relative movement between the
contact face 123 and the holding member 121 to the sheet-
like article 1 so as to keep the contact face 123 from
rubbing the laser-processed areas, that is, a direétion in
which the laser processing is performed is as follows.
According to the present embodiment, as shown in Fig. 4 and
described hereinabove, when the process areas 104 are

formed in matrix in the sheet-like article 1 and the
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holding member 121 moves relatively to the sheet-like
article 1 in a staggered locus, the contact face 123
preferably extends in parallel to a row direction, i.e., in
the Y direction and is preferably disposed at the side of a
column direction, namely, in the X direction.

According to the present embodiment, the contact
face 123 never rubs the areas already processed with laser
light and, the holding member 121 and the sheet-like
article 1 are relatively moved zigzag. The movement amount
is rendered minimum. Since the contact face 123 always
comes to touch with the area not vyet processed/ a dead
space 106 to lét the contact face 123 pass as shown in Fig.
5 is eliminated between the adjacent process areas 104 in
the column direction, so that a maximum count of process
areas 104 is produced in one sheet-like article 1.

In the case where the above movement amount and
the count of process areas 104 can be smaller than in the
embodiment, for instance, the contact face 123 and
directions of the relative movements shown in Figs. 5 and 6
are adoptable.

As one modification of the embodiment, as shown
in Figs. 10, 11, and 12, the frame members 121-3a and 121-
la are additionally arranged on the holding member 1121 in
parallel to each other in the column direction of the
holding member 1121 perpendicular to the longer axial
direction of the contact face 123 of the frame member 121-4,
namely, in the X direction in the modification, and each of

the frame members 121-3a and 121-la has a length shorter
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than the side length of the process area 104 in the X
direction. Each of the frame members 121-3a and 121-la
has at each one side thereof a guide bar 401 slidably held
and guided by a C-shaped guide member 402 fixed to the
holding member 1121 and elongated in the vertical direction
of the sheet-like article 1, and at each the other side
thereof a driving device 400 such as air cylinder fixed to
the holding member 1121 which piston rod is fixed to a
lower end L-shaped bend portion 404 or 405 of the frame
member 121-3a or 121-la. Thus, when the driving devices
400 are driven, the frame members 121-3a and 121-la are
independently moved upward or downward so that the lower
end L-shaped bend portions 404, 405 are independently moved
upward or downward within spaces 406 at a lower end portion
of the holding member 1121 so as to bring into contact with
the sheet-like article 1 or separate therefrom. Openings
12a are formed in contact faces 404a, 405a of the L-shaped
bend portions 404, 405 of the frame members 121-3a and 121-
la while the contact faces 404a, 405a can bring into
contact with the sheet-like article 1, so that the sheet-
like article 1 can be sucked through the openings 12a and
held with the suction.

In the modification, in a case where the holding
member 1121 relatively moves on the sheet-like article 1 in
zigzag as shown in Fig. 13, when the holding member 1121
moves in, for example, the left direction of Fig. 13, the
following operation is carried out. That is, as shown by

solid lines in Fig. 13, the contact face 404a of the left



10

15

20

25

17

frame member 121-3a located at the front side of the moving
direction of the holding member 1121 and the contact face
123 of the frame member 121-4 bring into contact with the
sheet-like article 1 with the sheet-like article 1 sucked
and held with the left frame member 121-3a and the frame
member 121-4, while the contact face 405a of the right
frame member 121-la located at the rear side of the moving
direction of the holding member 1121 is separated from the
sheet-like article 1. Under such a condition, the holding
member 1121 moves on the process area 104 in the left
direction. On the other hand, the holding member 1121
moves in, for example, the right direction of Fig. 13, the
following operation is carried out. As shown in Fig. 12,
the contact face 405a of the right frame member 121-la
located at the front side of the moving direction of the
holding member 1121 and the contact face 123 of the frame
member 121-4 bring into contact with the sheet-like article
1 with the sheet-like article 1 sucked and held with the
right frame member 121-la and the frame member 121-4, while
the contact face 404a of the left frame member 121-3a
located at the rear side of the moving direction of the
holding member 1121 is separated from the sheet-like
article 1. Under such a condition, the holding member
1121 moves on the process area 104 in the right direction.
In such a manner, when the zigzag processing is carried
out, either one of the contact faces 404a and 405a which is
located at the front side of the moving direction is held

at the same height as the sheet-like article 1 to be
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capable of sucking and holding the sheet-like article 1 and
the other of them is moved upward to a height not to bring
into contact with the sheet-like article 1. These
operations are carried out at a position where the moving
direction of the holding member 1121 is changed from the
right to left or left to right directions, so that the
contact face located at the front side of the moving
direction is moved downward to bring'into contact with the
sheet-like article 1 while the contact face located at the
rear side of the moving direction is moved upﬁard not to
bring into contact with the sheet-like article 1, that is,
to separate from the sheet-like article.l. According to
the above height exchange operation at the contact faces at
the front and rear sides of the moving direction, the
holding member 1121 does not rub the already laser-
processed area with tﬁe contact faces 123, 404a, 405a and
the processing can be carried out continuously. According
to the above arrangement, two peripheral sides of the
rectangular process area 104 can be always held with the
suction, and thus, the process area 104 of the sheet-like
article 1 in the vertical direction can be positioned with
improved stability, as compared with a case where one
peripheral side of the rectangular process area 104 is
always held with the suction.

An example of the holding member 121 is formed
like a square frame having the hollow part 122 of
approximately 10cmx10cm, in which the contact face 123 has

a breadth of about 1lcm and the opening 12a is a circle of a
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diameter of about 1lmm, and a plurality of openings l2a are
formed via a pitch of approximately lcm. One example of
the vacuum pressure for the suction operation is 180mmHg.
The sucking device 131 has switch valves 125, 126
connected to the earlier-mentioned tube 13, a discharge
device 127 connected to the switch wvalve 125, and a wvacuum
pump 130 connected to the switch wvalve 126. The switch
valves 125, 126 are switched by the control device 200 to
selectively connect the tube 13 with either of the
discharge device 127 and the wvacuum pump 130. In other
words, in the normal state, the tube 13 is connected to the
vacuum pump 130 by thé switch valve 126 through the filter
129 in order to carry out the suction operation. At this
time, the tube 13 is disconnected from the discharge device
127 by the switch wvalve 125. The discharge device 127
includes a compressor 128 for generating compressed. air.
When the tube 13 and the discharge device 127 are connected
with each other by the switch valve 125, the connection
between the tube 13 and the wvacuum pump 130 is shut by the
switch valve 126. The compressed air genefated at the
compressor 128 is jetted out of the openings 12a via the
switch valve 125, the tube 13, and the conduit 12. Because
of the jetting of the compressed air, précess sé%aps ;hEkéd
in the conduit 12 or remaining at the suction face of the
sheet-like article 1 at the suction operation caﬂ be bl@Wn'
away and removed. ' | : _
The positioning device 180 ;upports-the holdiﬁg..

member 121 over the sheet-like article 1 in a manner that
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the contact face 123 can be in touch with the sheet-like

article 1. The positioning device 180 also moves the
holding member 121 in the thicknesswise direction of the
sheet-like article 1 to connect or separate the contact
face 123 of the holding member 121 to the process face 1la
of the sheet-like article 1. The positioning device 180 is
supported by an arm 105 set to the frame 103. Concretely,
the positioning device 180 has a driving device 181 which
moves the holding member 121 in the thicknesswise direction.
The driving device 181 is connected to the control device
200 which controlé the movement in the thickness direction.

| As referred to above, the control device 200
controls operations of the cpnstitutional parts such as
driving devices 162, 164 of the moving device 160, etc.
Particularly in the embodiment, as described above, the
control device 200 controls operations of the laser light
generation device 141 and the driving devices 162, 164 of
the moving device 60 so that while the contact face 123 of
the holding member 121 is kept in touch with the process
face la of the sheet-like article 1 and the sheet-like
article 1 is kept sucked, the process areas 104 are
sequentially laser-processed in the direction of the arrows
124 of Fig. 4.

The operation of the laser pfocessing apparatus

101 for sheet-like articles which  has the above
construction will be described below. Each operation is
controlled by the control device 200.

The sheet-like article 1 to be laser-processed is
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caught by the clamp members 111, 112 of the tension device
110 and pulled in the X direction by the clamp member 112.
The X-table 163 and the Y-table 161 of the moving device
160 are driven to laser-process, for instance, the process
area 104-1 of Fig. 4. As a result, the hollow part 122 of
the holding member 121 is arranged to meet the process area
104-1.

The holding member 121 is moved towards the
sheet-like article 1 by the positioning device 180, whereby
the contact face 123 of the holding member 121 comes in
touch with the process face la of the sheet-like article 1.
After the contact, the vacuum pump 130 of the sucking
device 131 sucks and adheres the sheet-like article 1 to
the contact face 123, and the sheet-like article 1 is held
to the holding member 121. More specifically, it 1is
designed that the sheet-like article 1 is pulled by the
tensile force applied by the clamp members 111, 112 to form
a flat plane. Actually, it is ?ossible that the sheet-like
article 1 is sagged slightly downward, for example, by
about 0.2mm at portions except for the vicinities of the
clamp members 111, 112 and thus such sagging prevents the
fine laser ©processing. In order to avoid such
inconvenience, the wvicinity of the process area of the
sheet-like article 1 is sucked and held by the holding
member 121 so as to arrange the sheet-like article 1 in the
specified flat plane. Therefore, the holding member 121 is
moved towards the sheet-like article 1 by the positioning

device 180 to a specified position, that is, a position
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where the sheet-like article 1 is arranged in the specified
flat plane when the sheet-like article 1 is sucked and held
at the contact face 123 of the holding member 121 by the
holding member 121. When the holding member 121 is moved
downward to the specified position, even though the contact
face 123 of the holding member 121 does not come in touch
with the process face la of the sheet-like article 1, the
vacuum pump 130 of the sucking device 131 is driven to.suck
and hold the sheet-like article 1 to the contact face 123,
and the sheet-like article 1 is held to the holding member
121 with the sheet-like article 1 arranged in the specified
flat plane. .

Upon completion of the suction, the laser light
is projected from the laser light projection device 140 to
the process face la of the sheet-like article 1, thereby
processing the process area 104-1, for example, forming via
holes in the process area 104-1. At this time, for example,
as shown in Figs. 2 and 3, a compressed air is blown into
the hollow part 122 from a throuéh hole 122p formed in the
frame member 121-3 by a compressed air injection device 500
and the compressed air is sucked and discharged through a
through hole 122p formed in the frame member 121-1
confronting to the frame member 121-3 by a suction device
501 to suck and discharge from the hollow part 122 process
scraps caused in the laser processing.

When the process area 104-1 1is completely
processed by the laser light, for example, when all of via

holes to be formed are formed in the process area 104-1,
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while the sheet-like article 1 is kept adhered to the
contact face 123, the X-table 163 and the Y-table 161 are
moved to relatively move the holding member 121 to the
sheet-like article 1 in the arrow direction 124A of Fig. 4.
The hollow part 122 is accordingly arranged to meet the
process area 104-2 adjacent to the process area 104-1. The
process area 104-2 is then processed with the laser light.
In the same manner afterwards, the holding member 121 is
moved relatively to the sheet-like article 1 in the row and
column directions in compliance with the arrows 124 and
each process area 104 is hence sequentially processed.

After the whole face'of the sheet-like article 1
is processed, the vacuum pump 130 is stopped thereby
stopping the suction operation to the sheet-like article 1.

The holding member 121 is moved to a direction opposite to
the sheet-like article 1 by the positioning device- 180.
The holding of the sheet-like article 1 by the clamp
members 111, 112 is released, and the laser-processed
sheet-like article 1 is taken from the processing apparatus
101.

When another sheet-like article 1 to be processed
remains, the above-described process is repeated.

The switch valves 125, 126 may be changed over,
for example, when one sheet-like article 1 is finished to
be processed, thereby jetting the compressed air from the
compressor 128 through the openings 12a to blow off the
process scraps sucked into the conduit 12 during the

suction operation or left at the suction face of the sheet-
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like article 1.

Although the case where the whole face of the
sheet-like article 1 is processed is described in the above
embodiment, the present invention can be applied to a case
where a partial face of the sheet-like article 1 is
processed.

In Fig. 4, when the holding member 121 is moved
relatively to the sheet-like article 1 in the row and
column directions in compliance with the arrows 124 and
each process area 104 is hence sequentially proceésed, the
holding member 121 brings into contact with the clamp
member 112 at each process area 104 in the final row in the
Y direction, that is, the row adjacent to and parallel to
the clamp member 112, and thus the holding member 121 is
prevented from sucking the sheet-like article 1 unlike the
other process areas. In such a case, the holding member
121 may not suck and hold the sheet-like article 1. At
such vicinity of the clamp member 112, since the sagged
amount of the sheet-like article 1 is suppressed to a
negligible value by the tensile force from the clamp member
112, fine processing can be performed thereat without
sucking and holding the sheet-like article 1.

As described hereinabove, in the laser processing
apparatus 101 for sheet-like articles of the embodiment,
the holding member 121 and the sheet-like article 1 are
moved relatively while the holding member 121 keeps sucking
the sheet-like article 1. Therefore, it is not necessary

to move the holding member 121 in the thicknesswise
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direction of the sheet-like article 1 every time the
holding member 121 moves between the process areas 104. A
time required for processing the sheet-like article 1 can
be accordingly shortened in comparison with the previous
apparatus and method.

Furthermore, since only the contact face 123 of
the frame member 121-4 of the holding member 121 is adapted
to be in touch with the sheet-like article 1, the already
processed areas can be prevented from being rubbed by the
contact face 123 even when the relative movement is carried
out with the suction state maintained as above. A
deformation of laser-processed parts, a mixture of foreign
articles, etc. can be avoided.

Although the embodiment of the process method is
directed to the case where the sheet-like article 1 is
processed with the laser light, the method is not limited
to this laser processing. The present embodiment is
applicable, e.g., to processing of a thin sheet-like
article being held by the holding member.

Although the sheet-like article 1 is moved in the
X, Y directions in the embodiment, oppositely, the holding
member and the laser light projection device may be moved
while the sheet-like article 1 is fixed.

As is fully described hereinabove, according to
the processing apparatus for sheet-like articles and the
process method for sheet-like articles in the present
invention, since the sheet-like article is held while

applying a tensile force to the article and a part of the
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periphery of a process area of the sheet-like article is
held by the holding member when the sheet-like article is
processed, laser-processing such as via hole formation can
be performed in thin sheet-like articles with laser light
without any damage to a member for supporting the articles.
Furthermore, when the sheet-like article is processed
while held by a part of the holding member, the sheet-like
article and the holding member are moved relatively in a
manner that the already processed areas of the sheet-like
article are not rubbed by the holding member. Therefore,
the holding member is not required to be moved in the
thicknesswise direction of the sheet-like article at every
relative movement, and a process speed to the sheet-like
article is improved as compared with the previous apparatus
and method. Moreover, the already processed areas are
prevented from being brought in physical touch with the
holding member, consequently a deformation of the processed
areas or a nmixture of foreign articles can be eliminated.
Although the present invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it is
to be noted tﬁat various changes and modifications are
apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the
scope of the present invention as defined by the appended

claims unless they depart therefrom.
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WHAT IS CLAIMED IS:

1. A processing apparatus for sheet-like articles,
which comprises:

a tension device (110) for holding a sheet-like
article while applying a tensile force to the sheet-like
article (1);

a holding member (121) for holding a part of a
periphery of a process area of the sheet-like article when
the sheet-like article is processed at the processing area;

a moving device (160) for relativély moving the
sheet-like article and the holding member to form a
plurality of the process areas in the sheet-like article in
a state wherein the sheet-like article is pulled by the
tension device and held by the holding member; and

a control device (200) for 1letting the moving
device relatively move the sheet-like article and the
holding member with preventing the holding member from
rubbing the process areas already formed in the sheet-like
article.

2. A processing apparatus for sheet-like articles
according to claim 1, wherein the part of the periphery of
the process area held by the holding member is located in
parallel to a row direction of the sheet-like article in
the case of the relative movement by the moving device in
the row direction and at a forward side of the movement in
the case of the relative movement in a column direction of
the sheet-like article so that the holding member does not

rub the already processed areas of the sheet-like article.
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3. A processing apparatus for sheet-like articles
according to claim 1 or 2, wherein the sheet-like article
is processed by laser light, and the apparatus further
comprising a laser 1light projection device (140) for
projecting the laser light for the processing to the sheet-
like article.

4. A processing apparatus for sheet-like articles
according to claim 3, wherein the sheet-like article is
processed to form a through hole by laser light, and the
apparatus further comprising a laser light projection
device (140) for projecting the laser 1light for the
processing to the sheet-like article.

5. A processing apparatus for sheet-like articles
according to any one of claims 1-4, wherein the holding of
the sheet-like article by the holding member is achieved
through a suction operation, and the apparatus further
comprising a sucking device (131) for performing the
suction operation.

6. A method for processing sheet-like articles,
which comprises:

holding a sheet-like article while applying a
tensile force to the sheet-like article to be processed and
holding a part of a periphery of a process area to be
processed of the sheet-like article by a holding member;
and

relatively moving the sheet-like article and the
holding member in order to form a plurality of the process

areas in the sheet-like article in such manner that the
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process areas already formed in the sheet-like article are
not rubbed by the holding member while the part of the
periphery of the process area is held.

7. A method for processing sheet-like articles
according to claim 6, whereby the sheet-like article is
processed by laser light.

8. A method for processing sheet-like articles
according to claim 7, whereby the sheet-like article is
processed to form a through hole by laser light.

9. A method for ©processing sheet-like articles
according to claim 6, 7 or 8, whereby the holding of the
part of the periphery of the process area is achieved

through a suction operation.
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