: THIN FILM COATING METHOD

T

BACKGROUND OF THE INVENTION

The - present invention relates to a thin film
coating’ technique. Mofe particuia;ly, the 1invention
relates to a thin film coating technique for applying a
thin £ilm to the surface of a substrate.

Generally, a printed-circuit board used 1in
electronic devices such as computers and the 1like is
constituted by an insulating substrate and a circuit
pattern of copper or the like formed on one of or both
sides of the insulating substrate.

Such a printed-circuit board can be produced
through the following manufacturing process:

a layer of stratified material composed of a
liéht—sensitive resin (photoresist) layer and a light-
transmissible resin film (protective £ilm) for protecting
the layer is laminated by thermocompression—bonding onto
an electrically conductive layer provided on an insulating
substrate. Thermocompression-bonding lamination 1is
carried out in mass production by a thin film coating
apparatus called a "laminator". Thereafter, a circuit-
pattern film is formed on the stratified material, and the

light-sensitive resin layer is exposed to 1light through

the circuit-patter £ilm and light-transmissible resin £ilm
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for a predetermined time. After the light-transmissible
resin film has been peeled off by a separating device, the
exposed light-sensitive resin layer is developed to form
an etching mask pattern. Then, unnecessary parts of the
conductive layer are removed by etching, after which
residual parts of the light-sensitive resin layer are
removed, thereby completing the printed-circuit board.

The thin film coating apparatus wused in the
aforementioned printed-circuit board manufacturing process
is arranged to automatically 1laminate the stratified
material by thermocompression-bonding. For example,fin a
thin film coating apparatus as described 1in coﬁmonly
assigned Japanese Unexamined Patent Publication No. 60-
71229, thermocompression-bonding lamination is carried out
as follows:

A web of the stratified material continuously
wound on a feed roller of the thin film coating apparatus
is fed to the forward end of the surface of a substrate by
main vacuum plates. Each of the main vacuum plates has a
stratified-material-feeding surface provided with a
plurality of suction holes for applying suction to the
stratified layer. The main vacuum plate moves to the
surface of the substrate while applying suction to the web

of stratified material to thereby feed the stratified

material. The forward end of the web of stratified
-
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material fed to the substrate is tacked temporarily by
thermocompression-bonding to the conductive layer of the
insulating substrate by an arc-like tack portion provided
on the feeding-direction forward end of the main vacuum
plate. The forward end of the web of stratified material
can be held to the tack portion by a sub-vacuum plate
which moves close to and away from the feeding passage of
the web of stratified material. The conveyance-direction
forward end of the substrate is detected by a sensor (at a
detection position) provided along the conveyance passage
in front of the tacking position where tacking is carried
out. The conveyance-direction forward end of the
substrate stops in response to a detection signal produced
by the sensor after being conveyed from the detection
position to the tacking position. After the conveyance-
direction forward end of the substrate has stopped at the
tacking position, the tack portion is moved close to the
conveyance passage to perform the taking operation.

After the completion of the tacking, the main
vacuum plate moves away from the tacking position.

Next, each of the thermocompression-bonding
rollers is moved from the standby position where the
roller does not touch the tacking portion (main wvacuum
plate) so as to come into contact with the web of
stratifie& material at the taking position where the

————e
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forward end thereof 1is tacked. The standby position of
the thermocompression-bonding roller is closer to the
conveyance passage of the substrate than the tacking
position. The thermocompression-bonding roller rotates at
the tacking position for the double purpose of laminating
the stratified matter onto the surface of the substrate by
thermocompression-bonding and conveying the substrate.

After a predetermined length of the stratified
material has been laminated by thermocompression-bonding,
the stratified material is cut into a predetermined length
corresponding to the size of the substrate by the cutting
device. “

Subsequently, the feeding-direction rearward end
of the stratified material cut by the cutting device is
thermocompression-bonding-laminated onto the substrate by
the thermocompression-bonding roller.

Thereafter, the thermocompression-bonding roller
is moved from the tacking position to the standby
position, thereby completing thermocompression—bonding
lamination.

The aforedescribed conventional thin film coating
apparatus ‘'is arranged to move the tack portion (main
vacuum plate) close to the conveyance passage of the

o~

substrate after the conveyance-direction forward end of

the substrate has stopped at the tacking position.

This Sheet Has Been R,

LT [ s |

CLJ

LTI




=‘u ks

Therefore, the time required for completing the tacking
operation after the stopping of the substrate is long.
Accordingly, a problem arises in that thermocompression-
bonding-laminating time is long.

Further, in the conventional thin £ilm coating
apparatus the thermocompression-bonding roller is moved
from the tacking position to the standby position after
the rearward end of the stratified material is
thermocompression-bonding—-laminated to the surface of the
substrate. More particularly, the thermocompression-
bonding roller moves from the tacking position (i.e., 1in
the ¥ direction) so as to be separated from the conveyance
passage of the substrate. Next, the thermocompression-
bonding roller moves to the standby position in the same
direction as the conveyance direction of the substrate
(i.e., in the X direction). With this arrangement, the
time required for moving the thermocompression-bonding
roller from the tacking position to the standby position
after thermocompression-bonding lamination is long.
Accordingly, a problem arises in that the thermo-
compression-bonding-laminating time of the stratified
material is long.

In addition, a problem arises in that in the
conventional thin £ilm coating apparatus the productivity

is low in manufacturing printed-circuit boards because the

This Sheet Hag Beg,

e 121

L II/////I/I//II/




thermocompression-bonding~-laminating time of the
stratified material is long, as described above.

SUMMARY OF THE INVENTION

It is an object of the present invention to
provide a technique by which the productivity in thin £ilm
coating can be improved.

It is another object of the present invention to
provide a technigue by which thin film coating time can be
shortened.

It is a further object of the present invention to
provide a technique by which the time required for moving
the tack members can be shortened.

It is still another object of the present inven-
tion to provide a technique by which the time requifed for
moving the compression—-bonding rollers can be shortened.

These and other objects of the present invention
and the features of novelty which characterize the present
invention will be apparent from this specification and
accompanying drawings.

The present invention will be disclosed in various
aspects. In the following, typical aspects of the
invention are described in brief.

According to one aspect of the present invention,
in a method of coating a substrate with a thin £ilm

comprising the steps of bringing tack members close to a
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surface of the substrate at its forward end in the
conveyance direction to thereby temporarily tack a forward
end portion of the thin film in the feeding direction onto
the forward end surface of the substrate, moving
compression-bonding rollers into a tacking position where
éhe forward end portion of the thin £film is tacked from a
standby position where'the compression-bonding rollers do
not touch the respective tack members to thereby form the
compression-bonding contact with the forward end portion
of the tacked thin film after the tack members are moved
away from the surface of the substrate, and rotating the
compfession—bonding rollers at the tacking position for
the double purpose of conveying the substrate and adhering
the thin film to the substrate, the thin £ilm coating
methodof the invention is characterized in that the
forward end of the substrate is detected to produce a
detection signal at a detection position before the
substrate 1is conveyed to the tacking position, the
conveyance of the substrate is stopped after the forward
end of the substrate has been conveyed £from the detection
position to the tacking position, and the tack members are
brought close to a conveyance passage of the substrate
while the forward end of the substrate is being conveyed
from the detection position to the tacking position to
thereby tack the forward end of the thin £ilm onto the
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surface of the substrate after the forward end of the
substrate has stopped at the tacking position.

According to another aspect of the present
invention, the above-mentioned thin film coating method is
characterized in that the compression-bonding rollers are
moved near to the standby position from the taking
position while the tacked thin £ilm is being adhered to
the surface of the substrate.

According to a further aspect of the present
invention, the above-mentioned thin film coating method is
characterized in that the forward end of the substrate is
detected to 'produce a detection signal at. a detection
position before the substrate is conveyed to the tacking
position, the conveyance of the substrate is stopped after
the forward end of the substrate has been éonveyed from
the detection position to the tacking position, the tack
members are brought close to a conveyance passage of the
substrate while the forward end of the substrate is being
conveved from the detection position to the tacking
position to thereby tack the forward end of the thin £ilm
onto the surface of the substrate after the forward end of
the substrate has ;topped at the tacking position, and the
compression-bonding rollers are moved near to the standby
position from the tacking position while the tacked thin

film is being adhered to the surface of the substrate.
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According to the present invention, in the
arrangement described above, the time required for moving
the tack members close to the conveyance passage can be
partly included in the time required for conveying the
conveyance—-direction forward end of the substrate from the
detection position to the tacking position, and hence the
time required for moving the tack members close to the
conveyagnce passage after the stoppage of the substrate
can be shortened, whereby the time required for adhering
the thin £ilm can be shortened.

Further, according to the present invention, in
the arrangement described above, the time regquired for
moving the compréssion—bonding rollers from the tacking
position to the standby position can be partly included in
the time required for adhering the thin £ilm onto the
surface of the substrate, and thus the time required for
movement of the compression—bonding rollers after the thin
film is adhered to the surface of the substrate can be
shortened, whereby the total time required for applying
the thin film can be shortened.

Furthermore, according to the present invention,
in the arrangement described above, not only can the time
required for moving the tack members <close to the
conveyance passage be shortened, but also the time taken

for movement of the compression-bonding rollers after the
E g
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thin f£ilm is adhered to the surface' of the substrate can
be shortened, resulting in the total time required for
applying the thin film can be shortened remarkably.

Consequently, the unit time for thin film coating
is reduced, and hence the manufacturing efficiency of thin
film coating process improved.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view of a thin film coating
apparatus operating in accordance with a preferred
embodiment of a method of the present invention;

Pig. 2 is a partly enlarged view of a portion of
Fig. 1;

Fig. 3 1is a schematic sectional view showing the
arrangement of driving sources depicted.in FPigs. 1 and 2
and showing an electromagnetic valve for controlling those
driving sources;

Pig. 4 1is a schematic plan view of a cutting
device as seen from the direction of an arrow IV in Fig.
2;

Fig. 5 is a partly sectional view of the cutting
device, taken along a line V - V in Fig. 4;

Fig. 6 is a schematic view of an arrangement for
driving and moving thermocompression-bonding rollers

depicted in Figs. 1 and 2;
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Fig. 7 is a block diagram showing a control system
for the thin film coating apparatus;

Figs. 8 through 16 are partly enlarged views of
portions of Fig. 1 illustrating respective work steps
showing a method of thermocompression-bonding lamination;

Figs. 17 through 20 are partly enlarged views of
portions of Fig. 1 illustrating respective work steps in
another method of thermocompression—-bonding lamination
according to the invention; and

Pig. 21 1is a timing chart for explaining the
operation of the thermocompression-bonding rollers.

DESCRIPTION OF TﬁE PREFERRED EMBODIMENTS

A preferred embodiment of the invention, in the
case where the invention is applied to a thin-film coating
apparatus for thermocompression-bonding and laminating a
layer of a stratified material composed of light-sensitive
resin layers and light-transmissible resin films onto a
substrate for a printed circuit, will be described in
detail hereunder with reference to the drawings, in which
like parts are correspondingly referenced for the purpose
of simplification of description.

A thin-film coating apparatus constructed and
operating according to the present invention is shown in

the schematic view of Fig. 1.
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As shown in Fig. 1, a web of a three-layer
stratified material 1 constituted by a light-transmissible
resin film layer, a light-sensitive resin layer and a
light-transmissible resin £ilm layer, is continuously
‘ wound on a feed roller 2. The stratified material 1 on
the feed roller 2 is separated into a light- transmlss1ble
resin film (protective film) part 1A and a stratified part
1B by a thin-film separating roller 3. More particularly,
the stratified part 1B is constituted by a light-sensitive
resin layer exposed on one surface kadhesive surface), and
a light-transmissible resin f£ilm layer. The separated
light-transmissible resin £ilm parf 1A is taken up by a
take—up roller 4.

A forward end of the stratified part 1B separated
by the thin-film separating roller 3 is held by a main
vacuum plate 10 through a tension roller 9 as shown in
Figs. 1 and 2 (partly enlarged view).

The tension roller 9 applies a moderate amount of
tension to the stratified part 1B between the .feed roller
2 and the main vacuum plate 10. More particularly, the
tension roller 9 is arranged to prevent the fed stratified .
part 1B from crumpling.

The main vacuum plate (thin-film feed member) 10
is arranged to feed the stratified part 1B onto an

electrically conductive layer (for example, Cu layer) on
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an electrically insulating substrate 11 £from the feed
roller 2. As shown in Figs. 1 and 2, tﬁe main vacuum
plate 10 is provided on a .supporting member 12 which can
move close to and away from the insulating substrate 11
(in the directions of the arrow B). The supporting member
12 is provided on an apparatus body (box-like body of the
thin-film coating apparatus) 7 so as to be slidable on a
guide member 7A in the directions of the arrow B.
Although a description has been madeabout a single
supporting member 12 for the purpose of simplicity, it is
to be understood that in fact a pair of upper and lower
supporting members 12 are provided above and below the
conveyance passage of the insulating substrate 11. The
upper and lower supporting members 12 are operated by a
rack-and-pinion mechanism interlocked with each other so
that both the pair of supporting members 12 simultaneously
move to approach or move away from each other. More
particularly, the pair of upper and lower supporting
members 12 are operated in an interlocked manner by racks
122 respectively provided thereon and pinions 12B engaged
with the respective racks 12A. The operation of the
supporting members 12 is carried out by a driving source
12C provided on the lower supporting member 12. For
example, the driving source 12C can be an air cylinder.
Otherwise, the driving source 12C may be constituted by a

e
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hydraulic cylinder, an electromagnetic cylinder, or a
stepping motor, together with a transmission device for
transmitting the displacement of the driving source to the
supporting members 12.

The main vacuum plate 10 is mounted on the
supporting member 12 in such a manner that the main vacuum
plate 10 can move close to and away from the insulating
substrate 11 (in the directions of the arrow C)
independently of the motion of the supporting member 12.
The main vacuum plate 10 is operated by a driving source
12D and a rack-and-pinion mechanism pfovided on the
supporting member 12. The rack-and-pinion mechanism is
constituted by a pinion 12E provided on the driving souzce
12D, a rack 12F provided on the supporting member 12, and
a rack 10A provided on the main wvacuum plate 10. The
driving source 12D may be constituted by the same
components as those of the driving source 12C.

The driving source 12D constituted by an air
cylinder is controlled by an electromagnetic valve 12G as
shown in PFig. 3 (schemétic sectional view). The
electromagnetic valve 12G is composed of a suction port
12Ga, two exhaust ports 12Gb and 12Gc, control valves 12Gd
to 12Gg, a control Tod 12Gh, an electromagnetic solenoid

12Gi, and two suction-and-exhaust ports 12Gj and 12Gk.
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A compressed air source (compressor) suﬁplfes
pressured air p-air to the suction port 12Ga. The air p-—
air is fed to the driving source 12D to thereby move a
shaft 12Da of the driving source 12D in the directions of
the arrow C. After the shaft 12Da has been moved by the

air p-air fed to the driving source 12D, the air p-air is

pressed from the driving source 12D to the exhaust ports
12Gb and 12Gc by the motion of the shaft 12Da.

The control valves 12Ge, 12Gf and control valves
12Gd, 12Gg selectively use either of the suction-and-
exhaust ports 12Gj and 12Gk as a suction port or as an
exhaust port. The control valves 12Ge to 12Gg make such
selection when the control rod 12Gh of the electromagnetic
solenoid 12Gi is moved in the direction of the arrow I.
The electromagnetic solenoid 12Gi is controlled by a CPU
24, which will be described later.

Although the aforementioned embodiment relates to
the case where an air cylinder is used as the driving
source 12D for controlling the electromagnetic valve 112G,
it is a matter of course that the invention is not limited
thereto and that a hydraulic cylinder may be used as the
driving source.

As shown in Figs. 1 to 3, the driving source 12D
is provided with switches 12D-SW1 and 12D-SW2 which

operate (turn on and off) corresponding to the position of
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the shaft 12Da. The switch 12D-SWl operates when the
shaft 12Da of the driving source 12D is in the
outwardmost (fully extended) position, or in other words,
when the main vacuum plate 10 moves close to the
conveyance passage of the insulating substrate 11. The
switch 12D-SW2 operates when the shaft 12Da of the driving
source 12D is in the inwardmost (fully retracted)
position, or in other words, when the main vacuum plate 10
moves away from the conveyance passage of the insulating
substrate 11. Each of the switches 12D-SWl and 12D-SW2 is
constituted by a magnetic proximity switch. The magnetic
proximity switches are operated by a magnetic force when a
movable member 12Db provided at an end of the shaft 12Da
(within the cylinder) within the driving source 12D moves
close to the switch. Otherwise, each of the switches 12D-
SWl1 and 12D-SW2 may be constituted by a microswitch
operated by mechanical contact through the movement of the
movable member 12Db.

The main vacuum plate 10 is provided with a
plurality of suction holes (not shown) arranged to hold
the stratified part 1B by a suction force. The suction
holes are connected through an exhaust pipe to a wvacuum
source, such as a vacuum pump or the like. The suction

operation of +the main vacuum plate 10 is controlled

e
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independently of the sﬁction operation of a tack portion
10E, which will be described later.

The tack pértion 10E, having an arc-like surface
to hold by suction stratified part 1B, is provided at the
forward end of the main vacuum plate 10 in the feeding
direction of the stratified part 1B. The tack portion 10E
is formed integrally with the main vacuum plate 10. As
shown in Figs. 1 and 2, a heater 10F is provided within
the tack portion 10E to thereby heat the arc-like portion.
The tack portion 10E is arranged to tack the forward end
of the stratified part 1B to the conductive layer of the
insulating substrate 11 temporarily By thermocompression—
bonding when the stratified part 1B is fed onto the main
vacuum plate 10.

Although the aforementioned embodiment has been
described with respect to the case where the tack portion
10E is formed integrally with the main vacuum plate 10,
the invention is applicable also to the case where the
tack portion 10E 1is formed independently of the main
vacuum plate 10 and where those components are provided on
the supporting member 12.

A sub-vacuum plate (thin-film supporting member)
13 is provided in a position near the tack portion 10E,
more particularly, in the vicinity of the feed passage of

the stratified part 1B between the tack portion 10E and
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the insulating substrate 11. As shown in Fig. 2, the sub-
vacuum plate 13 has an upper suction portion 13a énd a
lower suction portion 13b provided with suction holes (not
shown). The sub-vacuum plate 13 is formed like U, the U-
shaped portion corresponding to a cut position of the
stratified part 1B. The upper suction portion 1l3a mainly
holds the forward end of the stratified part 1B in the
feeding direction to thereby hold it to the tack portion
10E. The sub-vacuum plate 13 is mounted on the supporting
member 12 through a driving source 13A, such as an air
cylinder, which moves toward and away from the feeding
passage of the stratified part 1B, in the direction of the
arrow D to thereby make it possible to hold the forward
end of the stratified part 1B to the tack portion 1l0E.

On the other hand, the lower suction portion 13b
of the sub-vacuum plate 13 is arranged to hold by suction
a rear end portion of the stratified part 1B after being
cut by a cutting device 14 and keep the stratified part 1B
within the feeding passage. After thermocompression-
bonding laminating starts, the lower suction portion 13b
slackens the stratified part 1B between a rotary vacuum
plate 15 and itself, as shown in Fig. 2, so that a
slackened stratified part 1B' is prepared. The slackened
stratified part 1B' can be formed bv making the feeding

speed of the stratified part 1B of the main vacuum plate
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10 greater than the feeding speed (thermocompressidn—
bonding laminating speed) of a thermocompression-bonding
roller 16. Both speeds are controlled by a sequence
control circuit (not shown).

The driving source 13A of the sub—vacuum plate 13
may be constituted by an air cylinder, or may be
implemented with a hydraulic cylinder or the like, in the
same manner as the driving source 12C.

The cutting device 14 is mounted on the apparatus
body 7 in the vicinity of the feeding passage of the
stratified part 1B between the tack portion 10E and the
insulating substrate 11, specifically, between the tack
portion 10E and the rotary vacuum plate 15. More
particularly, the cutting device 14 is provided at a
position opposite the sub-vacuum plate 13 when the
stratified part 1B is carried to the cutting position by
the sub-vacuum plate 13. The cutting device 14 is placed
on the side of a front-stage conveyer 17 for conveying the
insulating substrate 1l. Otherwise, it may be placed
directly on the front-stage conveyer 17. The cutting
device 14 cuts the stratified part 1B continuously fed by
the main vacuum plate 10 into predetermined lengths
corresponding to the size of the insulating substrate 11.

The detailed construction of the cutting device 14

is shown in Fig. 4, which is a schematic plan view seen in
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the direction of an arrow IV in Fig. 2, and in Fig. 5,
which is a sectional view taken along a line V - V in Fig.
4.

As shown in Figs. 4 and 5, the cutting device 14
is constituted by a guide member 14A, a movable member
14B, and a disc-like cutter 14C.

The guide member 14A extends in the direction of
width of the stratified part 1B and has its opposite ends
(or one end) fixed to the apparatus body 7, by screws,
bolts, nuts, an adhesive agent or the 1like. The guide
member 14A is provided with the movable member 14B which
can move stably and smoothly in the direction of the
feeding width of the stratified part 1B (in the direction
of an arrow E of Fig. 4). More particularly, the movement
of the movable member 14B is effected through a
cylindrical roll l4c provided between a concave portion
l4a of the guide member 14A and a concave portion of the
movable member 14B.

The movable member 14B is arranged to move in the
direction of the arrow E along the guide member 14&. The
movable member 14B extends along the guide member 14A and
is connected tc a movable member (motor) 14E mounted in a
hollow tube 14D and which moves in the direction of the
arrow E' within the hollow tube 14D with its opposite ends
supported by the apparatus body 7. The movable member 14E
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is shaped like a cylinder of ‘a diameter 1less than the
internal diameter of the hollow tube 14D. A sealing
member, for example, an O-ring, keeps the movable member
14E close to the internal wall of the hollow tube 14D.
The hollow tube 14D is continuously automatically sealed
except for a junction between the movable member 14E and
the movable member 14B, so that the hollow tube 14D is
maintained airtight. The movable member 14E is moved by
the supply and withdrawal of a f£fluid such as air or the
like from the end portions of the hollow tube 14D. More
particularly, when a £luid is supplied into the hollow
tube 14D from left to right in Fig. 4, the movable member
14E moves from left to right. When a fluid is supplied
into the hollow tube 14D from right to left in Fig. 4,
movable member 14E moves from right to left. Iin short,
the movable member 14E is arranged to move the movable
member 14B through a fluid. Although this embodiment has
been described with reference to the case where air is
used as the fiuid supplied into the hollow tube 14D, it is
a matter of course that a gas such as an inert gas or the
like, or a liquid such as water, oil or the like, may be
used. Further, the movable member 14B may be operated by
an air cylinder (rod type), a hydraulic cylinder, motor or

the like.
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The disc-like cutter i4C, which rotates as the
movable member 14B moves, has a blade provided at least on
its circumference used to cut the stratified part 1B.
Rotation of the disc-like cutter 14C is effected by the
engagement between a rack 14J and a gear 14I provided on a
rotary shaft 14H, through a gear fpinion) 14G provided on
a rotary shaft léF. The rack 14J has its opposite ends
(or one end) fixed to the apparatus body 7, as shown in
Fig. 4, by screws, bolts, nuts or the like. The
engagement between the rack 14J and the gear 141 is
stabilized by a keeper roller 14L provided on the movable
member 14B. |

The ‘disc-like cutter 14C is formed of metal
material such as a high-speed tool steel or the like.
Fluorine resin is applied to at least the surface of the
blade. Fluorine resin is inert to most chemicals,
superior in its thermal insulating effect, has a small
coefficient of friction, and is resistant to the build-up
of most substances. Particularly, in the thin-film
coating apparatus, fine chips containing various chemicals
and produced by cutting the stratified part 1B are often
deposited on the blade. Accordingly, fluorine resin
coating is effective to prevent a deterioration in the

cutting performance of the blade.
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A protection cover 14K for the disc-like cutter
14C is provided on the movable member 14B in the vicinity
of the disc-like cutter 14C in order to ensure worker
safety.

In the cutting device 14, the stratified part 1B
can be cut into lengths corresponding to the length of the
insulating substrate 11 by the rotation of the disc-like
cutter 14C produced when the movable member 14B moves the
guide member 14A unidirectionally. Because the disc—like
cutter 14C can make a reciprocating motion, the cutting
time of the stratified part 1B can be shortened.

According to this thin-film coating apparatus, the
cutting device 14 is fixed to the apparatus body 7. Thus,
members supported by the supporting member 12 can be
reduced in weignht so that the supporting member 12 can be
driven by a driving source 12C of a small driving

capacity.

As shown in Figs. 4 and 5, shock absorbers 22 is
provided on the apparatus body 7 in the vicinity of the
stopped position of the disc-like cutter 14C of the
cutting device 14, or, in other words, in the vicinity of
each widthwise end portion of the stratified part 1B. The
shock absorber 22 is mainly cémposed of a shock absorber
movable portion 22A and a shock absorber stationary

portion 22B. The shock absorber stationary portion 22B is
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mounted on the apparatus body 7 through a supporting fréme
7B and a nut 7C mounted by a fixing member, such as a
screw or the like. The shock absorber movable portion 22A
contacts a contact member fixed to the movable member 14B
of the cutting device 14 by a fixing member, such as a
screw, bolt or the 1like. The contact member 14M as the
whole may be formed of a metal material. Otherwise, all
or part of the contact member 14M may be formed of a
shock-absorbing elastic material, such as plastics, rubber
or the like, for the double purpose of absorbing shocks
and protecting its contact portion. The shock absorber 22
absorbs shocks produced when the disc-like cutter 14C of
the cutting device 14 stops its motion. As a result,
vibration of the cutting device or apparatus body 7 is
reduced.

For example, the shock absorber 22 may be
constituted by a fluid damper of the fluid wviscous type,
of the fluid dynamic type, or may be constituted by an
electromagnetic- damper. The fluid used in each of the
fluid viscous damper and the fluid dynamic damper can be
selected from gases, such as air, an inert gas or the
like, and liquids, such as water, oil (for example,
silicone o0il) ané the like.

Although this embodiment has been described with

respect to the case where the shock absorber 22 is
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provided on the apparatus body 7, if is to be understood
that the invention is not limited thereto and that the
shock absorber may be provided on the cutting device 14,
for example, on the movable member 14B, on fixed rack 14J,
on thé guide member 14A or on the outside of the hollow
tube 14D.

A switch 14D-SW1l is provided on the left end
portion of the hollow tube 14D of the cutting device 14,
and a switch 14D-SW2 is provided on the right end portion
thereof. Each of the switches 14D-SW1 and 14D-SW2 is
constituted by a magnetic proximity switch in the same
manner as described above with respect to the switches
12D-SW1l and 12D-SW2. More particularly, when a fluid is
supplied into the hollow tube 14D from the right to
thereby move the movable member 14E close to the left end
portion of the hollow tube 14D from right, the switch 14D-
SWl is operated by magnetic force. On the other hand,
when a f£luid is supplied into the hollow tube 14D from the
left to thereby move the movable member 14E close to the
right end portion of the hollow tube 14D from the left,
the switch 14D-SW2 is operated by magnetic force.

After the forward end of the stratified part 1B is
tacked temporarily by thermocompression-bonding onto the
conductive layer of the insulating substrate 11 by the

tack portion 10E of the main vacuum plate 10 as shown in

—
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FPigs. 1 and 2, the whole of the stratified part 1B is
thermocompression-bonding—-laminated by a thermo-
compression-bonding roller 16. The thermocompression-
bonding roller 16 1is placed in its standby position, as
shown by a dotted line is(l) in Fig. 1, while the forward
end of the stratified part 1B is tacked by the tack
portion 10E. During the "tacking operation, the
thermocompression—-bonding zroller 16 in its standby
position does not touch the tack portion 10E moving close
to the tacking position. After fhe tacking operation, the
thermocompression-bonding roller 16 moves from the standby
position shown by the dot liﬁe 16(1) to the tacking
position 16(2) shown by a solid 1line. The thermo-
compression-bonding roller 16 placed in the tacking
position holds the insulating substrate 11 through the
stratified part 1B.

The thermocompression-bonding roller 16 is moved
between the standby position 16(1) and the tacking
position 16(2) by a moving device. The moving device is
mainly constituted by an upper stationary frame "16A, a
lower movable frame 16B, gears 16C to 16E, a driving motor
167, a Y-direction driving source 16C, and X-direction
guide member 16H, and an X-direction driving source 16I.

The upper thermocompression-bonding roller 16 as

-

shown in Figs. 1 and 2 is rotatably supported on the upper
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stationary frame 16A. The lower thermocompression-bonding
roller 16 is rotatably supported on the lower stationary
frame 168.

Follower gears 16E are fixed on the rotary shafts
of the upper and lower thermocompression-bonding rollers
16. The rotation of the driving gears 16C is transmitted
to the gears 16E through intermediate gears 16D. The gear
16C of the upper stationary frame 162 and the gear 16C of
the lower movable frame 16B are engaged at all times
because the distance between the rotary shafts 16Ca of the
gears 16C is kept constant.

The rotary shaft of the motor 16F provided on the
lower movable frame 16B is connected to the gear 16C of
the lower movable frame 16B. In short, the upper and
lower thermocompression-bonding rollers 16 are driven by
the motor 16F through the gears 16C to 16E.

The lower movable frame 16B rotates in thé
direction of the arrow Y around the rotary shaft 16Ca of
the gear 16C so that the lower movable frame 16B can move
toward and away from the conveyance passage of the
insulating substrate 11. That 1is, the upper
thermocompression-bonding roller 16 is stationary while
the lower thermocompression-bonding roller 16 moves in thne

direction of the arrow VY. Accordingly, the insulating
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substrate 11 can be supported between the upper and lower
thermocompression-bonding rollers 16.

The motion of the lower movable frame 16B in the
direction of the arrow Y is effected by the Y¥Y-direction
driving source 16G provided on the upper stationary frame
16A. The Y-direction driving source 116G may be
constituted by an air cylinder in the same manner as the
driving source 12D as described above. The movable shaft,
which is movable in the direction of the arrow Y, is
connected to the lower movable frame 16B.

The upper stationary frame 16A is slidable in the
direction of the arrow X parallel to the conveyance
passage of the substrate through the X-direction gquide
member 16H fixed to the apparatus body 7. The sliding
operation of the upper stationary frame 16A in the
direction of the arrow X is effected by the X-direction
driving source 16I. For example, the X-direction driving
source 161 is constituted by an air cylinder in the same
manner as described above with respect to the ¥Y-direction
driving source 16G and the driving source 12D.

The X-direction driving source 16I is provided
with switches 16I-SWl1 and 16I-SW2. Each of the switches
16I-5W1 and 161I-SW2 is constituted by a magnetic proximity
switch in the same manner as the switches 12D-SWl, 12D-

SW2, 14D-SW1 and 14D-SW2. When the shaft of the X-
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direction driving source 16I -is extended to its full
length, or, in other words, when the thermocompression-
bonding roller 16 is moved to the tacking position 16(2)
or its vicinity, the switch 16I-SWl is operated. When the
shaft of the X-direction driving source 161 is retracted
to its shortest length, or, in other .words, when the
thermocompression-bonding roller 16 is moved to the
standby position 16(1) or its vicinity 16(4) (as will be
described below), the switch 16I-SW2 is operated.

After the forward end of the stratified part 1B is
tacked, the fhermocompression—bonding rollers 16 rotate in
the direction of the arrows F shown in Fig. 2 while the
insulating substrate 11 is supported between the
thermocompression-bonding rollers. 16 through the
stratified part 1B. Thus, the stratified part 1B 1is
thermocompression—bonding—laminéted onto the conductive
layer of the insulating substrate 11, and tﬁe insulating
substrate 11 is conveyed. During the thermocompression-
bonding-laminating process, the main vacuum plate 10 and
the sub-vacuum plate 13 release the stratified part 1B.
That is, the stratified part 1B is automatically fed to
the thermocompression-bonding rollers 16 from the feed
roller 2 by the fotational force thereof and the force

supporting the insulating substrate 11l.

————
R
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The rear end portion of- the stratified part 1B cut
by the cutting device 14 is thermocompression-bonding-
laminated by the thermocompression—bonding roilers 16
while being guided by triangular rotary vacuum plates 15
to thereby prevent the stratified part 1B from crumpling.
The rotary vacuum plates 15 are supported by the same
shafts of the thermocompression-bonding rollers ‘16 so as
to be rotated around the shafts. A plurality of suction
holes 15A (not shown) are provided in the suction surface
of the respéctive rotary vacuum plate 15 disposed-opposite
the stratified part 1B. The structure of the suction
surface provided with:the suction holes 15A is similar to
that of the suction surface in the main vacuum plate 10%
Further, such suction holes may be provided in the.upber
surface of the rotary vacuum plate 15 for the purpose of
slackening the stratified part 1B', as shown in Fig.2.

As shown in Figs. 1 and 2, the insulating
substrate 11 is conveyed to the tacking position of the
stratified part 1B in the thin-film coating apparatus by
the front-stage conveyer 17 constituted by lower conveyer
rollers 17A and upper conveyer rollers 17B. The front-
stage conveyer 17 is provided with a sensor Sl disposed
for detecting the forward end of the substrate in the
vicinity of the substrate conveying passage in front of

the tacking position. When the £forward end of the
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insulating substrate 11 in the ‘direction of conveyance is
detected by the sensor S1, the sensor Sl generates a
detection signal to start the operation of a preset
counter of a CPU 24, which will be described below. When
a predetermined time has passed, the preset counter
generates a control signal to stop the forward end of the
insulating substrate 11 in the tacking position. For
example, the sensor S1 may be constituted by a
photoelectric switch.

Further, the frbnt—stage conveyer 17 1is provided
with a sensor S2 disposed in the vicinity of the substrate
conveying passage in frdnt‘of the sensor S1 in a position
for detecting the backward end of the substrate. When the
backward end of the insulating substrate 11 1in the
direction of conveyance is detected by the sensor 52, the
sensor S2 generates a detection signal to start the
operation of a preset counter of the CPU 24 in the same
manner as described above concerning the sensor Sl. When a
predetermined time has passed, the preset counter
generates a control signal to form the slack 1B' of the
stratified part 1B in the backward end in the £feeding
direction, cut the stratified part 1B at the designated
cutting position with the cutting device 14, and laminate

the rearward end of the thus—cut stratified part 1B onto

the insulating substrate 11 by thermocompression-bonding.
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At the same time, the preset counter generates a control
signal to move the thermocompression-bonding rollers 16
from the tacking position 16(2) to the vicinity . 16(4) of
the standby position, as will be described below in more
" detail. For example, the sensor S2 may be conétituted by
a photoelectric switch, similarly to the sensor Sl.

The rear—-stage conveyer 18 is constituted by lower
conveyer rollers 18A and upper conveyer rollers 18B. The
rear-stage conveyer 18 conveys the insulating substrate 11
to the exposure position where a wiring pattern is formed
after the stratified part 1B has been thermocompression-
bonding-laminated onto the insulating substrate 11 by the
thermocompression-bonding rollers 16 in the thin-film
coating apparatus.

The detection signals from the sensors S1 and S2
for detecting the forward end and backward end,
respectively, of the insulating substrate in the direction
of conveyance are fed to the CPU (microcomputer) 24 via an
input circuit 23, as shown in Fig. 7, which is a block
diagram showing a control system. The CPU 24 includes
presettable counters, arithmetical circuits, discriminat-
ing circuits, memories, and the like.

Similarly, when each of the switches 12D-SWl, 12D-
SW2, 16I-SWl, 16I-SW2, 14D-SW1l and 14D-SW2 in the driving

source 12D X-direction driving source 16I, and cutting
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device 14 operates, a corresponding signal is fed to the
CPU 24 via the input circuit 23.

The CPU 24 executes predetermined processing on
the basis of the respective signals. As a result of this
processing, the CPU 24 generates a control signal via an
output circuit 25 to control the respective electro-
magnetic valve 12G (namely, the electromagnetic solenoid
12Gi) and the 1like. bAs described above, the electro-
magnetic valve 12G controls the shaft 12Da of the driving
source 12D as shown in Fig. 3. Similarly, another
electromagnetic valve 16Im (not illustrated in detail)
controls the shaft of the X~direction driving source 16I.
A further electromagnetic valve 16Gm controls the shaft of
the ¥Y-direction driving source 16G. A still further
electromagnetic valve 14M controls the movable member 14E
which moves within the hollow tube 14D.

As shown in Figs. 1 and 2, thin film correctors 19
are provided on the apparatus body 7 (or on the £front-
stage conveyer 17 or on the supporting member 12) in the

vicinity of the thin film feeding passage of the tack

portions 10E of the main vacuum plates 10. Each thin film

corrector 19 corrects the forward end of the stratified
part 1B in the direction of the arrow. G to move it closer
to the tack portion 10E. The thin film corrector 19 is

constituted by a f£luid carrying pipe 19A extending in the
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direction of width of the stratified part 1B, and a
plurality of £luid spraying holes 19B provided in the
fluid carrying pipe 19A.

The fluid carrying pipe 197, which is hollow in
its interior, passes a fluid with a pressure higher than
atmospheric pressure. Although this embodiment has been
described with respect to the case where the fluid
carrying pipe 19A is approximately circular in cross
section, it is understood that the invention is not
1imi£ed thereto and that the pipe 19A may be rectangular
or elliptical.

The fluid spraying holes 19B are used to spray a
fluid in a direction to correct the stratified part 1B.

Air is preferably used as a fluid used in the thin
film corrector 19. Alternatively, the fluid used in the
thin film corrector 19 may be a gas, such as an inert gas
and the 1like, or a liquid, such as water, oil and the
like,

Further, as shown in Figs. 1 and 2, thin £film
projectors 20 are provided on the apparatus body 7 (or on
the front-stage conveyer 17 or on the supporting member
12) in the vicinity of the stratified part 1B (1lB') fed
between the lower suction portion 13b of the sub-vacuum
plate 13 and the rotary vacuum plate 1. Each of the thin
£ilm projectors 20 forms the slackened stratified part 1B'

———
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in a direction closer to the thermocompression-bonding
roller 16 (in the direction of the arrow H). The thin
film projector 20 is constituted by a £luid carrying pipe
20A extending in the direction of width of the stratified
part 1B, and a plurality of fluid spraying holes 20B
formed in the £fluid carrying pipe 20A.

The fluid carrying pipe 20A is made hollow so as
to pass a fluid with a pressure higher than atmospheric
pressure. Although this embodiment has been described
with respect to the case where the fluid carrying pipe 20A
is substantially circular in  cross section, it is to be
understood that the invention is not limited thereto and
that the pipe 20A may be rectangular or elliptical in
cross section, similarly to the foregoing fluid carrying
pipe 19A.

The £luid spraying holes 20B are employed to spray
a fluid in a direction to project the slack of the
stratified part 1B' as described above.

Air 1is preferably used as the £luid in the thin
film projector 20 in the same manner as described above
regarding the thin f£ilm corrector 19. Alternatively, the
fluid used in the thin £ilm projector 20 may be a gas,
such as in inert gas and the like, or a ligquid, such as

water, oil and the like.
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According to the present invention, the thin film
corrector 19 or the thin £film projector 20 may be
constituted by a plurality of £luid spraying nozzles
arranged in the direction of width of the stratified part
1B to correct or project the stratified part 1B in the
proper direction as described above.

The thin £ilm corrector 19 or the thin £ilm
projector 20 may be constituted byd a suction pipe
extending in the direction of width of the stratified part
1B, and a plurality of suction holes formed in the suction
Diée to apply suction to the stratified part 1B to correct
or project it in the proper direction, as described above.

Further according to the present invention, the
thin film corrector 19 or the thin film projector 20 may
be constituted by a convex member arranged to correct or
project the stratified part 1B in the proper direction as
described above.

Moreover, the thin f£ilm corrector 19 may be made
to serve also as the thin film projector 20, or the thin
film projector 20 may be made to serve as the thin £ilm
corrector 19.

As shown in Figs. 1 and 2, a substrate guiding
member 21 1s provided on the apparatus body 7 (or on the
rear—stage conveyer 18) between the thermocompression-

bonding roller 16 placed in the tacking position 16(2) and
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the conveyer roller 18A of the rear—stage conveyer 18.
The substrate guiding member 21 guides the insulating
substrate 11 having the stratified part 1B
thermocompression-bonding-laminated thereto £from the
éhermocompression—bonding—laminating position (tacking
position) to the position of the conveyer rollers 18A and
18B. For example, the substrate guiding member 21 may
have a plurality of bar-like portions, each extending in
the conveyance direction of the insulating substrate 11.
The bar-like portions are arranged in the form of a comb
in the direction of conveyance of the width of +the
substrate 11. The comb-shaped substrate guiding member 21
has a sufficiently small contact area with the insulating
substrate 11 that frictional resistance can be reduced
during the conveyance of the insulating substrate 11.
Accordingly, the substrate guiding member 21 can guide the
insulating substrate 11 smoothly.

According to the present invention, the substrate
guiding member 21 may be shaped like a net or a plate.

A method of thermocompression—-bonding-—laminating
the stratified part 1B employing the aforedescribed thin
film coating apparatus . will now be described with
reference to Figs. 1 through 7 and Figs. 8 through 16 the

latter being partly enlarged views showing various work
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At first, as shown in Figs. 1 and 2, the feediné-
direction forward end of the stratified part 1B separated
by the thin film separating roller 3 is manually brought
between the sub-vacuum plate 13 and the cutting.device 14.

Next, the forward end of the stratified part 1B is
held by suction by the sub-vacuum plate 13. After holding
the stratified part 1B, the sub-vacuum plate 13 is moved
away from the feeding passage of the stratified part 1B by
the driving source 13A so that the forward end of the
stratified part 1B is held by suction by the tack portion
10E. At this time, not only is suction applied by the
main vacuum plate 10 and the tack portion 10E, but also
the stratified part 1B is corrected by the thin film
corrector 19. Accordingly, the forward end of the
stratified part 1B is securely held by the tack portion
10E. While the continuous operation is being carried out,
the forward end of the stratified part 1B cut by the
cutting device 14 is suction-held by the tack portion 10E.

Next, the insulating substrate 11 is conveyed by
the conveyer rollers 17A and 17B of the <front-stage
conveyer 17.

Subsequently, as shown in Fig. 8, when the
conveyance-direction forward end of the insulating
substrate 1l passes through the position where the forward

end of the substrate 11 is detected, the sensor S1 \is
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operated. The detection signal-of the sensor S1 is fed to
the CPU 24 via the input circuit 23 shown in Fig. 7 to
thereby actunate a preset counter. .This counter counts a
predetermined time, after which the conveyance-direction
forward end of the insulating substrate 11 is stopped at
the tacking position.

Further, the detection signal of the sensor Sl
actuates another preset counter of the CPU 24. The other
preset counter counts a time to start moving the tack
portion 10E close to the conveyance passage while the
conveyance-direction forward end of the insulating
substrate 11 is being conveyed from the substrate-forward-
end detection position to the tacking position.

In the condition shown in Fig. 8, the tack portion
10E (the main vacuum plate 10) is located in the tacking
operation start position ST1, whereas. the
thermocompression-bonding roller 16 1is located in the
standby position 16(1). The tacking operation start
position ST1 is a position where the swiﬁch 12D-SW2 of the
driving source 12D for moving the main vacuum plate 10 is
operated and the upper and lower supporting members 12 are
stopped at the nearest position to the conveyance passage
of the substrate.

Next, as shown in Fig. 9, while the conveyance-

direction forward end of the insulating substrate 11 is
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being conveyed from the substrate-forward-end detection
position to the tacking position, the movement of the tack
portion 1l0E close to the conveyance passage is started.

More particularly, the motion of the tack portion 10E is
started by controlling the electromagnetic valve 12G by
the CPU 24 through the output circuit 25 on the basis of
the output signal of the other preset counter to thereby
control the driving source 12D.

Next, when the conveyance-direction forward end of
the insulating substrate 11 reaches the tacking position,
the conveyance of the insulating substrate 11 is stopped
in response to the output signal from the first preset
counter. Upon or soon after the stopping of the
insulating substrate 11, the tack portion 10E moves close
to the conveyance passage so as to come into contact with
the conveyance-direction forward end of the conductive
layer of the insulating substrate 11, whereby the forward
end of the stratified part 1B held by the tack portion 10E
is temporarily thermocompression-bonded as shown in Fig.
l0.

In the aforedescribgd method of adhering the
stratified part 1B, a detection signal is generated upon
the detection of the conveyance-direction forward end of
the substrate at a designated detection position before

being conveyed to the tacking position to thereby stop the
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conveyance-direction forward end of the substrate after it
has been conveyed from the detection position to the
tacking position, and the tack members are moved close to
the conveyance passage of the substrate while the
conveyance—-direction forward end of the substrate is being
conveyed from the detection position- to the tacking
position to thereby tack the feeding-direction forward end
of the thin film onto the surface of the substrate with
the tack members after the conveyance-direction forward
end of the substrate has stopped at the tacking position.
Accordingly, the time required for moving the tack members
10E close to the conveyance passage can be pﬁrtly included
in the time required for conveying the conveyance-
direction forward end of the substrate 11 <from the
substrate—forward-end detection position to the tacking
position, and.thus the time required for moving the tack
members 10E close to the conveyance passage (the time from
the stop of the conveyance-direction forward end of the
insulating substrate 11 to the termination of the tacking
operation) can be shortened to thereby shorten the time
requiréd for adhering the stratified part 1B.

Consequently, the per unit processing time can be
reduced to thereby improve the productivity of the £ilm

coating process.
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When the tack portion 10E touches the conveyance-
direction forward end of the conductive layer of the
insulating substrate 11, the switch 12D-SWl1 of the driving
source 12D is actuated. The output signal of the switch
12D-SW1 1is fed to the CPU 24. After continuing the
tacking operation for a predetermined time, the CPU 24
stops the suction operation of the main wvacuum plate 10
and the tack portion 10E to thereby move the main vacuum
plate 10 and the tack portion 10E away from the conveyance
passage by the driving sources 12C and 12D. More
particularly, the main vacuum plate 10, the tack portion
10E and the sub-vacuum plate 13 are moved to a relatively
far-removed positions compared with the position shown in
Figs. 1 and 2. The distance moved is proportional to the
amount of slack in the stratified part 1B'.

Next, as shown in Fig. 11, the thermocompression-
bonding roller 16 is moved from the standby position 16(1)
{dotted line) to the tacking position 16(2) (solid line)

' so as to come into contact with the stratified part 1B to
which the feeding-direction forward end has been tacked.

Then, as shown in Fig. 12, the stratified part 1B
is thermocompression-bonding-laminated onto the conductive
layer of the insulating substrate 11 by rotating the
thermocompression-bonding rollers 16 with the insulating

substrate 11 sandwiched between the thermocompression-
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bonding rollers 16. At this time, the suction operation
by the main vacuum plate 10, the tack portion 1l0E and the
sub-vacuum plate 13 is stopped. Accordingly, thstratified
part 1B is automatically fed from the feed rollers 2 to
the thermocompression-bonding rollers 16 by the rotational
force thereof and the force supporting the insulating
substrate 11.

After a predetermined quantity of stratified part
1B is thermocompression—-bonding-laminated, the conveyénce—
direction rearward end of the insulating subétrate 11 is
detected'by the sensor S2 at the substrate-rearward-end
detection position as shown in Fig. 1. The detection sig-
nal of the sensor S2 is fed to the CPU 24, which in re-
sponse starts simultaneously the respective suction opera-
tions of the main vacuum plate 10, the sub-vacuum plate 13
and the rotary vacuum plate 15 (not shown in Fig.‘7). The
supporting member 12 is moved from the farthest position
from the substrate conveyance passage by the driving
source 12C and the stratified part 1B is fed toward the
insulating substrate 11. At the same time, as shown in
Fig. 2, the lower suction portion 13B of the sub-vacuum
plate 13 is operated so that the feeding-direction rear-
ward end (cutting position) of the stratified part 1B co-
incides with the cutting position of the cutting device

14. The feeding speed of the stratified part 1B (the
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speed of the supporting member- 12) is established to be
more than the thermocompression-bonding—laminating speed
of the thermocompression-bonding roller 16, that 1is, the
peripheral speed of the thermocompression-bonding roller
16.

In this condition, the stratified part 1B is
slackened between the sub-vacuum plate 10 and the rotary
vacuum plate 15 to form a slackened stratified part 1B’.
The feeding-direction opposite ends of the slackened
stratified part 1B' can be securely held respectively by
the lower suction portion 13b of the sub-vacuum plate 13
and the rotary vacuum plate 15 through correction by the
thin f£ilm corrector 20.

Next, as shown in Fig. 13, the feeding-direction
rearwvard end of the stratified part 1B which coincides
with the cutting position of the cutting device 14 is cut
into a predetermined length corresponding to the size of
the insulating substrate 11 by the cutting device 1l4. As
described above, the cutting ‘device 14 can cut the
stratified part 1 by méving the disc-like cutter 14C in
the direction crossing the feeding direction of the
stratified part 1.

When the feeding-direction rearward end of the
stratified part 1B is cut by the cutting device 14, one of

the switches 14D-S%W1l and 14D-SW2 is operated by the member
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14E which moves within the hollow tube 14D. The output
signal of the switch 14D-SW1 or 14D-SW2 is fed to the CPU
24, whereupon the electromagnetic valve 16Im is controlled
by the CPU 24 to thereby control the X-direction driving
source 16I. As shown in Fig. 16, the X-direction driving
source 161 moves the thermocompression-bonding roller 16
in the direction of the arrow X, that is, in the substrate
conveyance direction (Fig. 14 shows the condition in which
the thermocompression-bonding roller has been moved to the
position 16(3)) while the feeding-direction rearward end
of the stratified part 1B 1is being laminated by
thermocompression-bonding.

Next, as shown in Fig. 15, the feeding-direction
rearward end of the stratified part 1B is moved onto the
conductive layer of the insulating substrate 11 by the
rotary vacuum plate 15 until the stratified part 1B 1is
thermocompression-bonding-laminated to the substrate 11,
while the thermocompression-bonding roller 16 1is being
moved to convey the insulating substrate 11. The
thermocompression—-bonding roller 16 can be moved close to
the standby position 16(1) (more particularly, to the
position 16(4) as shown in Fig. 15) nearest to the standby
position in the X-direction. The rotational speed of the
rotary vacuum plate 15 is slightly lower than the

rotational speed of the thermocompression-bonding roller

This Sheet Has Been Replaced

AEAREWR

THIS SHERT HAS BREEN




£

-46-

16 so that the rearward end of -the stratified part 1B can
be thermocompression-bonding-laminated onto the conductive
layer of the insulating substrate 11. That is, when the
rotary vacuum plate 15 rotates at a speed slightly lower
than that of the thermocompression-bonding roller 16, a
proper amount of tension can be applied to the stratified
part 1B Dbetween the rotary vacuum plate 15 and the
thermocompression—-bonding roller 16. Accordingly, the
stratified part 1B can be securely thermocompression-
bonding-laminated without érumpling.

Next, after the thermocompression-bonding lamina-
tion is finished, the theimocompression—bonding roller 16
is moved from the vicinity 16(4) of the standby position
to the standby position 16(1) in the direction of the
arrow ¥ so as to be out of the substrate conveyance pas-
sage, as shown in Fig. 16. When the switch 16I-SW2 of the
X-direction driving source 161 is actuated, the CPU 24
controls the electromagnetic valve 16Gm after the passage
of a predetermined time so that the valve 16Gm controls
the Y-direction driving source 16G to cause the thermocom-
pression-bonding roller 16 to move in the direction of the

arrow Y.

h_]

Fig. 21 is a timing chart of the operation of the
thermocompression-bonding roller 16 according to the

invention in ccmparison with the conventional thermo-
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compression-bonding roller. As shown in Fig. 21, in the
prior art, the thermocompression-bonding roller is moved
in the YFdirection after thermocompression-bonding lamina-
tion, and then it is moved in the X-direction. According
to the present invention, however, the thermocompression-
bonding roller 16 is moved to the vicinity 16(4) of the
standby position in the X-direction during thermo-
compression-bonding lamination, and then it 1is moved to
the standby position 16(1) in the Y-direction.

In the aforediscussed method of adhering the
stratified part 1B, the thermocompression-bonding rollers
16 are moved from the tacking position 16(2) to the
vicinity 16(4) of the standby position while the tacked
stratified part 1B 1is being thermocompression-bonding-
laminated onto the conductive layer of the insulating
substrate 11. Accordingly, the time required for moving
the thermocompression-bonding rollers 16 £from the tacking
position 16(2) to the standby position 16(1l) can be partly
included in the time regquired for adhering the stratified
part 1B onto the insulating substrate 11 so that the time
of movement of the thermocompression-bonding rollers 16
after thé stratified part 1B is adhered to the substrate
can be shortened to thereby shorten the total time

or applying the stratified part 1B.

-

Hh

required
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Furthermore, according -to the present invention,
not onlyis the time required for moving the tack members
10E close to the conveyance passage shortened, but also
the time taken for movement of the thermocompression-
bonding rollers 16 shortened to thereby shorten.the total
time required for applying the stratified part 1B more
remarkably.

Consequently, the production rate attained with
the invention is significantly improved..

The insulating substrate 11 having the stratified
part 1B thermocompression-bonding-laminated thereon can be
smoothly conveyed by the conveyer rollers 18A and 18B of
the rear-stage conveyer 18 through the substrate guiding
member 21. The insulating substrate 11 is conveyed to the
exposure device by the rear—-stage conveyer 18.

The invention is applicable to the case where such
thermocompression-bonding lamination is continuously
carried out, as illustrated in Figs. 17 through 20 (partl
enlarged views showing various work steps).

Similarly to the step 12 of the foregoing thermo-
compression-bonding-laminating method, the stratified part
1B tacked at the feeding-~direction forward end is thermo-
compression-bonding—-laminated at +the tacking position

16(1) by the thermocompression-bonding roller 16, as shown

~——.
————
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Next, the conveyance-direction rearyard end of the
insulating substrate 11 is detected by the sensor S2 (not
shown in detail), and then the stratified part 1B is cut.

_ by the cutting device 14. As described above, after
cutting, the operation of moving the thermoccmpression-—
bonding roller 16 from the tacking position 16(2) to the
vicinity 16(4) of the standby position is started while
the stratified part 1B is being thermocompression—-bonding-
laminated. As shown in Fig. 18, during this operation,
the feeding-direction forward end of the stratified part
1B is suction-held by the tack portion 10E in preparation
for the succeeding step. The insulating substrate 11' is
successively conveyed so as to be thermocompression-—
bonding-laminated in the succeeding step.

Subsequently, as shown in Fig. 19, when the
conveyance-direction forward end of the insulating
substrate 11' to be laminated in the succeeding step is
detected by the sensor S1, the operation of moving the
tack portion 10E close to the conveyance passage starts.
At this time, the insulating substrate 11, which is
subjected to thermocompression-bonding lamination in the
preceding step, is conveyed while the feeding-direction
rearward end thereof is being thermocompression-bonding-
laminated. At the same time, the thermocompression-

bonding roller 16 is moved from the tacking position 16(2)
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toward the vicinity 16(4) of -the standby position and
located in the position 16(3). Thus, the
thermocompression-bonding roller 16 never touches the tack
portion 1l0E.

As shown in Fig. 20, when the thermocompression-
bonding roller 16 is moved to the vicinity 16(4) of the
standby position and thermocompression-bonding lamination
is terminated (just after or before termination), the
tacking operation in the succeeding step is completed.
Accordingly, the thermocompression-bonding lamination
(tacking operation} in the succeeding step can be carried
out during.the thermocompression-bonding lamination in the
preceding step.

In the aforedescribed method of sticking the
stratified part 1B, the thermocompression-bonding
lamination in the succeeding step is carried out while the
thermocompression-bonding lamination in the preceding step
is being performed. Accordingly, the time required for
thermocompression—ﬁonding lamination in the succeeding
step can be partly included in the time required for
thermocompression-bonding lamination in the preceding step
to thereby shorten-éhe time required until the start of
thermocompression-bonding lamination in the succeeding
step, and thus the total time required for applying the

stratified part 1B can be shortened.
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While the present invention has been described
with reference to preferred embodiments thereof, it is a
matter of course that the present invention is not limited
to these embodiments and that various changes and
modifications may be made without departing from the
spirit of the invention.

As one modification, the cutting device 14 may be
arranged to move in the same direction as the feeding
direction of the stratified part 1B so that the stratified
part 1B can be cut while the cutting device 14 is being
moved.

As another modification, the sub-vacuum plate 13
may be separated into two parts, that is, one serving for
suction-holding the feeding-direction forward end of the
stratified part 1B to the tacking portion 10E and the
other serving as a holder of the cutting device 14. Thus,
the two parts may be controlled independently.

Further, the invention' is applicable to a thin
film coating apparatus in which the stratified part 1B is
thermocompression-bonding-laminated onto the insulating
substrate 11 by other, non-thermal compression-bonding

rollers after the insulating substrate 11 is preliminarily

heated.

In addition, the present invention is applicable
to a thin film coating apparatus in which a protective
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£film is stuck onto a decorative board used as a building
material.

According to one aspect of the present invention,
in a method of coating a substrate with a thin £film
including steps of bringing tack members close to a
surface of the substrate at its forward end in the
conveyance direction to thereby temporarily tack a forward
end portion of the thin film in the feeding direction onto
the forward end surface of the substrate, moving
compression-bonding rollers into a tacking position where
the forward end portion of the thin film is tacked from a
standby position where the compression-bonding rollers do
not touch the respective tack members to thereby make
compression-bonding contact with the forward end portion
of the tacked thin film after the tack members are moved
away from the surface of the substrate, and rotating the
compression-bonding rollers at the taking position for the
double purpose of conveying the substrate and adhering the
thin film to the substrate, the inventive thin £film
coating method is characterized in that the forward end of
the substrate is detected to produce a detection signal at
a detection position before the substrate is conveyed to
the tacking position, the conveyance of the substrate is
stopped after the forward end of the substrate has been

conveyed from the detection position to the tacking

———
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position, and the tack members are brought close to a
conveyance passage of the substrate while the forward end
of the substrate is being conveyed from the detection
position to the tacking position to thereby tack the
forward end of the thin £film to the surface of the
substrate after the forward end of the substrate has been
stopped at the taking position. Accordingly, the time
required for moving the tack members close to the convey-
ance passage can be partly included in the time required
for conveying the conveyanée—direction forward end of the
substrate from the detection position to the tacking
position, and hence the time required for moving the tack
members close to the conveyance passage éfter the stopping
of the substrate can be shortened to thereby shorten the
total time required for applying the thin £ilm.

According to another aspect of the present
invention, the above-described thin film coating method is
characterized in that the compression-bonding rollers are
moved near to the standby position from the tacking
position while the tacked thin film is being adhered to
the surface of the substrate. Accordingly, the time
required for moving the compression rollers from the
tacking position to the standby position can be partly
included in the time required for adhering the thin £ilm

onto the surface of the substrate, and hence the time cof
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movement of the compression-bonding rollers after the thin
film is adhered to the surface of the substrate can be
shortened to thereby shorten the total time required for
applying the thin f£ilm.

According to a further aspect of the present
invention, the described thin £film coating method 1is
characterized in that the forwérd end of the substrate is
detected to produce a detection signal at a detection
position before the substrate is conveyed to the tacking
position, the conveyance of the substrate is stopped after
the forward end of the substrate has been conveyed from
the detection position to the tacking position, the tack
members are brought close to a conveyance passage of the
substrate while the forward end of the substrate is being
conveyed from the detection position to the tacking
position to thereby tack the forward end of the thin £film
to the surface of the substrate after the forward end of
the substrate is stopped at the tacking position, and the
compression~bonding rollers are moved near to the standby
position from the tacking position while the tacked thin
film 1is being adhered to the surface of the substrate.
Accordingly, not only the time is required for moving the
tack members close to the conveyance passage shortened,
but also the time of movement of the compression-bonding

rollers after the thin film is adhered to the surface of
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A method of coating a substrate with a thin film
comprising steps of bringing tack members close to a surface of
said substrate at its forward end in a conveyance direction
thereof to thereby temporarily tack a forward end portion of
saild thin film in a2 feeding direction thereof to said forward
end surface of said substrate, moving compression-bonding
rollers into a tacking position where said forward end portion
of said thin film is tacked from a standby position where said
compression-bonding rollers do not touch respective ones of said
tack members to thereby make said compression-bonding contact
with said forward end portion of said tacked thin film after
said tack members are moved away from the surface of said
substrate, and rotating said compression-bonding rollers at said
tacking position for the double purpose of conveying said
substrate and adhering said thin film to said substrate,
characterized by the steps of: detecting said forward end of
said substrate to produce a detection signal at a detection
position before said substrate is conveved to said tacking
position, stopping conveyance of said substrate aTter said
forward end of said substrate has been conveved from said
detection position to said tacking position, bringing said tack

members close to a conveyance passage of said substrate whil

said forward end or said substrate is being conveved from said
detection position to said tacking position to thereby tack said
forwvard end of said thin film to said surTace of said substrate
after said forward end of said substrate is stopvred at said
tacking position, and moving said compression-bonding recllers
near said standby position from said tacking position while said

tacked thin film is being adhered to said surface of said

substrate.
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ABSTRACT OF THE: -DISCLOSURE

In a thin f£ilm coating method, tack members are
brought close to a surface of a substrate to temporarily
tack the forward end portion of a web of thin film to the
forward end of the substrate. Compression-bonding rollers
are then brought into a tacking position where the forward
end portion of the thin film is tacked from a standby
position where the compression-bonding rollers do not
touch the tack members to make compression-bonding contact
with the forward end portion of the tacked thin film after
the tack members are moved away from the surface of the
substrate., The compression-bonding rollers are then
rotated at the tacking position for the double purpose of
conveying the substrate and adhering the thin £ilm to the
substrate. In this process, the forward end of the
substrate 1s detected to produce a detection signal at a
detection position before the substrate is conveyed to the
tacking position, the conveyance of the substrate 1is
stopped after the forward end of the substrate has been
conveyed from the detection position to the tacking
position, and the tack members are brought close to the
conveyance passage of the substrate while the forward end
of the substrate is being conveyed from the detection
position to the tacking position to thereby tack the

forward end of the thin £film to the surface of the
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substrate after the forward end of the

stopped at the tacking position.
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THIN FILM COATING METHOD

BACKGROUND OF THE INVENTION

The present invention relates to a thin £film
coating technique. More particularly, the invention
relates to a thin film coating technique for applying a
thin £ilm to the surface of a substrate.

Generally, a printed-circuit board wused in
electronic devices such as computers and the like is
constituted by an insulating substrate and a circuit
pattern of copper or the like formed on one of or both
sides of the insulating substrate.

Such a printed-circuit board can be produced
through the following manufacturing process:

a layer of stratified materlal composed of a
liéht-sensitive resin (photoresist) layer and a iIight-
transmissible resin film (protective £film) for protecting
the layer is laminated by thermocompression-bonding onto
an electrically conductive layer provided on an insulating
substrate. Thermocompression—-bonding lamination is
carried out in mass production by a thin £film coating
apparatus called a "laminator”. Thereafter, a circuit-
pattern film is formed on the stratified material, and the
light-sensitive resin layer is exposed to light through

the circuit-patter film and light-transmissible rzesin £ilm
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for a predetermined time. After the light-transmissible
resin film has been peeled off by a separating device, the
exposed light-sensitive resin layer is developed to form
an etching mask pattern. Then, unnecessary parts of the
conductive layer are removed by etching, after which
residual parts of the light-sensitive resin layer are
removed, thereby completing the printed-circuit board,

The thin f£film coating apparatus used in the
aforementioned printed-circuit board manufacturing process

a

Fh
]-Jn
(D

is arranged to automatically laminate the strati
material by thermocompression-bonding. For example, in a
thin £ilm coating apparatus as described in coﬁmonly
assigned Japanese Unexamined Patent Publication No. 60-
71229, thermocompression—-bonding lamination is carried out
as follows:

A web of the stratified material continuously
wound on a feed roller of the thin f£ilm coating apparatus
is fed to the forward end of the surface of a substrate by
main vacuum plates. Each of the main vacuum plates has a
stratified-material-feeding surface provided with a
plurality of suction holes £for applying suction to the
stratified layer. The main vacuum plate moves to the
surface of the substrate while applying suction to the web
of stratified material to thereby feed the stratified

material. The forward end of the web of stratified
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material fed to the substrate is tacked temporarily by
thermocompression-bonding to the conductive layer of the
insulating substrate by an arc-like tack portion provided
on the feeding-direction forward end of the main vacuum
plate. The forward end of the web of stratified material
can be held to the tack portion by a sub-vacuum plate
which moves close to and away from the feeding passage of
the web of stratified material. The conveyance-direction
forward end of the substrate is detected by a sensor (at a
detection position) provided along the conveyance passage
in front of the tacking position where tacking is carried
out. The conveyance-direction forward end of the
substrate stops in response to a detection signal produced
by the sensor after being conveyed from the detection
position to the tacking position. After the conveyance-
direction forward end of the substrate has stopped at the
tacking position, the tack portion is moved close to the
conveyance passage to perform the taking operation.

After the completion of the tacking, the main
vacuum plate moves away from the tacking position.

Next, each of the thermocompression-bonding
rollers is moved from the standby position where the
roller does not touch the tacking portion (main vacuum
plate) so as to come into contact with the web of

stratified material at the taking position where the
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forward end thereof is tacked. The standby position of
the thermocompression-bonding roller is closer to the
conveyance passage of the substrate than the tacking
position. The thermocompression-bonding roller rotates at
the tacking position for the double purpose of laminating
the stratified matter onto the surface of the substrate by
thermocompression~bonding and conveying the substrate.

After a predetermined length of the stratified
material has been laminated by thermccompression-bonding,
the stratified material is cut into a predetermined length
corresponding to the size of the substrate by the cutting
device.

Subseguently, the feeding-direction rearward end
of the stratified material cut by the cutting device is
thermocompression—bonding—-laminated onto the substrate by
the thermocompression-bonding roller.

Thereafter, the thermocompression-bonding roller
is moved £from the tacking position to the standby
position, thereby completing thermocompression-bonding
lamination.

The aforedescribed conventional thin f£ilm coating
apparatus "is arranged to move the tack portion (main
vacuum plate) close to the conveyance passage of the

substrate after the conveyance-direction forward end of

(=

the substrate has stopped at the tacking position.
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Therefore, the time required for completing the tacking
operation after the stopping of the substrate is 1long.
Accordingly, a problem arises in that thermocompression-
bonéing-laminating time is long.

Further, in the conventional +thin film coating

apparatus the thermocompression-bonding roller is moved

}rae

from the tacking position to the standﬁy position after
the rearward end of the stratified material 1is
thermocompression-bonding-laminated to the surface of the
substrate. More particularly, the thermocompression-
bonéing roller moves from the tacking position (i.e., in
the ¥ direction) so as to be separated from the conveyance
passage of the substrate. Next, the thermocompression-
bonding roller moves to the standby position in the same
direction as the conveyance direction of the substrate
(i.e., in the X direction). With this arrangement, the
time reguired for moving the thermocompression-bonding
roller from the tacking position to the standby position
after thermocompression-bonding lamination 1is long.

Accordingly, a problem arises in that the thermo-

[e V)

compression-bonding-laminating time of the stratifie
material is long.

In addition, a problem arises in <that in the
conventional thin £ilm coating apparatus the productivity

is low in manufacturing printed-circuit boards because the
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thermocompression-bonding-laminating time of the

stratified material is long, as described above.

SUMMARY OF THE INVENTION

It 1is an object of the present invention to
provide a technique by which the productivity in thin £ilm
coating can be improved.

It is another object of the present invention to
provide a technique by which thin £ilm coating time can be
shortened.

It is a further object of the present invention to
provide a technique by which the time required for moving
the tack members can be shortened.

It is still another object of the present inven-
tion to provide a technique by which the time requifed for
moving the compression-bonding rollers can be shortened.

These and other objects of the present invention
and the features of novelty which characterize the present
invention will be apparent £from this specification and
accompanying drawings.

The present invention will be disclosed in various
aspects, In the following, typical aspects of the
invention are described in brief.

According to one aspect of the present invention,
in a method of coating a substrate with a thin £ilm

comprising the steps of bringing tack members close to a
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surface of the substrate at its forward end in the
conveyance direction to thereby temporarily tack a forward
end portion of the thin film in the feeding direction onto
the forward end surface of the substrate, moving
compression-bonding rollers into a tacking position where
éhe forward end portion of the thin film is tacked from a
standby position where the compression-bonding rollers do
not touch the respective tack members to thereby form the
compression-bonding contact with the forward end portion
of the tacked thin film after the tack members are moved
away from the surface of the substrate, and rotating the
compfession—bonding rollers at the tacking positioﬂ for
the double purpose of conveying the substrate and adhering
the thin film to the substrate, the thin film coating
methodof the invention is characterized in that +he
forward end of the substrate is detected to produce a
detection signal at a detection position before +the
substrate is conveyed to the tacking position, the
conveyance of the substrate is stopped after the forward
end of the substrate has been conveyed from the detection
position to the tacking position, and the tack members are
rought close to a conveyance passage of the substrate
while the forward end of the substrate is being conveyed
from the detection position to the tacking position to

S

thereby tack the forward end of the thin film onto the
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surface of the substrate after the forward end of the
substrate has stopped at the tacking position.

According to another aspect of the present
invention, the above-mentioned thin £ilm coating method is
characterized in that the compression-bonding rollers are
moved near to the standby position £from the taking
position while the tacked thin £ilm is being adhered to
the surface of the substrate.

According to a further aspect of the present
invention, the above-mentioned thin f£ilm coating method is
characterized in that the forward enq of the substrate is
detected to 'produce a detection signal. at. a detection

position before the substrate is conveyed to the tacking

ct

position, the conveyance of the substrate is stopped after
the forward end of the substrate has been éonveyed from
the detection position to the tacking position, the tack
members are brought close to a conveyance passage of the

substrate while the forward end of the substrate is being

conveyed from the detection position to the tacking

g

position to thereby tack the forward end of the thin £ilr

h

onto the surface of the substrate after the forward end o
the substrate has stopped at the tacking position, and the
compression-bonding rollers are moved near to the standby
position from the tacking position while the tacked thin

film is being adhered to the surface of the substrate.
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According to the present invention, in the

arrangement described above, the time required for moving
the tack members close to the conveyance passage can be
partly included in the time required for conveying the
conveyance-direction forward end of the substrate from the
and hence the

detection position to the tacking position,

time required for moving the tack members close to the

conveyaqnce passage after the stoppage of the substrate

can be shortened, whereby the time required for adhering

the thin f£ilm can be shortened.
to the present invention, in

Further, according

the arrangement described above, the time reguired for
moving the compréssion-bonding rollers from the tacking
position to the standby position can be partly included in
film onto the

the time required for adhering the thin

o]

surface of the substrate, and thus the time required fo

1Q

movement of the compression-bonding rollers after the thin
film is adhered to the surface of the substrate can be

shortened, whereby the total time required for applying

the thin film can be shortened.

Furthermore, according to the present invention,

in the arrangement described above, not only can the time

required for moving the tack members close to the

conveyance passage be shortened, but also the time taken

for movement of the compression-bonding rollers af:ter the
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thin film is adhered to the surface of the substrate can
be shortened, resulting in the total time required for
applying the thin £ilm can be shortened remarkably.
Consequently, the unit time for thin film coating
is reduced, and hence the manufacturing efficiency of thin

£ilm coating process improved.

BRIEF DESCRIPTION OF THEE DRAWINGS

Fig. 1 is a schematic view of a thin film coating
apparatus operating in accordance with a preferred

embodiment of a method of the present invention;

rh

on o

o

Fig. 2 is a partly enlarged view of a port
Fig. 1;

FPig. 3 is a schematic sectional view showing the
arrangement of driving sources depicted.in Pigs. 1 and 2
and showing an electromagnetic valve for controlling those
driving sources;

Fig. 4 1is a schematic plan view of a cutting
device as seen from the direction of an arrow IV in Fig.
2;

Pig. 5 is a partly sectional view of the cutting
device, taken along a line V - V in Fig. 4;

Pig. 6 1is a schematic view of an arrangement for
driving and moving thermocompression-bonding =rollers

depicted in Figs. 1 and 2;
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Fig. 7 is a block diagram showing a control system
for the thin film coating apparatus;

Figs. 8 through 16 are partly enlarged views of
portions of Fig. 1 illustrating respective work steps
showing a method of thermoccompression~bonding lamination;

Figs. 17 through 20 are partly enlarged views of
portions of Fig. 1 illustrating respective work steps in
another method of thermocompression-bonding lamination
according to the invention; and

Fig. 21 is a timing chart for explaining the
operation of the thermocompression-bonding rollers.

DESCRIPTION OF TﬁE PREFERRED EMBODIMENTS

A preferred embodiment of the invention, in the
case where the invention is applied to a thin-film coating
apparatus for thermocompression-bonding and laminating a
layer of a stratified material composed of light-sensitive

resin layers and light-transmissible resin films cnto a

)=

substrate for a printed circuit, will be described in
detail hereunder with reference to the drawings, in which
like parts are correspondingly referenced for the purpose
of simplification of description.

A thin-film coating apparatus constructed and

operating according to the present invention is shown in

the schematic view of Fig. 1.
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As shown in Fig. 1, a web of a three-layer
stratified material 1 constituted by a light-transmissible
resin film layer, a light-sensitive resin layer and a
light-transmissible resin £ilm layer, 1is continuously
wound on a feed roller 2. The stratified material 1-on
the feed roller 2 is separated into a light-transmissible
resin f£ilm (protective £ilm) part 1A and a stratified part
1B by a thin-film separating roller 3. More particularly,
the stratified part 1B is constituted by a light-sensitive
resin layer exposed on one surface {adhesive surface), and
a light-transmissible resin film layer. The separated
light~transmissible resin £ilm parf 12 is taken up by a
take-up roller 4.

A forward end of the stratified part 1B separatead
by the thin-film separating roller 3 is held by a main
vacuum plate 10 through a tension roller 9 as shown in
Figs. 1 and 2 (partly enlarged view).

The tensicn roller 9 applies a moderate amount of
tension to the stratified part 1B between the feed roller
2 and the main vacuum plate 10. More particularly, the
tension roller 9 is arranged to prevent the fed stratified.
part 1B from crumpling.

The main vacuum plate (thin~film feed member) 10
is arranged to feed the stratified part 1B onto an

electrically conductive layer (for example, Cu layer) on
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an electrically insulating substrate 11 from the feed
roller 2, As shown in Figs. 1 and 2, the main vacuum
plate 10 is provided on a .supporting member 12 which can
move close to and away from the insulating substrate 11
(in the directions of the arrow B). The supporting member
12 is provided on an apparatus body (box—like body of the
thin-film coating apparatus) 7 so as to be slidable on a
guide member 7R in the directions of the arrow B.
Although a description has been madeabout a single
supporting member 12 for the purpose of simplicity, it is
to be understood that in fact a pair of upper and lower
supporting members 12 are provided above and below the
conveyance passage of the insulating substrate 11. The
upper and lower supporting members 12 are operated by a
rack-and-pinion mechanism interlocked with each other so
that both the pair of supporting members 12 simultaneously

move to approach or move away from each other. More

[

particularly, the pair of upper and lower supporting
members 12 are operated in an interlocked manner by racks
122 respectively provided thereon and pinions 12B engaged
with the respective racks 12A. The operation of the
supporting members 12 is carried out by a driving source
12C provided on the lower supporting member 12. For

example, the driving source 12C can be an air cylinder.

therwise, the driving source 12C may be constituted by a
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hydraulic cylinder, an electromagnetic cylinder, or a
stepping motor, together with a transmission device for
transmitting the displacement of the driving source to the
supporting members 12.

The main vacuum plate 10 is mounted on the
supporting member 12 in such a manner that the main vacuum
plate 10 can move close to and away from the insulating
substrate 11 (in the directions of the arrow ()
independently of the motion of the supporting member 12.
The main vacuum plate 10 is operated by a driving source
12D and a rack-and-pinion mechanism provided on the
supporting member 12. The rack-and-pinion mechanism is
constituted by a pinion 12E provided on the driving source
12D, a rack 12F provided on the supporting member 12, and
a2 rack 10A provided on the main vacuum plate 10. The
driving source 12D may be constituted by the same
components as those of the driving source 12C.

The driving source 12D constituted by an air
cylinder is controlled by an electromagnetic valve 12G as
shown in Fig. 3 (schematic sectional view). The
electromagnetic valve 12G is composed of a suction port

12Ga, two exhaust ports iZGb and 12Gc, control valves 12Gd

to 12Gg, a control rod 12Gh, an electromagnetic solenoid

12Gi, and two suction-and-exhaust ports 12Gj and 12Gk.
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A compressed air source (compressor) supplies

pressured air p-air to the suction port 12Ga. The air p-

air is fed to the driving source 12D to thereby move a
shaft 12Da of the driving source 12D in the directions of
the arrow C. After the shaft 12Da has been moved by the
air p-air fed to the driving source 12D, the air p—air is
pressed from the driving source 12D to the exhaust ports
12Gb and 12G¢ by the motion of the shaft 12Da.

The control valves 12Ge, 12Gf and control valves
12Gd, 12Gg selectively use either of the suction-and-
exhaust ports 12Gj and 12Gk as a sucticn port or as an
exhaust port. The control valves 1l2Ge to 12Gg make such
selection when the control rod 12Gh of the electromagnetic
solenoid 12Gi is moved in the direction of the arrow I.
The électromagnetic solenoid 12Gi is controlled by a CPU
24, which will be described later.

Although the aforementioned embodiment relates to
the case where an air cylinder is used as the driving
source 12D for controlling the electromagnetic valve 12G,
it is a matter of course that the invention is not limited
thereto and that a hydraulic cylinder may be used as the
driving source.

As shown in Figs. 1 to 3, the driving source 12D
is provided with switches 12D-SWl1 and 12D-SW2 which

operate (turn on and off) corresponding to the position of
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the shaft 12Da. The switch 12D-SWl operates when the
shaft 12Da of the driving source 12D 1is in the
outwardmost (£fully extended) position, or in other words,
when the main vacuum plate 10 moves close to the
conveyance passage of the insulating substrate 11. The
switch 12D-SW2 operates when the shaft 12Da of the driving
socurce 12D 1is in the inwardmost (fully retracted)
position, or in other words, when the main vacuum plate 10
moves away from the conveyance passage of the insulating
substrate 11. Each of the switches 12D-SWl and 12D-SW2 is
constituted by a magnetic proximity switch. The magnetic
proximity switches are operated by a magnetic force when a
movable member 12Db provided at an end of the shaft 12Da
(within the cylinder) within the driving source 12D moves
close to the switch. Otherwise, each of the switches 12D-
SW1 and 12D-SW2 méy be constituted by a microswitch
operated by mechanical contact through the movement of the
movable member 12Db.

The main vacuum plate 10 1is provided with a
pluraiity of suction holes (not shown) arranged to hold
the stratified part 1B by a suction force. The suction
holes are connected through an exhaust pipe to a vacuum
source, such as a vacuum pump or the like. The suction

operation of the main vacuum plate 10 is controlled
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independently of the suction operation of a tack portion
10E, which will be described later.

The tack pértion 10E, having an arc-like surface
to hold by suction stratified part 1B, is provided at the
forward end of the main vacuum plate 10 in the feeding
direction of the stratified part 1B. The tack portion 10E
is formed integrally with the main vacuum plate 10. As
shown in Pigs. 1 and 2, a heater 10F is provided within
the tack portion 10E to thereby heat the arc-like portion.
The tack portion 10E is arranged to tack the forward end
of the stratified part 1B to the conductive layer of the
insulating substrate 11 temporarily Ey thermocompression-
bonding when the stratified part 1B is fed onto the main
vacuum plate 10.

Although the aforementioned embodiment has been
desqribed with respect to the case where the tack portion
10E is formed integrally with the main vacuum plate 10,
the invention is applicable also to the case where the
tack portion 10E is £formed independently of the main
vacuum plate 10 and where those components are provided on
the supporting member 12

A sub-vacuum plate (thin—-film supporting member)
13 is provided in a position near the tack portion 10E,

more particularly, in the vicinity of the feed passage of

and

%]

the stratified part 1B between the tack portion 10

e g

heet Has Been Replaced

BT




S G OCT 1996

18 Lt e

the insulating substrate 11. As shown in Fig. 2, the sub-
vacuum plate 13 has an upper suction portion 13a and a
lower suction portion 13b provided with sucticn holes (not
shown). The sub-vacuum plate 13 is formed like U, the U-
shaped portion corresponding to a cut position of the
stratified part 1B. The upper suction portion 13a mainly
holds the forward end of the stratified part 1B in the
feeding direction to thereby hold it to the tack portion
10E. The sub-vacuum plate 13 is mounted on the supporting
member 12 through a driving source 13A, such as an air
cylinder, which moves toward and away from the £feeding
passage of the stratified part 1B, in the direction of the
arrow D to thereby make it possible to hold the forward
end of the stratified part 1B to the tack portion 1l0E.

On the other hand, the lower suction portion 13b
of the sub-vacuum plate 13 is arranged to hold by suction
a rear end portion of the stratified part 1B after being
cut by a cutting device 14 and keep the stratified part 1B
within +the feeding passage. After thermocompression-
bonding laminating starts, the lower suction portion 13b
slackens the stratified part 1B between a rotary vacuum
plate 15 and itself, as shown in Fig. 2, so that a
slackened stratified part 1B' is prepared. The slackened

tratified part 1B' can be formed by making the feeding
speed of the stratified part 1B of the main vacuum »nlate

cet Has Been Replaced

o

i e




H

: B e ey
19 i CuULT 9

H

i
i
i
!
?

|
|
I

e e N

L‘.._,mra.nmw,,.-,.,_:. i

10 greater than the feeding speed (thermocompression-
bonding laminating speed) of a thermocompression-bonding
roller 16. Both speeds are controlled by a sequence
control circuit (not shown).

The driving source 13A of the sub-vacuum plate 13
may be constituted by an air cylinder, or may be
implemented with a hydraulic cylinder or the like, in the
same manner as the driving source 12C.

The cutting device 14 is mounted on the apparatus
body 7 in the vicinity of the feeding passage of the
stratified part 1B between the tack portion 10E and the
insulating substrate 11, specifically, between the tack
portion 10E and the rotary vacuum plate 15. More
particularly, the cutting device 14 is provided at a
position opposite the sub-vacuum plate 13 when the
stratified part 1B is carried to the cutting position by
the sub-vacuum plate 13. The cutting device 14 is placed
on the side of a front-stage conveyer 17 for conveying the
insulating substrate 11, Otherwise, it may be placed
directly on the front-stage conveyer 17. The cutting
device 14 cuts the stratified part 1B continuously fed by
the main vacuum plate 10 into predetermined lengths
corresponding to the size of the insulating substrate 11.

The detailed construction of the cutting device 14

is shown in Pig. 4, which is a schematic plan view seen in
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the direction of an arrow IV in Fig. 2, and in Fig. 5,
which is a sectional view taken along a line V - V in Fig,
4.

As shown in Figs. 4 and 5, the cutting device 14
is constituted by a gquide member 14A, a movable member
14B, and a disc-~like cutter 14C.

The guide member 14A extends in the direction of
width of the stratified part 1B and has its opposits ends
(or one end) fixed to the apparatus body 7, by screws,
bolts, nuts, an adhesive agent or the 1like. The guide
member 14A is provided with the movable member 14B which
can move stably and smoothly in the direction of the

s

feeding width of the stratified part 1B (in the direction

h

-

of an arrow E of Fig. 4). More particularly, the movement
of the movable member 14B 1is effected through a
cylindrical roll l4c provided between a concave portion
léa of the guide member 14A and a concave portion of the
movable member 14B.

the

m
'_l-
o]

The movable member 14B is arranged to mov
direction of the arrow E along the guide member 14&. The
movable member 14B extends along the guide member 14A and
is connected to a movable member (motor) 1l4E mounted in a
hollow tube 14D and which moves in the direction of the
arrow E' within the hollow tube 14D with its opposite ends
supported by the apparatus body 7. The movable member 14E

- e e e e st T
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is shaped like a cylinder of a diameter less than the
internal diameter of the hollow tube 14D. A sealing
member, for example, an O-ring, keeps the movable member
14E close to the internal wall of the hollow tube 14D,
The hollow tube 14D is continuously automatically sealed
except for a junction between the movable member 14E and
the movable member 14B, so that the hollow tube 14D is
maintained airtight. The movable member 14E is moved by
the supply and withdrawal of a £luid such as air or the
like from the end portions of the hollow tube 14D. More
particularly, when a £fluid is supplied into the hollow
tube 14D from left to right in Fig. 4, the movable member
14E moves from left to right. When a fluid is supplied
into the hollow tube 14D from right to left in Fig. ¢,
movable member 14E moves from right to left. In short,
the movable member 14E is arranged to move the movable
member 14B through a fluid. Although this embodiment has
been described with reference to the case where air is
used as the fiuid supplied into the hollow tube 14D, it is
a matter of course that a gas such as an inert gas or the
like, or a ligquid such as water, oil or the like, may be
used. Further, the movable member 14B may be operated by
an air cylinder (rod type), a hydraulic cylinder, motor or

the like.
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The disc~like cutter i4C, which rotates as the
movable member 14B moves, has a blade provided at least on
its circumference used to cut the stratified part 1B.
Rotation of the disc-like cutter 14C is effected by the
engagement between a rack 14J and a gear 14I provided on a
rotary shaft 14K, through a gear kpinicn) 14G provided on
a rotary shaft 14F. The rack 14J has its opposite ends
(or one end) fixed to the apparatus body 7, as shown in
Fig. 4, by screws, bolts, nuts or the 1like. The
engagement between the rack 14J and the gear 14I is
stabilized by a keeper roller 14L provided on the movable
member 14B.

The 4disc—-like cutter 14C is formed of metal

material such as a high-speed tool steel or the 1like.

Fluorine resin is applied to at least the surface of the
blade. Pluorine resin is inert +to most chemicals,
superior in its thermal insulating effect, has a small
coefficient of friction, and is resistant to the build-up
of most substances. Particularly, in the thin-film
coating apparatus, fine chips containing various chemicals
and produced by cutting the stratified part 1B are often
deposited on the blade. Accordingly, fluorine resin

coating is effective to prevent a deterioration in the

cutting performance of the blade.
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A protection cover 14K for the disc-like cutter
14C is provided on the movable member 143 in the vicinity

of the disc-like cutter 14C in order to ensure worker

In the cutting device 14, the stratified part 1B
can be cut into lengths corresponding to the length of the
insulating substrate 11 by the rotation of the disc-like
cutter 14C produced when the movable member 14B moves the
guide member 14A unidirectionally. Because the disc-like
cutter 14C can make a reciprocating motion, the cutting
time of the stratified part 1B can be shortened.

According to this thin-film coating apparatus, the
cutting device 14 is fixed to the apparatus body 7. Thus,
members supported by the supporting member 12 can be
reduced in weight so that the supporting member 12 can be
driven by  a driving source 12C of a small driving
capacity.

As shown in Figs. 4 and 5, shock_absorbers 22 1is
provided on the apparatus body 7 in the vicinity of the
stopped position of the disc-like cutter 14C of the
cutting device 14, or, in other words, in the wvicinity of
each widthwise end portion of the str atified part 1B. The
shock absorber 22 is mainly connosed of a shock absorber
movable portion 22A and a shock absorber stationary

portion 22B. The shock absorber stationary portion 22B is
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mounted on the apparatus body 7 through a supporting frame
7B and a nut 7C mounted by a fixing member, such as a
screw or the like. The shock absorber movable portion 22A
contacts a contact member fixed to the movable member 14B
of the cutting device 14 by a fixing member, such as a
screw, bolt or the like. The contact member 14M as the
whole may be formed of a metal material. Otherwise, all
or part of the contact member 14M may be formed of a
shock-absorbing elastic material, such as plastics, rubber
or the like, for the double purpose of absorbing shocks
and protecting its contact portion. The shock absorber 22
absorbs shocks produced when the disc-like cutter 14C of
the cutting device 14 stops its motion. As a result,
vibration of the cutting device or apparatus body 7 is

reduced.

o

for example, the shock absorber 22 mav be
constituted by a fluid damper of the fluid viscous type,
of the fluid dynamic type, or may be constituted by an
electromagnetic- damper. The £fluid used in each of the
fluid viscous damper and the fluid dynamic damper can be
selected from gases, such as 'air, an inert gas or the
like, and 1liquids, such as water, o0il (for example,
silicone o0il) and the like.

Although this embodiment has been described with

respect to the case where the shock absorber 22 is
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provided on the apparatus body 7, it is to be understood
that the invention 1is not limited thereto and that the
shock absorber may be provided on the cutting device 14,
for example, on the movable member 14B, on fixed rack 147,
on the guide member 14A or on the outside of the hollow
tube 14D.

A switch 14D-SW1l 1is provided on the 1left end
portion of the hollow tube 14D of the cutting device 14,
and a switch 14D-SW2 is provided on the right end portion
thereof. Each of the switches 14D-SW1 and 14D-SW2 is
constituted by a magnetic proximity switch in the same
manner as described above with respect to the switches
12D-SW1 and 12D-SW2. More particularly, when a fluid is
supplied into the hollow +tube 14D £from the right to
thereby move the movable member 14E close to the left end
portion of the hollow tube 14D from right, the switch 14D-
SW1l is operated by magnetic force. On the other hand,
when a fluid is supplied into the hollow tube 14D from the
left to thereby move the movable member 14E close to the
right end portion of the hollow tube 14D from the left,
the switch 14D-SW2 is operated by magnetic force.

After the forward end of the stratified part 1B is
tacked temporarily by thermocompression-bonding onto the

conductive laver of the insulating substrate 11 by the

tack portion 10E of the main vacuum plate 10 as shown in
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Figs. 1 and 2, the whole of the stratified part 1B is
thermocompression-bonding-laminated by a thermo-
compression-bonding roller 16, The thermocomp:éssion—

bonding roller 16 is placed in its standby position, as

=

shown by a dotted line 16(1) in Fig. 1, while the forward

end of the stratified part 1B is tacked by the tack

‘g

ortion 10E. During the tacking operation, the
thermocompression-bonding roller 16 in 1its standby
position does not touch the tack portion 10E moving close
to the tacking position. After Ehe tacking operation, the
thermocompression-bonding roller 16 moves from the standby
position shown by the dot lihe 16(1) to the tacking
position 16(2) shown by a solid 1line. The thermo-
compression-bonding roller 16 placed in the tacking
position holds the insulating substrate 11 through the
stratified part 1B.

The thermocompression-bonding roller 16 is moved
between the standby position 16(1) and the tacking
position 16(2) by a moving device. The moving device is
mainly constituted by an upper stationary frame "16A, a

.

lower movable frame 16B, gears 16C to 16E, a driving motor

|

67, a Y-direction driving source 16C, and X-direction
guide member 162, and an X-direction driving source 1l6I.
The upper thermocompression-bonding roller 16 as

stiown in Figs. 1 and 2 is rotatably supported on the upper
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stationary frame 16A. The lower thermocompression-bonding
roller 16 is rotatably supported on the lower stationary
frame 16B.

| Follower gears 16E are fixed on the rotary shafts
of the upper and lower thermocompression-bonding rollers
16. The rotation of the driving gears 16C is transmitted
to the gears 16E through intermediate gears 16D. The gear
16C of the upper stationarylframe 16A and the gear 16C of
the lower movable frame 16B are engaged at all times
because the distance between the rotary shafts 16Ca of the
gears 16C is kept constant.

The rotary shaft of the motor 16F provided on the
lower movable frame 16B is connected to the gear 16C of
the lower movable frame 16B. In short, the upper and
lower thermocompression-bonding rollers 16 are driven by
the motor 16F through the gears 16C to 1l6E.

The lower movable frame 16B rotates in the
direction of the arrow ¥ around the rotary shaft 16Ca of
the gear 16C so that the lower movable frame 16B can move

toward and away from the conveyance passage of the

o

insulating substrate 11. That 1is, +the upper

thermocompression-bonding roller 16 1is stationary while
the lower thermocompression-bonding roller 16 moves in the

direction of the arrow Y. Accordingly, the insulating
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substrate 11 can be supported between the upper and lower
thermocompression-bonding rollers 1l6.

The motion of the lower movable frame 16B in the
direction of the arrow Y is effected by the ¥Y-direction
driving source 16G provided on the upper staticnary frame
16A. The Y-direction drivin source 16G may be
constituted by an air cylinder in the same manner as the
driving source 12D as described above. The movable shaft,
which is movable in the direction of the arrow Y, is
connected to the lower movable frame 16B.

The upper stationary f£rame 16A is slidable in the
direction of the arrow X parallel to the conveyance
passage of the substrate through the X-direction guide
member 16H fixed to the apparatus body 7. The sliding
operation of the upper stationary frame 162 in the
direction of the arrow X is effected by the X-direction
driving source 16I. For example, the X-direction driving
source 16I is constituted by an air cylinder in the same
manner as described above with respect to the Y-directicn
driving source 16G and the driving source 12D.

The X-direction driving source 16I 1is provided
with switches 16I-SW1l and 16I-SW2. Each of the switches
16I-SWl1 and 16I-SW2 is constituted by a magnetic proximity
switch in the same manner as the switches 12D-SW¥l, 12D-

SW2, 14D-SW1l and 14D-SW2. When the shaft of the ¥X-
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direction driving source 16I 'is extended to its full
length, or, in other words, when the thermocompression-
bonding roller 16 is moved to the tacking position 16(2)
or its vicinity, the switch 16I-SWl is operated. When the
shaft of the X-direction driving source 161 is retracted
to 1its shortest length, or, in other words, when the
thermocompression-bonding roller 16 is moved to the
standby position 16(1) or its vicinity 16(4) (as will be
described below), the switch 16I-SW2 is operated.

After the forward end of the stratified part 1B is
tacked, the Ehermocompression—bonding rollers 16 rotate in
the direction of the arrows F shown in Fig. 2 while the
insulating substrate 11 is supported between the
thermocompression-bonding rollers. 16 through the
stratified part 1B. Thus, the stratified part 1B 1is
thermocompression-bonding-laminated onto the conductive
layer of the insulating substrate 11, and tﬁe insulating
substrate 11 is conveyed. During the thermocompression-
bonding-laminating process, the main vacuum plate 10 and
the sub-vacuum plate 13 release the stratified part 1B.
That is, the stratified part 1B is automatically fed to
the thermocompression-bonding rollers 16 from the feed

roller 2 by the rotational force thereof "and the force

supporting the insulating substrate 11.

This Sheet Has Been Rep

T




30

The rear end portion of the stratified part 1B cut
by the cutting device 14 is thermocompression-bonding-
laminated by the thermocompression-bonding rollers 16
while being guided by triangular rotary vacuum plates 15

to thereby prevent the stratified part 1B from crumpling.
The rotary vacuum plates 15 are supported by the same
shafts of the thermocompression-bonding rollers ‘16 so as
to be rotated around the shafts. A plurality of suction
holes 15A (not shown) are provided in the suction surface
of the respective rotary vacuum plate 15 disposed'opposite
the stratified part 1B. The structure of the suction
surface provided with-the suction holes 13A is similar to
that of the suction surface in the main vacuum plate 10.

Further, such suction holes may be provided in the upper

h

surface of the rotary vacuum plate 15 for the purpose of
slackening the stratified part 1B', as shown in Fig.2.

As shown in Figs. 1 and 2, the insulating
substrate 11 is conveyed to the tacking position of the
stratified part 1B in the thin-film coating apparatus by
the front-stage conveyer 17 constituted by lower conveyer
rollers 17A and upper conveyer rollers 17B. The front-
stage conveyer 17 is provided with a sensor Sl disposed
for detecting the forward end of the substrate in the

vicinity of the substrate conveying passage in front of

the tacking position. When the <£forward end of the
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insulating substrate 11 in the -direction of conveyance is

detected by the sensor 'Sl, the sensor S1 generates a
detection signal to start the operation of a preset
counter of a CPU 24, which will be described below. When
a predetermined time has passed, +the preset counter
generates a control signal to stop the forward end of the
insulating substrate 11 in the tacking position. For
example, the sensor S1 may be <constituted by a

photoelectric switch.

Further, the frbnt—stage conveyer 17 is provided

4
na

with a sensor S2 disposed in the vicinity of the substrate .

]

conveying passage in front of the sensor S1 in a position

for detecting the backward end of the substrate. When the
backward nd of the insulating substrate 1 in éhe
direction of conveyance is detected by the sensor S2, the
sensor S2 generates a detection signal to start the
operation of a preset counter of the CPU 24 in the same
manner as described above concerning the sensor Sl. When a
predetermined time has passed, the preset count

generates a control signal to form the slack 13' of the

o 4

stratified part 1B in the backward end in the feeding

direction, cut the stratified part 1B at the designated

cutting position with the cutting device 14, and laminate

the rearward end of the thus-cut stratified part 1B onto

the insulating substrate 11 by thermocompression-bonding.
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At the same time, the preset counter generates a control
signal to move the thermocompression-bonding rollers 16
from the tacking position 16(2) to the vicinity . 16(4) of
the standby position, as will be described below in more
detail. For example, the sensor S2 may be constituted by
a photoelectric switch, similarly to the sensor Sl1.

The rear-stage conveyer 18 is constituted by lower
conveyer rollers 18A and upper conveyer rollers 18B. The
rear-stage conveyer 18 conveys the insulating substrate 11
to the exposure position where a wiring pattern is formed
after the stratified part 1B has been thermocompression-
bonding~laminated onto the insulating substrate 11 by the
thermocompression-bonding rollers 16 3in the thin-film
coating apparatus.

The detection signals from the sensors S1 and S2
for detecting the forward end and backward end,
respectively, of the insulating substrate in the direction
of convevance are fed to the CPU (microcomputer) 24 via an
input circuit 23, as shown in Fig. 7, which is a block
diagram showing a control system. The CPU 24 includes
presettable counters, arithmetical circuits, discriminat-
ing circuits, memories, and the like.

Similarly, when each of the switches 12D-SwWl, 12D-
SW2, 161I-SW1l, 16I-SW2, 14D-SWl1 and 14D-SW2 in the driving

source 12D X-direction driving source 16I, and cutting
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device 14 operates, a corresponding signal is fed to the
CPU 24 via the input circuit 23.

The CPU 24 executes predetermined processing on
the basis of the respective signals. As a result of this
processing, the CPU 24 generates a control signal via an
output circuit 25 to control the respective electro-
magnetic valve 12G (namely, the electromagnetic solenoid
12Gi) and the like. As described above, the electro-
magnetic valve 12G controls the shaft 12Da of the driving

source 12D as shown in Fig. 3. Similarly, another

t-4

electromagnetic valve 16Im (not illustrated in detail)
controls the shaft of the X-direction driving source 1631.
A further electromagnetic valve 16ém controls the shaft of
the Y-direction driving source 16G. A still further
electromagnetic valve 14M controls the movable member 14E
which moves within the hollow tube 14D.

As shown in Figs. 1 and 2, thin £ilm correctors 19
are provided on the apparatus body 7 (or on the front-
stage conveyer 17 or on the supporting member 12) in the
vicinity of the thin film feeding passage of the tack
portions 1l0E of the main vacuum plates 10. Each thin film
corrector 19 corrects the forward end of the stratified
part 1B in the direction of the arrow. G to move it closer

to the tack portion 10E. The thin film corrector 19 is

constituted by a fluid carrying pipe 19A extending in the
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direction of width of the stratified part 1B, and a
plurality of fluid spraying holes 19B provided in the
fluid carrying pipe 19A.

The fluid carrying pipe 19A, which is hollow in
its interior, passes a fluid with a pressure higher than
atmospheric prassure. Although this embodiment has been
described with respect to the case where the <£luid
carrying pipe 192 is approximately circular in cross
section, it is understood that the invention is not
limifad thereto and that the pipe 19A may be rectangular
or elliptical.

The fluid spraying holes 19B are used to spray a
fluid in a direction to correct the stratified part 1B.

Air is preferably used as a f£luid used in the thin

Hh

ilm corrector 19. Alternatively, the fluid used in the
thin film corrector 19 may be a gas, such as an inert gas
and the like, or a liquid, such as water, oil and the
like.

Further, as shown in Figs. 1 and 2, thin film
projectors 20 are provided on the apparatus body 7 (or on
the front-stage conveyer 17 or on the supporting member
12) in the vicinity of the stratified part 1B (1B') fed
between the lower suction portion 13b of the sub-vacuum
plate 13 and the rotary vacuum plate 1. Each of the thin

: . = 3 EL QA -4 !
film projectors 20 forms the slackened stratified parc 1B
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in a direction closer to the thermocompression-bonding
roller 16 (in the direction of the arrow H). The thin
film projector 20 is constituted by a £luid carrying pipe
204 extending in the direction of width of the stratified
part 1B, and & plurality of £luid spraying holes 20B
formed in the fluid carrying pipe 20A.

The fluid carrying pipe 20A is made hollow so as
to pass a fluid with a pressure higher than atmospheric
pressure. Although this embodiment has been described
with respect to the case where the fluid carrying pipe 202
is substantially circular in cross section, it is to be
understood that the invention is not limited thereto and
that the pipe 202 may be rectangular or elliptical in
cross section, similarly to the foregoing £luid carrying
pipe 19A.

The £luid spraying holes 20B are employed to spray
a £luid in a direction to project the slack of the
stratified part 1B' as described above.

Air 1is preferably used as the £1luid in the thin
film projector 20 in the same manner as described above
regarding the thin film corrector 19. Alternatively, the
fluid used in the thin film projector 20 may be a gas,
such as in inert gas and the 1like, or a liquid, such as

water, oil and the like.
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According to the present invention, the thin film
corrector 19 or the thin £ilm projector 20 may be
constituted by a plurality of £luid spraying nozzles
arranged in the direction of width of the stratified part
1B to correct or project the stratified part 1B in the
proper direction as described above.

The thin £ilm corrector 19 or the thin £ilm
projector 20 may be constituted byd a suction pipe

extending in the direction of width of the stratified

e
o

ar

1B, and a plurality of suction holes formed in the suctio

ot
o}

pipe to apply sucticn to the stratified part 1B to correct
or project it in the proper direction, as described above.

Further according to the present invention, the
thin £ilm corrector 19 or the thin £ilm projector 20 may
be constituted by a convex member arranged to correct or
project the stratified part 1B in the proper direction as
described above.

Moreover, the thin f£ilm corrector 19 may be

made
to serve also as the thin film projector 20, or the thin
film projector 20 may be made to serve as the thin f£ilm

corrector 19. .

As shown in Figs. 1 and 2, a substrate guiding
member 21 1s provided on the apparatus body 7 (or on the
rear—-stage conveyer 18) between the thermocompressicn-

bonding roller 16 placed in the tacking position 16{2) and
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the conveyer roller 18A of the rear-stage conveyer 18.
The substrate guiding member 21 guides the insulating
substrate 11 having the stratified part 1B
thermocompression—-bonding-laminated thereto £rom the
Ehermocompression—bonding—laminating position (tacking
position) to the position of the conveyer rollers 18A and
18B. For example, the substrate guiding member 21 may
have a plurality of bar-like portions, each extending in
the conveyance direction of the insulating substrate 11.
The bar—~like portions are arranged in the form of a comb
iﬁ the direction of conveyance of the width of the
substrate 11. The comb-shaped substrate guiding member 21
has a sufficiently small contact area w;th the insulating
substrate 11 that frictional resistance can be reduced
during the conveyance of the insulating substrate 11.
Accordingly, the substrate guiding member 21 can guide the
insulating substrate 11 smoothly.

According to the present invention, the substrate
guiding member 21 may be shaped like a net or a plate.

A method of thermocompression—-bonding-laminating
the stratified part 1B employing the aforedescribed thin
film coating apparatus . will now be described with
reference to Figs. 1 through 7 and Figs. 8 through 16 the

latter being partly enlarged views showing various work
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At first, as shown in Figs. 1 and 2, the faediné—
direction forward end of the stratified part 1B separated
by the thin film separating roller 3 is manually brought
between the sub-vacuum plate.l3 and the cutting device 14.

Next, the forward end of the stratified part 1B is
held-by suction by the sub-vacuum plate 13. After holding
the stratified part 1B, the sub-vacuum plate 13 is moved
away from the feeding passage of the stratified part 1B by
the driving source 13A so that the forward end of the
stratified part 1B is held by suction by the tack portion
10E. At this time, not only is suction applied by the
main vacuum plate 10 and the tack portion 10E, but also
the stratified part 1B is corrected by the thin £ilm
corrector 19. Accordingly, the £forward end of the
stratified part 1B is securely held by the tack portion
10E. While the continuous operation is being carried out,
the forward end of the 'stratified part 1B cut by the
cutting device 14 is suction-held by the tack portion 1QE.

Next, the insulating substrate 11 is conveyed by
the conveyer rollers 17A and 17B of the £ront-stage
conveyer 17.

Subseguently, as shown in Fig. 8, when the
conveyance—-direction forward end of the insulating
substrate 11 passes through the position where the forward

enéd of the substrate 11 1is detected, the sensor S1 1is
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operated. The detection signal -of the sensor S1 is fed to
the CPU 24 via the input circuit 23 shown in Fig. 7 to
thereby actuate a preset counter. .This counter counts a
predetermined time, after which the conveyance-direction
forward end of the insulating substrate 11 is stopped at
the tacking position.

Further, the detection signal of the sensor S1
actuates another preset counter of the CPU 24. The other
preset counter counts a time to start moving the tack
portion 10E close to the conveyance passage while the
conveyance—-direction forward end of the insulating
substrate 11 is being conveyed frcm the substrate-forward-
end detection position to the tacking position.

In the condition shown in Fig. 8, the tack portion’
10E (the main vacuum plate 10) is located in the tacking
operation start position ST, whereas the
thermocompression-bonding roller 16 is located in the
standby position 16(1). The tacking operation start
position STl is a position where the swifch 12D-SW2 of the
driving source 12D for moving the main vacuum plate 10 is
operated and the upper and lower supporting members 12 are
stopped at the nearest position to the conveyance passage
of the substrate.’

Next, as shown in Fig. 9, while the conveyance-

direction forward end of the insulating substrate 11 1is
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being conveyed from the substrate-forward-end detection
position to the tacking position, the movement of the tack
portion 1l0E close to the conveyance passage is started.
More particularly, the motion of the tack portion 1l0E is
started by controlling the electromagnetic valve 12G by
the CPU 24 through the output circuit 25 on the basis of
the output signal of the other preset counter to thereby
control the driving source 12D.

Next, when the conveyance-direction forward end of
the insulating substrate 11 reaches the tacking position,
the conveyance of the insulating substrate 11 is stopped
in response to the output signal from the first preset
counter. Upon or soon after the stopping of the
insulating substrate 11, the tack portion L0E moves close
to the conveyance passage so as to come into contact with
the conveyance-direction forward end of the conductive
layer of the insulating substrate 11, whereby the forward
end of the stratified part 1B held by the tack portion 10E
is temporarily thermocompression-bonded as shown in Fig.
10.

In the aforedescribgd method of adhering the
stratified part 1B, a detection signal is generated upon
the detection of the conveyance-direction forward end of
the substrate at a designated detection position before

being conveyed to the tacking position to thereby stop the
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conveyance-direction forward end of the substrate atfter it
has been conveyed from the detection position to the
tacking position, and the tack members are moved close to
the conveyance passage of the substrate while the
conveyance—-direction forward end of the substrate is being
conveyed from the detection position- to the tacking
position to thereby tack the feeding-direction forward end
of the thin £ilm onto the surface of the substrate with
the tack members after the conveyance-direction forward
end of the substrate has stopped at the tacking position.
Accordingly, the time required for moving the tack members

-

10E close to the conveyance passage can be partly included

[

n the time required for conveying the conveyance-
direction forward end of the substrate 11 £from the
substrate—-forward-end detection position to the tacking
position, and thus the time required for moving the tack
members 10E close to the conveyance passage (the time from
the stop of the conveyance-direction forward end of the
insulating substrate 11 to the termination of the tacking
operation) can be shortened to thereby shorten the time
requiréd for adhering the stratified part 1B.

Consequently, the per unit processing time can be

reduced to thereby improve the productivity of the film

coating process.
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When the tack portion 10E touches the conveyance-
direction forward end of the conductive layer of the
insulating substrate 11, the switch 12D-SW1 of the driving
source 12D is actuated. The output signal of the switch
12D~SWl 1is fed to the CPU 24. After continuing the
tacking operation for a predetermined time, the CPU 24
stops the suction operation of the main vacuum plate 10
and the tack portion 1l0E to thereby move the main vacuum
plate 10 and the tack portion 10E away from the conveyance
passage by the driving sources 12C and 12D. More
particularly, the main vacuum plate 10, the tack portion
10E and the sub-vacuum plate 13 are moved to a relatively
far-removed positions compared with the position shown in
Figs. 1 and 2. The distance moved is proportional to the
amount of slack in the stratified part 1B'.

Next, as shown in Fig. 11, the thermoccompression-
bonding roller 16 is moved from the standby position 16(1)
(dotted line) to the tacking position 16(2) (solid 1line)

' SO as to come into contact with the stratified part 1B to
which the feeding-direction forward end has been tacked.

Then, as shown in Fig. 12, the stratified part 1B
is thermocompression-bonding-laminated onto the conductive
layer of the insulating substrate 11 by rotating the

thermocompression-bonding rollers 16 with the insulating

substrate 11 sandwiched between the thermocompression-
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bonding rollers 16. At this time, the suction operation
by the main vacuum plate 10, the tack portion 10E and the
sub—-vacuum plate 13 is stopped. Accordingly, thstratified
part 1B is automatically fed £from the feed rollers 2 to
the thermocompression-bonding rollers 16 by the rotational
force thereof and the force supporting the insulating
substrate 11.

After a predetermined quantity of stratified part
1B is thermocompression-bonding-laminated, the conveyance-
direction rearward end of the insulating substrate 11 is
detected by the sensor S2 at the substrate-rearward-end
detection position as shown in Fig. 1. The detection sig-
nal of the sensor S2 is fed to the CPU 24, which in re-
sponse starts simultaneously the respective suction opera-
tions of the main vacuum plate 10, the sub-vacuum plate 13
and the rotary vacuum plate 15 (not shown in Fig. 7). The
supporting member 12 is moved from the farthest position

.

from the substrate conveyance passage by the

[oh)
o]
n

source 12C and the stratified part 1B is fed toward the
insulating substrate 11. At the same time, as shcwn in
Fig. 2, the lower suction portion 138 of the sub-vacuum
plate 13 is operated so that the feeding-direction rear-
ward end (cutting position) of the stratified part 1B co-
incides with the cutting position of the cutting device

14. The feeding speed of the stratified part 1B (the

NN
it e e e
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speed of the supporting member- 12) is established to be
more than the thermocompression-bonding-laminating speed
of the thermocompression-bonding roller 16, that is, the

peripheral speed of the thermocompression-bonding roller

In this condition, the stratified part 1B is
slackened between the sub-vacuum plate 10 and the rotary
vacuum plate 15 to form a slackened stratified part 1B'.
The feeding-direction opposite ends of the slackened
stratified part 1B' can be securely held respectively by
the lower suction portion 13b of the sub-vacuum plate 13
and the rotary vacuum plate 15 through correction by the
thin £ilm corrector 20.

Next, as shown in Fig. 13, the feeding-direction
rearward end of the stratified part 1B which coincides
with the cutting position of the cutting device 14 is cut

ze of

(S

into a predetermined length corresponding to the s
the insulating substrate 11 by the cutting device 14. As
described above, the cutting ‘device 14 can cut the
stratified part 1 by moving the disc-like cutter 14C 1in
the direction crossing the feeding direction of the
stratified part 1.

When the feeding-direction rearward end of the
stratified part 1B is cut by the cutting device 14, one of

the switches 14D-SWl and 14D-SW2 is operated by the member
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14E which moves within the hollow tube 14D. The output
signal of the switch 14D-SWl or 14D-SW2 is fed to the CPU
24, whereupon the electromagnetic valve l6Im is controlled
by the CPU 24 to thereby control the X-direction driving
source 16I. As shown in Fig. 16, the X-direction driving
source 16I moves the thermocompression-bonding roller 16
in the direction of the arrow X, that is, in the substrate
conveyance direction (Fig. 14 shows the condition in which
the thermocompression-bonding roller has been moved to the
position 16(3)) while the feeding-direction rearward end
of the stratified part 1B is being laminated by
thermocompression—-bonding.

Next, as shown in Fig. 15, the feeding-direction
rearwaréd end of the stratified part 1B is moved onto the
conductive layer of the insulating substrate 11 by the
rotary vacuum plate 15 until the stratified part 1B is
thermocompression-bonding-laminated to the substrate 11,
while the thermocompression—-bonding roller 16 1is being
moved to convey the 1insulating substrate 1l1. The
thermocompression-bonding roller 16 can be moved close to
the standby position 16(1) (more particularly, to the
position 16(4) as shown in Fig. 15) nearest to the standby
position in the X-direction. The rotational speed of the

rotary vacuum plate 15 1is slightly lower than the

rotational speed of the thermocomnression—bonding roller
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16 so that the rearward end of ‘the stratified part 1B can
be thermocompression-bonding-laminated onto the conductive
layer of the insulating substrate 11. That is, when the

rotary vacuum plate 15 rotates at a speed slightly lower
than that of the thermocompression-bonding rcller 16, a
proper amount of tension can be applied to the stratified
part 1B between the rotary vacuum plate 15 and the
thermccompression-bonding roller 18. Accordingly, the
tratified part 1B can be securely thermocompression-
bonding~laminated without crumpling.
Next, after the thermccompression-bonding lamina-
tion is finished, the thermocompression-bonding roller 16
is moved from the vicinity 16(4) of the standby position
to the standby position 16(l) in the direction of the
arrow ¥ so as to be out of the substrate conveyance pas-
sage, as shown in Fig. 16. When the switch 16I-SW2 of the
X—-direction driving source 16I 1is actuated, the CPU 24
controls the electromagnetic valve 16Gm after the passage
of a predetermined time so that the valve 16Gm controls
the ¥Y-direction driving source 16G to cause the thermocom-
pression-bonding roller 16 to move in the direction of the
arrow Y.
Fig. 21 is a timing chart of the operation of the
thermocompression-bonding roller 16 according to the

invention in comparison with the conventional thermo-
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compression-bonding roller. As shown in Fig. 21, in the
prior art, the thermocompression-bonding roller is moved
in the Y-direction after thermocompression-bonding lamina-
tion, and then it is moved in the X-direction. RAccording
to the present invention, however, the thermccompression-
bonding roller 16 is moved to the vicinity 16(4) of the
standby position in the X-direction during thermo-
compression—-bonding lamination, and then it is moved to
the standby position 16(1) in the Y-direction.
In the aforediscussed method of adhering the
tratified part 1B, the thermocompression-bonding rollers
16 are moved from the tackihg position 16(2}) *to the

vicinity 16(4) of +the standby position while the tacked

|.1.

stratified part 1B 1is being thermocompression-bonding-

laminated onto the conductive layer of the insulating
substrate 11. Accordingly, the time required for moving
the thermocompression-bonding rollers 16 from the tacking

position 16(2) to the standby position 16(1) can be partly

ied

[
h

included in the time required for adhering the strat
part 1B onto the insulating substrate 11 so that the time
of movement of the thermocompression-bonding rollers 16
after the stratified part 1B is adhered to the substrate
can be shortened to thereby shorten the total time

required for applying the stratified part 1B.
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Furthermore, according -to the present invention,
not onlyis the time required for moving the tack members
10E close to the conveyvance passage shortened, but also
the time taken £for movement of the thermocompression-—
bonding rollers 16 shortened to thereby shorten.the total
time required £for applying the stratified part 1B nmore
remarkably.

Consequently, the production rate attained with
the invention is significantly improved..

The insulating substrate 11 having the stratified
part 1B thermocompression-bonding-laminated thereon can be
smoothly conveyed by the conveyer rollers 182 and 18B of
the rear-stage conveyer 18 through the substrate guiding
member 21. The insulating substrate 11 is conveyed to the
exposure device by the rear-stage conveyer 18.

The invention is applicable to the case where such
thermocompression-bonding lamination is continuously
carried out, as illustrated in Figs. 17 through 20 (partly
enlarged views showing various work steps).

Similarly to the step 12 of the foregoing thermo-
compression-bonding-laminating method, the stratified part
1B tacked at the feeding—-direction forward end is thermo-
compression-bonding-laminated at the tacking position

16(1) by the thermocompression-bonding roller 16, as shown

in Fig. 17.
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Next, the conveyance-direction rearward end of the

insulating substrate 11 is detected by the sensor S2 (not

shown in detail), and then the stratified part 1B is cut.

by the cutting device 14. As described above, after
cutting, the operation of moving the thermoccmpression-
bonding roller 16 from the tacking position 16(2) to the
vicinity 16(4) of the standby position is started while
the stratified part 1B is being thermocompression-bonding-
laminated. As shown in Fig. 18, during this operation,
the feeding-direction forward end of the stratified part
18 is suction-held by the tack portion 10E in preparation
for the succeeding step. The insulating substrate 11' is
successively conveyed so as to be thermocompression-
bonding-laminated in the succeeding step

Subsequently, as shown in Fig. 19, when the
conveyance-direction forward end of +the insulating
substrate 11' to be laminated in the succeeding step is
detected by the sensor S1, the operation of moving the
tack portion 10E close to the conveyance passage starts.
At this time, the insulating substrate 11, which is
subjected to thermocompression-bonding lamination in the
preceding step, is conveyed while the feeding-direction
rearward end thereof is being thermocompression-bonding-
laminated. At the same time, the thermocompression-—

bonding roller 16 is moved from the tacking position 16(2)
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toward the vicinity 16(4) of -the standby position and
located 1in the position 16(3). Thus, the
thermocompression-bonding roller 16 never touches the tack
portion 10E.

As shown in Fig. 20, when the thermocompression-
bonding roller 16 is moved to the vicinity 16(4) of the
standby position and thermocompression-bonding lamination
is terminated (just after or before termination), the
tacking operation in the succeeding step is completed.
Accordingly, the thermocompression-bonding lamination
(tacking operation) in the succeeding step can be carried
out during-the thermocompression-bonding lamination in the
preceding step.

In the aforedescribed method of sticking the
stratified part 1B, the thermocompression-bonding
lamination in the succeeding step is carried out while the
thermocompression-bonding lamination in the preceding step
is being performed. Accordingly, the time reguired £for
thermocompression—ﬁonding lamination in the succeeding
step can be partly included in the time required for
thermocompression-bonding lamination in the preceding step
to thereby shorten £he time required until the start of
thermocompression-bonding lamination in the succeeding
step, and thus the total time required for applying the

stratified part 1B can be shortened.
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While the present invention has been described
with reference to preferred embodiments thereof, it is a
matter of course that the present invention is not limited
to these embodiments and that various changes angd
modifications may be made without departing £from the
spirit of the invention.

As one modification, the cutting device 14 may be
arranged to move in the same direction as the feeding
direction of the stratified part 1B so that the stratified
part 1B can be cut while the cutting device 14 is being
moved.

As another modification, the sub-vacuum plate 13
may be separated into two parts, that is, one serving for
suction-holding the feeding-direction forward end of the
stratified part 1B to the tacking portion 10E and the
other serving as a holder of the cutting device 14. Thus,
the two parts may be controlled independently

Further, the invention' is applicable to a thin
film coating apparatus in which the stratified part 1B is
thermocompression-bonding—-laminated onto the insulating
substrate 11 by other, non-thermal compression-bonding
rollers after the insulating substrate 11 is preliminarily
heated.

In addition, the present invention is applicable

to a thin film coating apparatus in which a protective
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£ilm is stuck onto a decorative board used as a building
material.

According to one aspect of the present invention,
in a method of coating a substrate with a thin £film
including steps of bringing tack members cleose to a
surface of the substrate at its forward end in the
conveyance direction to thereby temporarily tack a forward
end portion of the thin £ilm in the feeding direction onto
the forward end surface of the substrate, moving
compression-bonding rollers into a tacking position where
the forward end portion of the thin film is tacked from a
standby position where the compression-bonding rollers do
not touch the respective tack members to thereby make
compression-bonding contact with the forward end portion
of the tacked thin £ilm after the tack members are moved
away from the surface of the substrate, and rotating the
compression-bonding rollers at the taking position for the
double purpose of conveying the substrate and adhering the
thin £ilm to the substrate, the inventive thin £ilm
coating method is characterized in that the forward end of
the substrate is detected to produce a detection signal at
a detection position before the substrate is conveyed to
the tacking position, the conveyance of the substrate is

stopped after the forward end of the substrate has been

cenveyed from the detection position to the tacking
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position, and the tack members are brought close to a
conveyance passage of the substrate while the forward end
of the substrate is being conveyed from the detection
position to the tacking position to thereby tack the
forward end of the thin £film to the surface of the
substrate after the forward end of the substrate has been
stopped at the taking position. Accordingly, the time
required for moving the tack members close to the convey-
ance passage can be partly included in the time required
for conveying the conveyanée—direction forward end of the
substrate from the detection position to the tacking
position, and hence the time required for moving the tack
members close to the conveyance passage after the stopping
of the substrate can be shortened to thereby shorten the
total time required for applying the thin £ilm.

According to another aspect of the present
invention, the above-described thin film coating method is
characterized in that the compression-bonding rollers are
moved near to the standby position from the tacking
position while the tacked thin £ilm is being adhered to
the surface of the substrate. Accordingly, the time
required for moving the compression rollers from the
tacking position to the standby position can be partly

included in the time required for adhering the thin film

2

(]
h

onto the surface of the substrats, and hence the time
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movement of the compression-bonding rollers after the thin
£ilm is adhered to the surface of the substrate can be
shortened to thereby shorten the total time required for
applying the thin film.

According to a further aspect of the present
invention, the described thin film coating method is
characterized in that the forwérd end of the substrate is

detected to produce a detection signal at a detection

ct

osi

g

ion before the substrate is conveyed to the tacking
position, the conveyance of the substrate is stopped after
the forward end of the substrate has been conveyed f£rom
the detection position to the tacking position, the tack

members are brought close to a conveyance passage of the

substrate while the forward end of the substrate is being

cr

conveyed £from the detection position to ne tacking
position to thereby tack the forward end of the thin film
to the surface of the substrate after the forward end of
the substrate is stopped at the tacking position, and the
compression-bonding rollers are moved near to the standby
position from the tacking position while the tacked thin
film is being adhered to the surface of the substrate.
Accordingly, not only the time is required for moving the
tack members close to the conveyance passage shortened,

but also the time of movement of the compression—-bonding

rollers after the thin film is adhered to the surface of
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A method of coating a substrate with a thin film
comprising steps of bringing tack members close to a surface of
said substrate at its forward end in a conveyvance direction
thereof to thereby temporarily tack a forward end portion of
said thin film in a feeding direction therecf to said forward
end surface of said substrate, moving compression-bonding
rcilers into a tacking position where said forward end portion
of said thin film is tacked from a standby position where said
compression-bonding rollers do not touch respective ones of saic
tack members to thereby make said compression-bonding contact

with said forward end pertion of said tacked thin film after

o

said tack members are moved away froem the surface of said

lers at saic

(-

substrate, and rotating said compression-bonding ro

tacking position for the double purpose of conveying said
substrate and adhering said thin film to said substrate,

characterized by the steps of: detecting said forward end of
said substrate tc produce a detection signal at a detection
position before said substrate is conveved to said tacking

~

position, stopping convevance of said substrate arter s

jus
[N
Q.

forward end o

+h

said substrate has been conveved from said

members close to a convevance passage of sald subst
said forward end of said substrate is being conveyed.from said
detection position to said tacking position to thereby tack sai
forward end of said thin film to said surrtace of said substrate
after said forward end of said substrate is stopped at said
tacking position, and moving said compression-bonding rollers
near said standby position from said tacking position while sai:

tacked thin film is being adhered to said surface of said

substrate.
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THIN FILM COATING METHOD

In a2 method of coating a substrate with a thin film, the
forward end of the substrate is detected to produce a detection
signal at a detection position before the substrate {s conveyed
to a tacking position, and tack members are broughi c¢lose to a
conveyance passage of the substrate while the forward end of
the substrate is being conveyed from the detection position to
the tacking position to thereby tack the forward and of the
thin film onto the surface of the substrate after the forward’

end of the substrate has stopped at the tacking position.

Selected Drawing: Pigure 1.
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THIN FILM COATING METHOD

Description

BACKGRQUND QF THE INVENTION

The present invention relates to a thin film coating .
technique. More particularly, the invention relates to a
thin film coating technique for applying a thin film to the .
surface of a substrate.

Generally, a printed-circuit board used in electronic
devices such as computers and the like is constituted by
an insulating substrate and a circuit pattern of copper or
the like formed on one of or both sides of the insulating
substrate. .

- Such a printed-circuit board can be produced
through the following manufacturing process:

a layer of stratified material composed of a light-
sensitive resin (photoresist) layer and a light-transmissi-

- ble resin film (protective fiim) for protecting the layer is

laminated by thermocompression-bonding onto an elec-
trically conductive layer provided on an insulating sub-
strate. Thermocompression-bonding lamination is
carried out in mass production by a thin film coating
apparatus called a "laminator”, Thereafter, a circuit-pat-
tern film is formed on the stratified material, and the
light-sensitive resin layer is exposed to light through the
circuit-patter film and light-transmissible resin film for a
predetermined time. After the light-transmissible resin
film has been peeled off by a separating device, the
exposed light-sensitive resin layer is developed to form
an etching mask pattern. Then, unnecessary parts of
the conductive layer are removed by etching, after
which residual parts of the light-sensitive resin layer are

. removed, thereby completing the printed-circuit board.
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The thin film coating apparatus used in the afore-
mentioned printed-circuit board manufacturing process
is arranged to automatically laminate the stratified
material by thermocompression-bonding. For example,
in a thin film coating apparatus as described in com-
monly assigned Japanese Unexamined Patent Publica-
tion No. 60-71229, upon which the preamble of the
claim is based, thermocompression-bonding lamination
is carried out as follows:

A web of the stratified material continuously
wound on 3 feed roller of the thin film coating apparatus
is fed to the forward end of the surface of a substrate by

has a stratified-material-feeding surface provided with a
plurality of suction holes for applying suction to the strat-
ified layer. The main vacuum plate moves to the surface
of the substrate while applying suction to the web of
stratified material to thereby feed the stratified material.

The forward end of the web of stratified material fed to

the substrate is tacked temporarily by thermocompres-
sion-bonding to the conductive layer of the insulating
substrate by an arc-like tack portion provided on the
feeding-direction forward end of the main vacuum plate.
The forward end of the web of stratified material can be
held to the tack portion by a sub-vacuum piate which
moves close to and away from the feeding passage of

forward end of the substrate is detected by a sensor (at
a detection position) provided along the conveyance
passage in front of the tacking position where tacking is
carried out. The conveyance-direction forward end of
the substrate stops in response to a detection signal
produced by the sensor after being conveyed from the
detection position to the tacking position. After the con-
veyance-direction forward end of the substrate has
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stopped at the tacking position, the tack portion 1S
moved close to the conveyance passage to perform the
taking operation. |

After the completion of the tacking, the main vac-
uum plate moves away from the tacking position.

Next, each of the thermocompression-bonding roll-

ers is moved from the standby position where the rolier
does not touch the tacking portion (main vacuum piate)
so as to come into contact with the web of stratified
material at the taking position where the forward end
thereof is tacked. The standby position of the thermo-
compression-bonding roller is closer to the conveyance
passage of the substrate than the tacking position. The
thermocompression-bonding roller rotates at the tack-
ing position for the double purpose of laminating the
stratified matter onto the surface of the substrate by
thermocompression-bonding and conveying the sub-
strate. :
After a predetermined length of the stratified mate-
rial has been laminated by thermocompression-bond-
ing, the stratified material is cut into a predetermined
length corresponding to the size of the substrate by the
cutting device.

Subsequently, the feeding-direction rearward end.

of the stratified material cut by the cutting device is ther-
mocompression-bonding-laminated onto the substrate
by the thermacompression-bonding roller.

Thereafter, the thermocompression-bonding roller

is moved from the tacking position to the standby posi-

tion, thereby completing thermocompression-bonding .

lamination.

The aforedescribed conventional thin film coating
apparatus is arranged to move the tack portion (main
vacuum plate) close to the conveyance passage of the
substrate after the conveyance-direction forward end of
the substrate has stopped at the tacking position.
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Therefore, the time required for completing the tacking
operation after the stopping of the substrate is long.
Accordingly, a problem arises in that thermocompres-
sion-bonding-laminating time is long.

Further, in the conventional thin film coating appa-
ratus the thermocompression-bonding roller is moved
from the tacking positiort to the standby position after
the rearward end of the stratified material is thermo-
compression-bonding-laminated to the surface of the

substrate. More particularly, the thermocompression-.

bonding roller moves from the tacking position (i.e., in
the Y direction) so as to be separated from the convey-
ance passage of the substrate. Next, the thermocom-
pression-bonding roller moves to the standby position in
the same direction as the conveyance direction of the
substrate (i.e., in the X direction). With this arrange-
ment, the time required for moving the thermocompres-
sion-bonding roller from the tacking position to the
standby position after thermocompression-bonding
lamination is long. Accordingly, a problem arises in that
the thermocompression-bonding-laminating time of the
stratified material is long.

In addition, a problem arises in that in the conven-
tional thin film coating apparatus the productivity is low
in manufacturing printed-circuit boards because the
thermocompression-bonding-laminating time of the
stratified material is long, as described above.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
technique by which the productivity in thin film coating
can be improved.
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It is another object of the present invention to pro-
vide a technique by which thin film coating time can be
shortened. |

It is still ancther object of the present invention to
provide a technique by which the time required for mov-
ing the compression-bonding rollers can be shortened.

These and other objects of the present invention
and the features of novelty which characterize the
present invention will be apparent from this specification
and accompanying drawings.

In the following, the invention is described in brief.

According to the present invention, a method of
coating a substrate with a thin film is provided, compris-
ing the steps of bringing tack members close to a sur-
face of the substrate at its forward end in the
conveyance direction to thereby temporarily tack a for-
ward end portion of the thin film in the feeding direction
onto the forward end surface of the substrate, moving
compression-bonding rollers into a tacking position
where the forward end portion of the thin film is tacked
from a standby position where the compression-bong-
ing rollers do not touch the respective tack members to
thereby form the compression-bonding contact with the
forward end portion of the tacked thin film after the tack
members are moved away from the surface of the sub-
strate, and rotating the compression-bonding rollers at
the tacking position for the double purpose of conveying
the substrate and adhering the thin film to the substrate,
the thin film coating method of the invention being char-
acterized in that the compression-bonding rollers are
moved near to the standby position from the taking posi-
tion while the tacked thin film is being adhered to the

surface of the substrate.




-6-

18 JUN 1997

Therefore, according to the present invention, in the
arrangement described above, the time required for
moving the compression-bonding roliers from the tack-
ing position to the standby position can be partly
included in the time required for adhering the thin film

onto the surface of the substrate, and thus the time "

required for movement of the compression-bonding roll-

ers after the thin film is adhered to the surface of the‘

substrate can be shortened, whereby the total time
required for applying the thin film can be shortened.

Consequently, the unit time for thin film coating is
reduced, and hence the manufacturing efficiency of thin
film coating process improved.

BRIEF DESCRIPTION OF THE DBRAWINGS

——

" Fig. 1 is a schematic view of a thin film coating

apparatus operating in accordance with a preferred
embaodiment of a method of the present invention;
Fig. 2 is a partly enlarged view of a portion of Fig. 1;
Fig. 3 is a schematic sectional view showing the
arrangement of driving sources depicted in Figs. 1
and 2 and showing an electromagnetic valve for
controlling those driving sources;

Fig. 4 is a schematic plan view of a cutting device
as seen from the direction of an arrow IV in Fig. 2;
Fig. Sis a partly sectional view of the cutting device,
taken along a line V - Vin Fig. 4;

Fig. 6 is a schematic view of an arrangement for
driving and moving thermocompression-bonding
rollers depicted in Figs. 1 and 2;

Fig. 7 is a block diagram showing a control system
for the thin film coating apparatus;
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Figs. 8 through 16 are partly enlarged views of por-
tions of Fig. 1 illustrating respective wark steps
showing a method of thermocompression-bonding
lamination;

Figs. 17 through 20 are partly enlarged views of
portions of Fig. 1 illustrating respective work steps
in another method of thermocompression-bonding
lamination according to the invention; and

Fig. 21 is a timing chart for expiaining the operation
of the thermocompression-bonding rollers.

DESCR!PTION QOF THE PREFERRED EMBODI-
MENTS '

A preferred embodiment of the invention, in the
case where the invention is applied to a thin-film coating
apparatus for thermocompression-bonding and laminat-
ing a layer of a stratified material composed of light-sen-
sitive resin layers and light-transmissible resin films onto
a substrate for a printed circuit, will be described in
detail hereunder with reference to the drawings, in
which like parts are correspondingly referenced for the
purpose of simplification of description.

A thin-film coating apparatus constructed and oper-
ating according to the present invention is shown in the
schematic view of Fig. 1.

As shown in Fig. 1, a web of a three-layer stratified
material 1 constituted by a light-transmissible resin film
layer, a light-sensitive resin layer and a light-transmissi-
ble resin fim layer, is continuously wound on a feed
roller 2. The stratified material 1 on the feed roller 2 is
separated into a light-transmissible resin film (protective
film) part 1A and a stratified part 18 by a thin-film sepa-
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rating roller 3. More particularly, the stratified part 1B is
constituted by a light-sensitive resin layer exposed on
one surface (adhesive surface), and a light-transmissi-
ble resin film layer. The separated light-ransmissibie
resin film part 1A is taken up by a take-up roller 4.

A forward end of the stratified part 1B separated by
the thin-film separating roller 3 is held by a main vacuum
plate 10 through a tension roller 9 as shown in Figs. 1
and 2 (partly enlarged view).

The tension roller 9 applies a moderate amount of
tension to the stratified part 1B between the feed roller
2 and the main vacuum plate 10. More particularly, the
tension roller 9 is arranged to prevent the fed stratified
part 1B from crumpliing.

The main vacuum plate (thin-film feed member) 10
is arranged to feed the stratfied part 18 onto an electri-
cally conductive layer (for example, Cu layer) on an-
electrically insulating substrate 11 from the feed roller 2.
As shown in Figs. 1 and 2, the main vacuum plate 10 is
provided on a supporting member 12 which can move
close to and away from the insulating substrate 11 (in
the directions of the arrow B). The supporting member
12 is provided on an apparatus body (box-like body of
the thin-film coating apparatus) 7 so as to be slidable on
a guide member 7A in the directions of the arrow B.
Although a description has been made about a single
supporting member 12 for the purpose of simplicity, it is
to be understood that in fact a pair of upper and lower
supporting members 12 are provided above and below
the conveyance passage of the insulating substrate 11.
The upper and lower supporting members 12 are oper-
ated by a rack-and-pinion mechanism interlocked with
each other so that both the pair of supporting members
12 simultaneously move to approach or move away
from each other. More particularly, the pair of upper and
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lower supporting members 12 are operated in af inter-
locked manner by racks 12A respectively provided ther-
eon and pinions 128 engaged with the respective racks
12A. The operation of the supporting members 12 is
carried out by a driving source 12C provided on the
lower supporting member 12. For example, the driving
source 12C can-be an air cylinder. Ctherwise, the driv-
ing source 12C may be constituted by a hydraulic cylin-
der, an electromagnetic cylinder, or a stepping motor,
together with a transmission device for transmitting the
displacement of the driving source to the supporting
members 12.

The main vacuum plate 10 is mounted on the sup-
porting member 12 in such a manner that the main vac-
uum plate 10 can move close to and away from the
insulating substrate 11 (in the directions of the arrow C)
independently of the motion of the supporting member
12. The main vacuum plate 10 is cperated by a driving
source 12D and a rack-and-pinion mechanism provided
on the supporting member 12. The rack-and-pinion
mechanism is constituted by a pinion 12E provided on
the driving source 120, a rack 12F provided on the sup-
porting member 12, and a rack 10A provided on the
main vacuum plate 10. The driving source 120 may be
constituted by the same components as those of the
driving source 12C.

The driving source 120 constituted by an air cylin-
der is controlled by an electromagnetic vaive 12G as
shown in Fig. 3 (schematic sectional view). The electro-
magnetic valve 12G is composed of a suction port
12Ga, two exhaust ports 12Gb and 12Gc, controi valves
12Gd to 12Gg, a control rod 12Gh, an electromagnetic
solenoid 12Gi, and two suction-and-exhaust ports 12Gj
and 12Gk.
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A compressed air source (compressor) supplies
pressured air p-air to the suction port 12Ga. The air p-
air is fed to the driving source 12D to thereby move a
shaft 12Da of the driving source 120 in the directions of
the arrow C. After the shaft 12Da has been moved by
the air p-air fed to the driving source 120, the air p-air is
pressed from the driving source 12D to the exhaust
ports 12Gb and 12Gc by the motion of the shaft 12Da.

The control valves 12Ge, 12Gf and control valves
12Gd, 12Gg selectively use either of the suction-and-
exhaust ports 12Gj and 12Ck as a suction port or as an
exhaust port. The control valves 12Ge to 12Gg make
such selection when the control rod 12Gh of the electro-
magnetic solenoid 12Gi is moved in the direction of the
arrow [. The electromagnetic solenoid 12Gi is controlled
by a CPU 24, which will be described later.
~ Although the aforementioned embodiment relates
to the case where an air cylinder is used as the driving
source 120 for controilling the electromagnetic valve
12G, it is a matter of course that the invention is not lim-
ited thereto and that a hydraulic cylinder may be used
as the driving source. |

As shown in Figs. 1 to 3, the driving source 12D is
provided with switches 120-SW1 and 120-SW2 which
operate (turn on and off) corresponding to the position
of the shaft 12Da. The switch 12D-SW1 operates when
the shaft 12Da of the driving source 120 is in the out-
wardmost (fully extended) position, or in other words,
when the main vacuum plate 10 moves closé to the con-
veyance passage of the insulating substrate 11. The
switch 120-SW2 operates when the shaft 120a of the
driving source 12D is in the inwardmost (fully retracted)
position, or in other words, when the main vacuum plate
10 moves away from the conveyance passage of the
insulating substrate 11. Each of the switches 120-SW1
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and 12D-SW2 is constituted by a magnetic proximity
switch. The magnetic proximity switches are operated
by a magnetic force when a movabie member 12Db pro-
vided at an end of the shaft 12Da (within the cylinder)
within the driving source 120 moves close to the switch.
Otherwise, each of the switches 12D-SW1 and 120-
SW2 may be constituted by a microswitch operated by
mechanical contact through the movement of the mova-
ble member 12Db.

The main vacuum plate 10 is provided with a plural-
ity of suction holes (not shown) arranged to hold the
stratified part 1B by a suction force. The suction holes
are connected through an exhaust pipe to a vacuum
source, such as a vacuum pump or the like. The suction

operation of the main vacuum plate 10 is controlled
independently of the suction operation of a tack portion
10E, which will be described later.

The tack portion 10€, having an arc-like surface to
hold by suction stratified part 18, is provided at the for-
ward end of the main vacuum plate 10 in the feeding
direction of the stratified part 1B. The tack portion 10E
is formed integrally with the main vacuum plate 10. As
shown in Figs. 1 and 2, a heater 10F is provided within
the tack portion 10E to thereby heat the arc-like portion.
The tack portion 10E is arranged to tack the forward end
of the stratified part 1B to the conductive layer of the
insulating substrate 11 temporarily by thermocompres-
sion-bonding when the stratified part 18 is fed onto the
main vacuum piate 10.

Although the aforementioned embodiment has
been described with respect to the case where the tack
portion 10E is formed integrally with the main vacuum
plate 10, the invention is applicable also to the case
where the tack portion 10E is formed independently of
the main vacuum plate 10 and where those components
are provided on the supporting member 12.
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A sub-vacuum plate (thin-film supporting membrer)
13 is provided in a position near the tack portion 10E,
more particularly, in the vicinity of the feed passage of
the stratified part 18 between the tack portion 10E and
the insulating substrate 11. As shown in Fig. 2, the sub-
vacuum plate 13 has an upper suction portion 13a and
a lower suction portion 13b provided with suction holes
(not shown). The sub-vacuum plate 13 is formed like U,
the U-shaped portion corresponding to a cut position of
the stratified part 1B. The upper suction portion 13a
mainly holds the forward end of the stratified part 1B in
the feeding direction to thereby hold it to the tack portion
10E. The sub-vacuum plate 13 is mounted on the sup-
porting member 12 through a driving source 13A, such
as an air cylinder, which moves toward and away from
the feeding passage of the stratified part 1B, in the
direction of the arrow D to thereby make it possible to
hold the forward end of the stratified part 1B to the tack
portion 10E.

On the other hand, the !ower suction portion 13b of
the sub-vacuum plate 13 is arranged to hold by suction
a rear end portion of the stratified part 1B after being cut
by a cutting device 14 and keep the stratified part 1B
within the feeding passage. After thermocompression-
bonding laminating starts, the lower suction portion 13b
slackens the stratified part 18 between a rotary vacuum
plate 15 and itself, as shown in Fig. 2, so that a slack-
ened stratified part 1B’ is prepared. The slackened strat-
ified part 1B’ can be formed by making the feeding
speed of the stratified part 18 of the main vacuum plate
10 greater than the feeding speed (thermocompression-
bonding laminating speed) of a thermocompression-
bonding roller 16. Both speeds are controlled by a
sequence control circuit (not shown),

The driving source 13A of the sub-vacuum plate 13
may be constituted by an air cylinder, or may be imple-
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mented with a hydraulic cylinder or the like, in the same
manner as the driving source 12C.

The cutting device 14 is mounted on the apparatus
bedy 7 in the vicinity cf the feeding passage of the strat-
fied part 1B between the tack portion 10E& and the insu-
lating substrate 11, specifically, between the tack
portion 10E and the rotary vacuum plate 15. More par-

ticularly, the cutting device 14 is provided at a position
opposite the sub-vacuum plate 13 when the stratified

part 1B is carried to the cutting position by the sub-vac-

‘uum plate 13. The cutting device 14 is placed on the’
side of a front-stage conveyer 17 for conveying the insu-

lating substrate 11. Otherwise, it may be placed directly
on the front-stage conveyer 17. The cutting device 14
cuts the stratified part 1B continuously fed by the main
vacuum plate 10 into predetermined lengths corre-
sponding to the size of the insulating substrate 11.

The detailed construction of the cutting device 14 is
shown in Fig. 4, which is a schematic plan view seen in
the direction of an arrow [V in Fig. 2, and in Fig. S, which
is a sectional view taken along a line V - V in Fig. 4.

As shown in Figs. 4 and 5, the cutting device 14 is
constituted by a guide member 14A, a movable member
14B, and a disc-like cutter 14C.

The guide member 14A extends in the direction of
width of the stratified part 18 and has its opposite ends
(or one end) fixed to the apparatus body 7, by.screws,
boits, nuts, an adhesive agent or the like. The guide
member 14A is provided with the movable member 148
which can move stably and smoothly in the direction of
the feeding width of the stratified part 1B (in the direc-
tion of an arrow E of Fig. 4). More particularly, the move-
ment of the movable member 148 is effected through a
cylindrical roll 14c provided between a concave portion
14a of the guide member 14A and a concave portion of
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the movabie member 14B. -

The movable member 14B is arranged to move in
the direction of the arrow E along the guide member
14A. The movable member 14B extends along the
guide member 14A and is connected to a movable
member (motor) 14E mounted in a hollow tube 140 and
which moves in the direction of the arrow E’ within the
hollow tube 140 with its opposite ends supported by the
apparatus body 7. The movable member 14E is shaped
like a cylinder of a diameter less than the internal diam-
eter of the hollow tube 14D. A sealing member, for
example, an O-ring, keeps the movable member 14E
close to the internal wall of the holicw tube 140. The
hollow tube 14D is continuously automatically sealed
except for a junction between the movable member 14E
and the movable member 148, so that the hollow tube
14D is maintained airtight. The movable member 14E is
moved by the supply and withdrawal of a fluid such as
air or the like from the end portions of the hollow tube
14D, More particuiarly, when a fluid is supplied into the
hollow tube 14D from left to right in Fig. 4, the movable

“member 14E moves from left to right. When a fluid is
supplied into the holiow tube 14D from right to left in Fig.
4, movable member 14E moves from right to left. In
shért, the movable member 14E is arranged to move
the movable member 14B through a fluid. Although this
embodiment has been described with reference to the
case where air is used as the fluid supplied into the hol-
low tube 14D, itis a matter of course that a gas such as
an inert gas or the like, or a liquid such as water, oil or
the like, may be used. Further, the movable member
14B may be operated by an air cylinder (rod type), a
hydraulic cylinder, motor or the like.
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The disc-like cutter 14C, which rotates as th
able member 14B moves, has a.blade provided at least
on its circumference used to cut the stratified part 1B.
Rotation of the disc-like cutter 14C is effected by the
engagement between a rack 14J and a gear 14| pro-
vided on a rotary shaft 14H, through a gear (pinion) 14G
provided on a rotary shaft 14F, The rack 14J has its
opposite ends (or one end) fixed to the apparatus body
7, as shown in Fig. 4, by screws, bolts, nuts or the like.
The engagement between the rack 14J and the gear 14}
is stabilized by a keeper roller 14L provided on the mov-
able member 148,

The disc-like cutter 14C is formed of metal material
such as a high-speed tool steel or the like. Fluorine
resin is applied to at least the surface of the blade. Flu-
orine resin is inert to most chemicals, superior in its
thermal insulating effect, has a small coefficient of fric-
tion, and is resistant to the build-up of most substances.
Particularly, in the thin-film coating apparatus, fine chips
containing various chemicals and produced by cutting
the stratified part 1B are often deposited on the blade.
Accordingly, fluorine resin coating is effective to prevent
a detericration in the cutting performance of the blade.

A protection cover 14K for the disc-like cutter 14Cis
provided on the movable member 148 in the vicinity of
the disc-like cutter 14C in order to ensure worker safety.

In the cutting device 14, the stratified part 18 can be
cut inte lengths corresponding to the length of the insu-
lating substrate 11 by the rotation of the disc-like cutter
14C produced when the movable member 14B moves
the guide member 14A unidirectionally. Because the
disc-like cutter 14C can make a reciprocating motion,
the cutting time of the stratified part 18 can be short-
ened.
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According to this thin-film coating apparatus, the
cutting device 14 is fixed to the apparatus body 7. Thus,
mempbers supported by the supporting member 12 can
be reduced in weight so that the supporting member 12
can be driven by a driving source 12C of a small driving
capacity.

As shown in Figs. 4 and 5, shock absorbers 22 is
provided on the apparatus body 7 in the vicinity of the
stopped position of the disc-like cutter 14C of the cutting
device 14, or, in other words, in the vicinity of each
widthwise end portion of the stratified part 1B. The
shock absorber 22 is mainly composed of a shock
absorber movable portion 22A and a shock absorber
stationary portion 228. The shock absorber stationary
portion 228 is mounted on the apparatus body 7
through a supporting frame 78 and a nut 7C mounted
by a fixing member, such as a screw or the like. The
shock absorber movable portion 22A contacts a contact
member fixed to the movable member 148 of the cutting
device 14 by a fixing member, such as a screw, bolt or
the like. The contact member 14M as the whole may be
formed of a metal material. Otherwise, all or part of the
contact member 14M may be formed of a shock-absorb-
ing elastic material, such as plastics, rubber or the like,
for the double purpose of absorbing shocks and protect-
ing its contact portion. The shock absorber 22 absorbs
shocks produced when the disc-like cutter 14C of the.
cutting device 14 stops its motion. As a result, vibration
of the cutting device or apparatus body 7 is reduced.
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For example, the shock absorber 22 may be corsti
tuted by a fluid damper of the fluid viscous type; of the
fluid dynamic type, or may be constituted by an electro-
magnetic damper. The fluid used in each of the fluid vis-
cous damper and the fluid dynamic damper can be
selected from gases, such as air, an inert gas or the like,
and liquids, such as water, oil (for example, silicone oil)
and the like.

Although this embodiment has been described with
respect to the case where the shock absorber 22 is pro-
vided on the apparatus body 7, it is to be understood
that the invention is not limited thereto and that the
shock absorber may be provided on the cutting device
14, for example, on the movable member 148, on fixed
rack 14J, on the guide member 14A or on the outside of

the hollow tube 14D.
A switch 14D-SW1 is provided on the left end por-

tion of the hollow tube 14D of the cutting device 14, and
a switch 14D-SW2 is provided on the right end portion
thereof. Each of the switches 14D-SW1 and 14D-SW2
is constituted by a magnetic proximity switch in the
same manner as described above with respect to the
switches -12D-SW1 and 12D-SW2. More particularly,
when a fluid is supplied into the hollow tube 140 from
the right to thereby move the movable member 14E
close to the left end portion of the hollow tube 14D from
right, the switch 14D-SW1 is operated by magnetic
force. On the other hand, when a fluid is supplied into
the hollow tube 14D from the left to thereby move the
movable member 14E close to the right end portion of
the hoilow tube 14D from the left, the switch 14D-SW2
is operated by magnetic force.
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After the forward end of the stratified part 1B is
tacked temporarily by thermocompression-bonding
onto the conductive layer of the insulating substrate 11
by the tack portion 10E of the main vacuum plate 10 as
shown in Figs. 1 and 2, the whole of the stratified part
1B is thermocompression-bonding-laminated by a ther-
mocompression-bonding roller 16. The thermocom-
pression-bonding roller 16 is placed in its standby
position, as shown by a dotted line 16(1) in Fig. 1, while
the forward end of the stratified part 18 is tacked by the
tack portion 10E. During the tacking operation, the ther-
mocompression-bonding roller 16 in its standby position
does not touch the tack portion 10E moving close to the
tacking position. After the tacking operation, the thermo-

compression-bonding roller 16 moves from the standby
position shown by the dot line 16(1) to the tacking posi-
tion 16(2) shown by a solid line. The thermocompres-
sion-bonding roller 16 placed in the tacking position
holds the insulating substrate 11 through the stratified
part 1B.

The thermocompression-bonding roller 16 is
moved between the standby position 16(1) and the tack-
ing position 16(2) by a moving device. The moving
device is mainly constituted by an upper stationary
frame 16A, a lower movable frame 168, gears 16C to
16E, a driving motor 16F, a Y-direction driving source
16C, and X-direction guide member 16H, and an X-
direction driving source 16l

The upper thermocompression-bonding roller 16 as
shown in Figs. 1 and 2 is rotatably supported on the
upper stationary frame 16A. The lower thermocompres-
sion-bonding roller 16 is rotatably supported on the
lower stationary frame 168B.
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Follower gears 16E are fixed on the rotary shafts of
the upper and lower thermocompression-bonding roll-
ers 16. The rotation of the driving gears 16C is transmit-
ted to the gears 16E through intermediate gears 160.
The gear 16C of the upper stationary frame 16A and the
gear 16C of the lower movable frame 16B are engaged
at all times because the distance between the rotary
shafts 16Ca of the gears 16C is kept constant.

The rotary shaft of the motor 18F provided on the
lower movabie frame 168 is connected to the gear 16C
of the lower movable frame 16B. In short, the upper and
lower thermocompression-bonding rollers 16 are driven
by the motor 16F through the gears 16C to 16E.

The lower movable frame 16B rotates in the direc-
tion of the arrow Y around the rotary shaft 16Ca of the
gear 16C so that the lower movable frame 16B can

move toward and away from the conveyance passage of

the insulating substrate 11. That is, the upper thermo-
compression-bonding roller 16 is stationary while the
lower thermocompression-bonding roller 16 moves ‘in
the direction of the arrow Y. Accordingly, the insulating
substrate 11 can be supported between the upper and
lower thermocompression-bonding rollers 16.

The motion of the lower movable frame 16B in the
direction of the arrow Y is effected by the Y-direction
driving source 16G provided on the upper stationary
frame 16A. The Y-direction driving source 16G may be
constituted by an air cylinder in the same manner as the
driving source 12D as described above. The movable
shaft, which is movable in the direction of the arrow Y, is
connected to the lower movable frame 168.
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The upper stationary frame 16A is slidable in the
direction of the arrow X parallel to the conveyance pas-
sage of the substrate through the X-direction guide
member 16H fixed to the apparatus body 7. The sliding
operation of the upper stationary frame 16A in the direc-
tion of the arrow X is effected by the X-direction driving
source 161. For example, the X-direction driving source
16! is constituted by an air cylinder in the same manner

as described above with respect to the Y-direction driv-
ing source 16G and the driving source 120.

The X-direction driving source 161 is provided with
switches 161-SW1 and 161-SW2. Each of the switches
161-SW1 and 161-SW2 is constituted by a magnetic
proximity switch in the same manner as the switches
12D-SW1, 12D-SW2, 14D-SW1 and 14D-SW2. When
the shaft of the X<direction driving source 16! is
extended to its full iength, or, in other words, when the
thermocompression-bonding roller 16 is moved to the
tacking position 16(2) or its vicinity, the switch 161-SW1
is operated. When the shaft of the X-direction driving
source 16! is retracted to its shortest length, or, in other
words, when the thermocompression-bonding roller 16
is moved to the standby position 16(1) or its vicinity
16(4) (as will be described below), the switch 16/-SW2
is operated.

After the forward end of the stratified part 1B is
tacked, the thermocompression-bonding rollers 16
rotate in the direction of the arrows F shown in Fig. 2
while the insulating substrate 11 is supported between
the thermocompression-bonding rollers 16 through the
stratified part 1B. Thus, the stratified part 18 is thermo-
compression-bonding-laminated onto the conductive
layer of the insulating substrate 11, and the insulating
substrate 11 is conveyed. During the thermocompres-
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sion-bonding-laminating process, the main .vacuum
plate 10 and the sub-vacuum plate 13 release the strat-
tied part 1B. That is, the stratified part 1B is automati-
cally fed to the thermocompression-bonding rollers 16
from the feed rolier 2 by the rotational force thereof and
the force supporting the insulating substrate 11.

The rear end portion of the stratified part 1B cut by
the cutting device 14 is thermocompression-bonding-
laminated by the the'rmocompression-bonding rollers 16
while being guided by triangular rotary vacuum plates
15 to thereby prevent the stratified part 18 from crum-
pling. The rotary vacuum plates 15 are supported by the
same shafts of the thermocompression-bonding rollers
16 so as to be rotated around the shafts. A plurality of
suction holes 15A (not shown) are provided in the suc-
tion surface of the respective rotary vacuum plate 15
disposed opposite the stratified part 18. The structure
of the suction surface provided with the suction holes
15A is similar to that of the suction surface in the main
vacuum plate 10. Further, such suction holes may be
provided in the upper surface of the rotary vacuum plate
15 for the purpose of slackening the stratified part 18",
as shown in Fig.2.

As shown in Figs. 1 and 2, the insulating substrate
11 is conveyed to the tacking position of the stratified

~ part 1B in the thin-film coating apparatus by the front-
stage conveyer 17 constituted by lower conveyer rollers
17A and upper conveyer rollers 178. The front-stage
conveyer 17 is provided with a sensor S1 disposed for
detecting the forward end of the substrate in the vicinity
of the substrate conveying passage in front of the tack-
ing position. When the forward end of the insulating
substrate 11 in the direction of conveyance is detected
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by the sensor S1, the sensor S1 generates a detection
signal to start the operation of a preset counter of a
CPU 24, which will be described below. When a prede-
termined time has passed, the preset counter gener-
ates a control signal to stop the forward end of the
insulating substrate 11 in the tacking position. For
example, the sensor S1 may be constituted by a photo-
electric switch.

Further, the front-stage conveyer 17 is provided
with a sensor S2 disposed in the vicinity of the substrate
conveying passage in front of the sensor S1 in a posi-
tion for detecting the backward end of the substrate.
When the backward end of the insulating substrate 11 in
the direction of conveyance is detected by the sensor
S, the sensor S2 generates a detection signal to start
the operation of a preset counter of the CPU 24 in the
same manner as described above concerning the sen-
sor S1. When a predetermined time has passed, the
preset counter generates a control signal to form the
slack 1B’ of the stratified part 1B in the backward end in
the feeding direction, cut the stratified part 1B at the

designated cutting position with the cutting device 14,

and laminate the rearward end of the thus-cut stratified
part 1B onto the insulating substrate 11 by thermocom:-
pression-bonding. At the same time, the preset counter

generates a control signal to move the thermocompres-

sion-bonding roliers 16 from the tacking position 16(2)
to the vicinity 16(4) of the standby position, as will be
described below in more detail. For example, the sensor
S2 may be constituted by a photoelectric switch, simi-
larly to the sensor S1.

The rear-stage conveyer 18 is constituted by lower
conveyer rollers 18A and upper conveyer rollers 188.
The rear-stage conveyer 18 conveys the insulating sub-
strate 11 to the exposure position where a wiring pattern
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is formed after the stratified part 18 has been thermo-
compression-bonding-laminated onto the insulating
substrate 11 by the thermocompression-bonding rollers
16 in the thin-film coating apparatus.

The detection signals from the sensors S1 and S2
for detecting the forward end and backward end,
respectively, of the insulating substrate in the direction
of conveyance are fed to the CPU (microcomputer) 24
via an input circuit 23, as shown in Fig. 7, which is a
block diagram showing a control system. The CPU 24

includes presettable counters, arithmetical circuits, dis-

criminating circuits, memories, and the like.

Similarly, when each of the switches 12D-SWi1,
12D-SW2, 161-SW1, 161-SW2, 14D-SW1 and 14D-SW2
in the driving source 120 X-direction driving source 16l,
and cutting device 14 operates, a corresponding signal
is féd to the CPU 24 via the input circuit 23.

The CPU 24 executes predetermined processing
on the basis of the respective signals. As a result of this
processing, the CPU 24 generates a control signal via
an output circuit 25 to control the respective electro-
magnetic valve 12G (namely, the electromagnetic sole-
noid 12Gi) and the like. As described above, the
electromagnetic valve 12G controls the shaft 12Da of
the driving source 12D as shown in Fig. 3. Similarly,
anaother electromagnetic valve 16Im (not illustrated in
detail) controis the shaft of the X-direction driving
source 16l. A further electromagnetic vaive 16Gm con-
trols the shaft of the Y-direction driving source 16G. A
still further electromagnetic valve 14M controls the mov-
able member 14E which moves within the hollow tube
140.

As shown in Figs. 1 and 2, thin film correctors 19
are provided on the apparatus bedy 7 (or on the
frontstage conveyer 17 or on the supporting member
12) in the vicinity of the thin film feeding passage of the
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tack portions 10E of the main vacuum plates 10. Each
thin film corrector 19 corrects the forward end of the
stratified part 18 in the direction of the arrow G to move
it closer to the tack portion 1QE. The thin film corrector
19 is constituted by a fluid carrying pipe 19A extending
in the direction of width of the stratiied part 18, and a

plurality of fluid spraying holes 198 provided in the fluid |

carrying pipe 19A.
The fluid carrying pipe 19A, which is hollow in its
interior, passes a fluid with a pressure higher than

atmospheric pressure. Although this embediment has

been described with respect to the case where the fluid
carrying pipe 19Ais approximately circular in cress sec-
tion, it is understood that the invention is not limited
thereto and that the pipe 19A may be rectangular or
elliptical. .

 The fluid spraying holes 198 are used to spray a
fluid in a direction to correct the stratified part 18.

Air is preferably used as a fluid used in the thin fim
corrector 19. Alternatively, the fluid used in the thin fiim
corrector 19 may be a gas, such as an inert gas and the
like, or a liquid, such as water, cil and the like.

Further, as shown in ngs. 1 and 2, thin film projec3

tors 20 are provided on the apparatus body 7 (or on the
front-stage conveyer 17 or on the supporting member

' 12) in the vicinity of the stratified part 18 (18 fed

between the lower suction portion 13b of the sub-vac-
uumplate 13 and the rotary vacuum plate 1. Each of the
thin film projectors 20 forms the slackened stratified part
1B’ in a direction closer to the thermocompression-
bonding roller 16 (in the direction of the arrow H). The
thin film projector 20 is constituted by a fluid carrying
pipe 20A extending in the direction of width of the strat-

ified part 1B, and a plurality of fluid spraying holes 208

formed in the fluid carrying pipe 20A.
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The fluid carrying pipe 20A is made hallow so astg———
Pass a fluid with a pressure higher than atmospheric
pressure. Although this embodiment has been
described with respect to the case where the fluid carry-
ing pipe 20A is substantially circular in cross section, it
is to be understood that the invention is not limited
thereto and that the pipe 20A may be rectangular or
elliptical in cross section, similarly to the foregoing fluid
carrying pipe 19A.

The fluid spraying holes 208 are employed to spray
a fluid in a direction to project the slack of the stratified
part 18" as described above. |

Air is preferably used as the fluid in the thin film pro-

jector 20 in the same manner as descrivped above

' regarding the thin film corrector 19. Alternatively, the

fluid used in the thin film projector 20 may be a gas,

such as in inert gas and the like, or a liquid, such as
water, ail and the like.

According to the nr==ser|t mvenuon the thin film cor-
cector 1S or the thin fiim projector 20 may be constituted
by a plurality of fluid spraying nozzies arranged in the
direction of width of the stratified part 18 to correct or
project the stratiied part 18 in the proper direction as
described abeve.

The thin film corrector 19 or the thin film projector
20 may be constituted byd a suction pipe extending in
the direction of width of the stratified part 18, and a plu-
rality of suction holes formed in the suction pipe to apply
suction to the stratified part 18 to correct or project it in
the proper direction, as described above.

" Further according to the present invention, the thin
film corrector 19 or the thin film projector 20 may be
constituted by a convex member arranged to correct or |
project the stratified part 18 in the proper direction as
described above.

Mareover, the thin film corrector 19 may be made to
serve also as the thin film projector 20, or the thin film




-26=

projector 20 may be made to serve as the thin film cor-
rector 19. . |

As shown in Figs. 1 and 2, a substrate guiding
member 21 is provided on the apparatus body 7 (or on
the rear-stage conveyer 18) between the thermocom-.
pression-bonding roller 16 placed in the tacking position
16(2) and the conveyer roller 18A of the rear-stage con-
veyer 18. The substrate guiding member 21 guides the
insulating substrate 11 having the stratified part 1B ther-
mocompression-bonding-laminated thereto from the
thermocompression-bonding-laminating position (tack-
ing position) to the position of the conveyer rollers 18A
and 18B. For example, the substrate guiding member
21 may have a plurality of bar-like portions, each
extending in the conveyance direction of the insulating
substrate 11. The bar-like portions are arranged in the
form of a comb in the direction of conveyance of the
width of the substrate 11. The comb-shaped substrate
guiding member 21 has a sufficiently small contact area
with the insulating substrate 11 that frictional resistance
can be reduced during the conveyance of the insulating
substrate 11. Accordingly, the substrate guiding mem-
ber 21 can guide the insulating substrate 11 smoothly.

According to the present invention, the substrate
guiding member 21 may be shaped like a net or a plate.

A method of thermocompression-bonding-laminat-
ing the stratified part 18 employing the aforedescribed
thin film coating apparatus will now be described with
reference to Figs. 1 through 7 and Figs. 8 through 16 the
latter being partly enlarged views showing various work
steps.

At first, as shown in Figs. 1 and 2, the feeding-direc-
tion forward end of the stratified part 1B separated by
the thin film separating roller 3 is manually brought
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between the sub-vacuum plate 13 and the cutting
device 14.

Next, the forward end of the stratified part 18 is held
by suction by the sub-vacuum plate 13. After holding the
stratified part 1B, the sub-vacuum plate 13 is moved
away from the feeding passage of the stratified part 18
by the driving source 13A so that the forward end of the
stratified part 18 is held by suction by the tack portion
10E. At this time, not only is suction applied by the main
vacuum plate 10 and the tack portion 10E, but also the
stratified part 18 is corrected by the thin tilm corrector
' 19. Accordingly, the forward end of the stratified part 18
is securely held by the tack portion 10E. While the con-
tinuous operation is being carried out, the forward end
of the stratified part 1B cut by the cutting device 14 is
suction-held by the tack portion 10E.

Next, the insulating substrate 11 is conveyed by the
conveyer rollers 17A and 178 of the front-stage con-
veyer 17.

Subsequently, as shown in Fig. 8, when the convey-
ance-direction forward end of the insulating substrate
11 passes through the position where the forward end
of the substrate 11 is detected, the sensor S1 is oper-
ated. The detection signal of the sensor S1 is fed to the
CPU 24 via the input circuit 23 shown in Fig. 7 to
thereby actuate a preset counter. This counter counts a
predetermined time, after which the conveyance-direc-
tion forward end of the insulating substrate 11 is
stopped at the tacking position. . '

Further, the detection signal of the sensor S1 actu-
ates another preset counter of the CPU 24. The other
preset counter counts a time to start moving the tack
portion 10E close to the conveyance passage while the
conveyance-direction forward end of the insulating sub-
strate 11 is being conveyed from the substrate-forward-
end detection position to the tacking position.
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In the condition shown in Fig. 8, the tack portrorr-——*
10E (the main vacuum plate 10) is located in the tacking
operation start position ST, whereas the thermocom-
pression-bonding rofler 16 is located in the standby
position 16(1). The tacking operation start position ST is
a position where the switch 12D-SW2 of the driving
source 12D for moving the main vacuum plate 10 is
operated and the upper and lower supporting members
12 are stopped at the nearest position to the convey-
ance passage of the substrate.

Next, as shown in Fig. 9, while the conveyance-
direction forward end of the insulating substrate 11 is
being conveyed from the substrate-forward-end detec-
tion position to the tacking position, the movement of the
tack portion 10E close to the conveyance passage is
started. Mare particularly, the motion of the tack portion
10E is started by controlling the electromagnetic valve
12G by the CPU 24 through the output circuit 25 on the
basis of the output signal of the other preset counter to
thereby control the driving source 12D.

Next, when the conveyance-direction forward end
of the insulating substrate 11 reaches the tacking posi-
tion, the conveyance of the insulating substrate 11 is
stopped in response to the output signal from the first
preset counter. Upon or soon after the stopping of the
insulating substrate 11, the tack portion 10E moves
close to the conveyance passage so as to come into
contact with the conveyance-direction forward end of
the conductive layer of the insulating substrate 11,
whereby the forward end of the stratified part 18 held by
the tack portion 10E is temporarily thermocompression-
bonded as shown in Fig. 10. |

In the aforedescribed method of adhering the strat-
ified part 1B, a detection signal is generated upon the
detection of the conveyance-direction forward end of the
substrate at a designated detection position before

J
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being conveyed to the tacking position to thereby stop
the conveyance-direction forward end of the substrate
after it has been conveyed from the detection position to
the tacking position, and the tack members are moved
close to the conveyance passage of the substrate while
the conveyance-direction forward end of the substrate is
being conveyed from the detection position to the tack-
ing position to thereby tack the feeding-direction forward
end of the thin film onto the surface of the substrate with
the tack members after the conveyance-direction for-
ward end of the substrate has stopped at the tacking
position. Accordingly, the time required for moving the
tack members 10E close to the conveyance passage
can be partly included in the time required for conveying
the conveyance-direction forward end of the substrate
11 from the substrate-forward-end detection position to
the tacking position, and thus the time required for mov-
ing the tack members 10E close to the conveyance pas-
sage (the time from the stcp of the conveyance-
direction forward end of the insulating substrate 11 to
the termination of the tacking operation) can be short-
ened to thereby shorten the time required for adhering
the stratified part 1B.

Consequently, the per unit processing time can be
reduced to thereby improve the productivity of the film
coating process.

When the tack portion 10E touches the convey-
ance-direction forward end of the conductive layer of the
insulating substrate 11, the switch 12D-SW1 of the driv-
ing source 12D is actuated. The output signal of the
switch 12D-SW1 is fed to the CPU 24. After continuing
the tacking operation for a predetermined time, the CPU

24 stops the suction operation of the main vacuum plate -

10 and the tack portion 10E to thereby move the main
vacuum plate 10 and the tack portion 10E away from the
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conveyance passage by the driving sources 12C—and——
12D. More particularly, the main vacuum plate 10, the’

tack portion 10E and the sub-vacuum plate 13 are

moved to a refatively far-removed position compared

with the position shown in Figs. 1 and 2. The distance

moved is proportional to the amount of slack in the strat-

ified part 18°.

Next, as shown in Fig. 11, the thermocompression-
bonding roller 16 is moved from the standby position
16(1) (dotted line) to the tacking position 16(2) (solid
line) so as to come into contact with the stratified part

1B to which the feeding-direction forward end has been
tacked.

Then, as shown in Fig. 12, the stratffied part 1B is
thermocompression-bonding-laminated onto the con-
ductive layer of the insulating substrate 11 by rotating
the thermocompression-bonding rollers 16 with the
insulating substrate 11 sandwiched between the ther-
mocompression-bonding rollers 16. At this time, the
suction operation by the main vacuum plate 10, the tack
portion 10€ and the sub-vacuum plate 13 is stopped.
Accordingly, the stratified part 1B is automatically fed
from the feed rollers 2 to the thermocompression-bond-
ing rollers 16 by the rotational force thereof and the
force supporting the insulating substrate 11.

After a predetermined quantity of stratified part 18
is thermocompression-bonding-laminated, the convey-
ance-direction rearward end of the insulating substrate
11 is detected by the sensor S2 at the substrate-rear-
ward-end detection position as shown in Fig. 1. The
detection signal of the sensor S2 is fed to the CPU 24,
which in response starts simultaneously the respective
suction operations of the main vacuum plate 10, the
sub-vacuum piate 13 and the rotary vacuum plate 15
(not shown in Fig. 7). The supporting member 12 is
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moved from the farthest position from the substrate con-
veyance passage by the driving source 12C and the
stratified part 1B is fed toward the insulating substrate
11. At the same time, as shown in Fig. 2, the lower suc-
tion portion 13B of the sub-vacuum plate 13 is operated
s0 that the feeding-direction rearward end (cutting posi-
“tion) of the stratified part 1B coincides with the cutting
position of the cutting device 14. The feeding speed of
the stratified part 18 (the speed of the supporting mem-
ber 12) is estabiished to be more than the thermocom-
pression-bonding-laminating speed of the
thermocompression-bonding roller 16, that is, the
peripheral speed of the thermocompression-bonding
rolier 16.

In this condition, the stratified part 18 is slackened
between the sub-vacuum plate 10 and the rotary vac-
uum plate 15 to form a slackened stratified part 18". The
feeding-direction opposite ends of the slackened strati-
fied part 18’ can be securely held respectively by the
lower suction portion 13b of the sub-vacuum plate 13
and the rotary vacuum plate 15 through correction by
the thin film corrector 20.

Next, as shown in Fig. 13, the feeding-direction
rearward end of the stratified part 1B which coincides
with the cutting position of the cutting device 14 is cut
into a predetermined length corresponding to the size of
the insulating substrate 11 by the cutting device 14. As
described above, the cutting device 14 can cut the strat-
ified part 1 by moving the disc-like cutter 14C in the
direction crossing the feeding direction of the stratified
part 1.

When the feeding-direction rearward end of the
stratified part 18 is cut by the cutting device 14, one of
‘the switches 14D-SW1 and 14D-SW2 is operated by the
member 14E which moves within the hollow tube 14D.
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The output signal of the switch 14D-SW1 or 14D-SW2is
fed to the CPU 24, whereupon the electromagnetic
valve 16Im is controlled by the CPU 24 to thereby con-
trol the X-direction driving source 16l. As shown in Fig.
16, the X-direction driving source 16| moves the ther-
mocompression-bonding roller 16 in the direction of the
arrow X, that is, in the substrate conveyance direction
(Fig. 14 shows the condition in which the thermocom-
pression-bonding roller has been moved to the position
16(3)) while the feeding-direction rearward end of the -
stratified part 1B is being laminated by thermocompres-
sion-bonding.

Next, as shown in Fig. 15, the feeding-direction
rearward end of the stratified part 18 is moved onto the
conductive layer of the insulating substrate 11 by the
ratary vacuum plate 15 until the stratified part 1B is ther-
mocompression-bonding-laminated to the substrate 11,
while the thermocompression-bonding roller 16 is being .
moved to convey the insulating substrate 11. The ther- !
mocompression-bonding rolier 16 can be moved close
to the standby position 16(1) (more particularly, to the -
position 16(4) as shown in Fig. 15) nearest to the
standby positian in the X-direction. The rotational speed
of the rotary vacuum plate 15 is slightly lower than the
rotational speed of the thermocompression-bonding
roller 16 so that the rearward end of the stratified part
18 can be thermocompression-bonding-laminated onto
the conductive layer of the insulating substrate 11. That
is, when the rotary vacuum plate 15 rotates at a speed
slightly lower than that of the thermocompression-bond-
ing raller 16, a proper amount of tension can be applied
to the stratified part 18 between the rotary vacuum plate
15 and the thermocompression-bonding roller 16.
Accordingly, the stratified part 1B can be securely ther-
mocompression-bonding-laminated without crumpling.
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Next, after the thermocompression-bonding lami-
nation is finished, the thermocompression-bonding
roller 16 is moved from the vicinity 16(4) of the standby
paosition to the standby position 16(1) in the direction of
the arrow Y so as to be out of the substrate conveyance
passage, as shown in Fig. 16. When the switch 16l-
SW2 of the X-direction driving source 16! is actuated,
the CPU 24 controis the electromagnetic valve 16Gm
after the passage of a predetermined time so that the
valve 16Gm controls the Y-direction driving source 16G
to cause the thermocompression-bonding roller 16 to
move in the direction of the arrow Y. "

Fig. 21 is a timing chart of the operation of the ther-
mocompression-bonding roller 16 according to the
invention in comparison with the conventional thermo-
compression-bonding roller. As shown in Fig. 21, in the
prior art, the thermocompression-bonding roller is
moved in the Y-direction after thermocompression-
bonding tamination, and then it is moved in the X-direc-
tion. According to the present invention, however, the
thermocompression-bonding roiler 16 is moved to the
vicinity 16(4) of the standby position in the X-direction
during thermocompression-bonding lamination, and

then it is moved to the standby position 16(1) in the Y-

direction.

In the aforediscussed method of adhering the strat-
ified part 1B, the thermocompression-bonding rollers 16
are moved from the tacking position 16(2) to the vicinity
16(4) of the standby position while the tacked stratified
part 1B is being thermocompression-bonding-laminated
onto the conductive layer of the insulating substrate 11.
Accordingly, the time required for moving the thermo-
compression-bonding rollers 16 from the tacking posi-
tion 16(2) to the standby position 16(1) can be partly
included in the time required for adhering the stratitied
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part 1B onto the insulating substrate 11 so that the time
of movement of the thermocompression-bonding roilers
16 after the stratified part 18 is adhered to the substrate
can be shortened to thereby shorten the total time
required for applying the stratified part 18.

_Furthermore, according to the present invention,
not only is the time required for moving the tack mem-
bers 10E close to the conveyance passage shortened,
but also the time taken for movement of the thermocom-
pression-bonding roliers 16 shortened to thereby
shorten the total time required for applying the stratified
part 1B more remarkably. '

Consequently, the production rate attained with the
invention is significantly improved.

The insulating substrate 11 having the stratified
part 1B thermocompression-bonding-laminated thereon
can be smoothly conveyed by the conveyer rollers 18A
and 188 of the rear-stage conveyer 18 through the sub-
strate guiding member 21. The insulating substrate 11
is conveyed to the exposure device by the rear-stage
conveyer 18.

The invention is applicable to the case where such
thermocompression-bonding lamination is continuously
carried out, as illustrated in Figs. 17 through 20 (partly
enlarged views showing various work steps).

Similarly to the step 12 of the foregoing thermocom-
pression-bonding-laminating - method, the stratified part
18 tacked at the feeding-direction forward end is ther-
mocompression-bonding-laminated at the tacking posi-
tion 16(1) by the thermocompression-bonding roller 186,
as shown in Fig. 17.

Next, the conveyance-direction rearward end of the
insulating substrate 11 is detected by the sensor S2 (not
shown in detail), and then the stratified part 18 is cut by
the cutting device 14. As described above, after cutting,
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the operation of moving the thermocompression-boiﬁd
ing roller 16 from the tacking position 16(2) to thevicin-
ity 16(4) of the standby position is started while the
stratified part 1B is being thermocompression-bonding-
laminated. As shown in Fig. 18, during this operation,
the feeding-direction forward end of the stratified part
1B is suction-heid by the tack portion 10& in preparation
for the succeeding step. The insulating substrate 11’ is
successively conveyed so as to be thermocompression-
bonding-laminated in the succeeding step.
Subsequently, as shown in Fig. 19, when the con-
veyance-direction forward end of the insulating sub-

strate 11" to be laminated in the succeeding step is
detected by the sensor S1, the cperation of moving the
tack portion 10E close to the conveyance passage
starts. At this time, the insulating substrate 11, which is
subjected to thermocompression-bonding lamination in
the preceding step, is conveyed while the feeding-direc-
tion rearward end thereof is being thermocompression-
bonding-laminated. At the same time, the thermocom-
pression-bonding roller 16 is moved from the tacking
position 16(2) toward the vicinity 16(4) of the standby
position and located in the position 16(3). Thus, the
thermocompression-bonding roller 16 never touches
the tack portion 10E.

As shown in Fig. 20, when the thermocompression-
bonding rolier 16 is moved to the vicinity 16(4) of the

standby position and thermocompression-bonding lam-
ination is terminated (just after or before termination), ,
the tacking operation in the succeeding step is com-

pleted. Accordingly, the thermocompression-bonding
lamination (tacking operation) in the succeeding step
can be carried out during the thermocompression-bond-
ing lamination in the preceding step.
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In the aforedescribed method of sticking the stratie . . .___
fied part 18, the thermocompression-bonding lamina-
tion in the succeeding step is carried out while the
thermocompression-bonding lamination in the preced-
ing step is being performed. Accordingly, the time
required for thermocompression-banding lamination in
the succeeding step can be partly included in the time
required for thermocompression-bonding lamination in
the preceding step to thereby shorten the time required
untii the start of thermocompression-bonding lamination
in the succeeding step, and thus the total time required
for applying the stratified part 1B can be shortened.

While the present invention has been described
with reference to preferred embodiments thereof, it is a
matter of course that the present invention is not limited
ta these embodiments and that various changes and
modifications may be made without departing from the
scope of the invention as laid out in the appended claim.

As one modification, the cutting device 14 may be
arranged to move in the same direction as the feeding
direction of the stratified part 18 so that the stratified
part 18 can be cut while the cutting device 14 is being
moved.

As ancther modification, the sub-vacuum plate 13~
may be separated into two parts, that is, one serving for
suction-holding the feeding-direction forward end of the
stratified part 1B to the tacking portion 10E and the
other serving as a hoider of the cutting device 14. Thus,
the two parts may be controlled independently.

Further, the invention is applicable to a thin film
coating apparatus in which the stratified part 18 is ther-
mocompression-bonding-laminated onto the insulating
substrate 11 by other, non-thermal compression-bond-
ing rollers after the insulating substrate 11 is preliminar-
ily heated.
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In addition, the present invention is appﬁcable tog—
thin film coating apparatus in which a protective fiim is
stuck onto a decorative board used as a building mate-

rial.
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Claims

A method of coating a substrate (11) with a thin film
(1B) comprising steps of bringing tack members
(10E) close to a surface of said substrate (11) atits
forward end in a conveyance direction thereof to
thereby temporarily tack a forward end portion of
‘said thin film (18) in a feeding direction thereof to
said forward end surface of said substrate (11),
moving compression-bonding rollers (16) into a
tacking position where said forward end portion of
said thin film (1B) is tacked from a standby position
(16(1)) where said compression-bonding rollers
(16) do not touch respective ones of said tack mem-
. bers (10E) to thereby make said compression-
bonding contact with said forward end portion of
said tacked thin film (1B) after said tack members
(10E) are moved away from the surface of said sub-
strate (11), and rotating said compression-bonding
rollers (16) at said tacking position for the double
purpose of conveying said substrate (11) and
adhering said thin film (1B) to said substrate (11),
characterized by moving said compression-bonding
rollers (16) near said standby position (16(1)) from
said tacking position (16(2)) while said tacked thin
film (1B) is being adhered onto said surface of said
substrate (11).
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THIN FILM COATING METHOD

In a mathod of coating a substrate with a thin film, the
forward end of the substrate is detected to produce a detection
gignal at a detection position before the substrate is conveyed
to a tacking position, and tack members are brought close to a
conveyance passage of the substrate while the forward end of
the substrate is being conveyed from the detection position to

the. tacking positien to thereby tack the forward end of the

thin £ilm onto the surface of the substrate after the forward -

end of the substrate has stopped at the tacking position.

Selected Drawing: Figure 1,



