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Abstract:

ABSTRACT LAMINATING APPARATUS A Ilaminating
apparatus is provided which causes a resin film to completely
conform to protruding and recessed portions of a substrate,
and which makes the film thickness of the conforming resin
film uniform on a stricter level. To this end, as shown in FIG.
19, the laminating apparatus includes a laminating mechanism
(El) including: an enclosed space forming means capable
of receiving a provisionally laminated body (PL1) therein;
and a pressure laminating means (P1) for applying pressure
to the provisionally laminated body (PL1) in non-contacting
relationship in an enclosed space formed by the enclosed
space forming means to form an end laminated body from the
provisionally laminated body (PL1). Figure 19
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ABSTRACT
LAMINATING APPARATUS

A laminating apparatus is provided which causes a
resin film to completely conform to protruding and
recessed portions of a substrate, and which makes the
film thickness of the conforming resin film uniform on
a stricter level. To this end, as shown in FIG. 19,
the laminating apparatus includes a laminating
mechanism (El1) including: an enclosed space forming
means capable of receiving a provisionally laminated
body {(PL%} therein; and a pressure laminating means
(P1l} for applying pressure to the provisicnally
laminated body (PL1l) in non-contacting relationship in
an enclosed space formed by the enclosed space forming
means to form an end laminated body from the

provisionally laminated body (PL1).

Figure 18
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DESCRIPTION

LAMINATING APPARATUS

TECHNICAL FIELD

The present application relates to a laminating
apparatus for laminatingaresinfilmtoasubstratehaving
protruding and recessed portions in the manufacture of
an electronic circuit board and a semiconductor device.
More particularly, the present application relates to
a laminating apparatus which achieves a high degree of
film thickness uniformity of a resin film laminated to
a substrate and which suppresses the creation of

microvoids between the substrate and the resin film.

BACKGROUND ART

In recent years, with the decreasing size and
increasing performance of electronic devices, the
increases in density and in the number of layers of
electronic circuit boards for use in the electronic
devices have taken place. For the increase in the number
of layers of such electronic circuit boards, there is
a requirement for smoothness of the surface of a laminated

body obtained by laminating a resin film to a substrate
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having protruding and recessed portions. An example of
a laminating apparatus which meets such a requirement
is disclosed in Patent Literature 1. 1In this apparatus,
a resin film made of a thermosetting resin composition
or a photosensitive resin composition and a substrate
are accommodated in one out of two enclosed spaces divided
by a flexible sheet made of an expansive material. After
the pressure in both of the aforementioned two divided
enclosed spaces is reduced, the pressure inonly the other
enclosed space in which the resin film and the substrate
are not accommodated is brought back to normal pressure
or further increased to expand the flexible sheet made
of the expansive material toward the pressure-reduced
enclosed space (the enclosed space in which the resin
film and the substrate are accommodated). The expanded
flexible sheet applies pressure equally to the resin film
and the substrate. Thus, the apparatus laminates the
resin filmand the substrate together. Accordingto this
apparatus, the aforementioned flexible sheet is expanded
like a balloon by a difference in air pressure between
the two enclosed spaces divided by the aforementioned
flexible sheet made of the expansive material, so that
part of the flexible sheet which contacts the substrate
is deformed along the protruding and recessed portions

of the substrate. In that state, pressure is applied
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to the resin film and the substrate. Thus, even when
the substrate has protruding and recessed portions, this
apparatus is capable of bringing the resin film into
intimate contact with the protruding and recessed

portions of the substrate.

CITATION LIST
PATENT LITERATURE

PTL 1: JP-A- 2004-249639

SUMMARY OF INVENTION
However, the aforementioned apparatus is an

apparatus which gives a higher priority to the fact that
the spacings between the protruding and recessed portions
of the substrate are so small that it is difficult to
completely bring the resin film into intimate contact
with the protrudingandrecessedportions of the substrate
or the fact that no microvoids are created between the
substrate and the resin film when the substrate has large
protruding and recessed portions. This apparatus has
the function of forming the surface of the resin film
laminated onto the substrate into a flat surface by using
a flat pressing plate in a subsequent step. For this
reason, the uniformity of the film thickness of the

laminated resin film is not taken so much into
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consideration. For example, the aforementioned
apparatus presses the expanded flexible sheet against
the resin film to bring the flexible sheet into intimate
contact with the protruding and recessed portions of the
substrate, thereby laminating the resin film to the
substrate. Thus, when the spacings between the
protruding and recessed portions of the substrate are
small or when the protruding and recessed portions of
the substrate are large, the flexible sheet conforming
to the protruding and recessed portions of a
to-be-laminatedbodyisdifficult toexpand. Thiscauses
the resin film placed on the substrate to have portions
highly pressurized by the aforementioned flexible sheet
and other portions. As a result, portions of the resin
film which are placed near the tops of the protruding
portions of the substrate are more highly pressurized
by the aforementioned flexible sheet than other portions
thereof to become longer and thinner. Thus, there is
shown a trend such that the resin film cannot be laminated
to the substrate while the film thickness of the resin
film is held uniform on a stricter level.

In view of the foregoing, the present application
provides a laminating apparatus which is capable of
causing a resin film to completely fit protruding and

recessed portions of a substrate, thereby laminating the
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resinfilmtothe substrate, evenwhenthe spacings between
the protruding and recessed portions of the substrate
are small or when the protruding and recessed portions
of the substrate are large, and which is capable of making
the film thickness of the laminated resin film uniform
on a stricter level.

To accomplish the aforementioned, the present
application discloses a laminating apparatus for a
provisionally laminated body (PL1) including a substrate
having front and back surfaces at least one of which
has protruding and recessed portions, and one of a first
resin film and a second resin film attached to an uneven
surface of the substrate, the second resin film
including a support £film, the laminating apparatus being
configured to form an end laminated body including one
of the first resin film and the second resin film
conforming to the protruding and recessed portions of
the substrate. The laminating apparatus may include a
laminating mechanism (E1) including: an enclosed space
forming means capable of receiving the provisionally
laminated body (PL1) therein; and a pressure laminating
means (Pl) for applying pressure to the provisionally
laminated body (PL1) in non-contacting relationship with
one of the first resin film and the second resin film

in an enclosed space formed by the enclosed space forming
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means to laminate one of the first resin film and the
second resin film to the substrate, thereby forming the
end laminated body from the provisionally laminated body
(PL1) .

The present inventors have made studies to address
challenges of making the film thickness of the resin film
laminated to the substrate havingprotruding and recessed
portions uniform on a stricter level and of laminating
the resin film to the substrate without the creation of
microvoids between the substrate and the resin film even
when the substrate has large protruding and recessed
portions. In the course of the studies, the present
inventors have found that the nonuniform film thickness
of the resin film laminated on the substrate having the
protruding and recessed portions results from the
following facts. Duringthe laminationof theresinfilm
to the substrate, the expanded flexible sheet cannot come
into intimate contact with the protruding and recessed
portions of the substrate when the substrate has the large
protruding and recessed portions as mentioned above.
This causes the resin film placed on the substrate to
have portions forced hard against (in contact with) the
substrate and other portions, resulting in the
nonuniformityinthe filmthickness of the laminatedresin

film. Then, the present inventors have made further
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studies of whether or not the resin film can be laminated
to the substrate by applying pressure to the resin film
without using the flexible sheet in what is called
non-contacting relationship, rather than by expanding
the flexible sheet to press the flexible sheet against
the resin film. As a result, the present inventors have
found the following process. Prior to the lamination
of the resin film to the substrate by applying pressure
to the resin film, a provisionally laminated body such
that the resin film is merely overlaid on the substrate
isplacedinanenclosedspace. Airorthelikeisinjected
into the enclosed space to force the resin film against
the substrate by using the pressure of the air or the
like. This causes the resin film to fit the protruding
and recessed portions of the substrate, thereby providing
a laminated body (an end laminated body).

According to a non-limiting embodiment of the
present application, the laminatingapparatusmay include
a laminating mechanism (E1l) including: an enclosed space
forming means for receiving a provisionally laminated
body (PL1) having a resin film overlaid on and attached
to a substrate; and a pressure laminating means for
applying pressure to the resin film of the provisionally
laminated body (PL1l) in non-contacting relationship to

cause the resin film to fit protruding and recessed
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portions of the substrate, thereby forming an end
laminated body. Thus, the apparatus eliminates the need
to cause the resin filmto fit the protruding and recessed
portions of the substrate by using the expanding force
of a flexible sheet to produce a laminated body (the end
laminated body), and is capable of forming the end
laminated body by applying pressure to the resin film
in non-contacting relationship. The achievement of the
application of pressure to the resin film in
non—-contactingrelationshipallows the lamination of the
resin film without the support film to the substrate,
therebyallowingtheresinfilmtoexhibit the flexibility
thereof. Thus, if the degree of protruding and recessed
portionsof the substrateisrelatively large, a laminated
body (the end laminated body) such that the resin film
and the substrate are in intimate contact with each other
at a higher level is provided without the creation of
microvoids between the resin film and the substrate.
Also, the pressure of gas is used by using air pressure
and the like to laminate the resin film to the substrate.
This causes the filmthickness of theresinfilm laminated
to the substrate having the protruding and recessed
portions to be a uniform thickness on a stricter level.
In themanufacture of products hardened by at least

one of heat and light after the lamination of the resin
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film and the substrate with light-emitting elements such
as optical semiconductor elements mounted thereon, a dry
film solder mask requires the protection of the support
film for the purpose of preventing the resin layer from
directly contacting an optical mask and the like in a
subsequent step and also requires the process of removing
the support film after the lamination. Unlike such a
dry film solder mask, the laminating apparatus is capable
of placing the resin film from which the support film
is previously removed on the substrate to apply pressure
directly to the resin film. Also, the laminating
apparatus iscapableof significantlyreducingvariations
in the film thickness of the laminated resin film. Thus,
the laminating apparatus laminates the resin film to the
substrate with light-emitting elements such as optical
semiconductor elements mounted thereon to provide
excellent optical semiconductor devices reduced in
optical color irregularities.

According to another non-limiting embodiment of
the present application, when the laminating mechanism
(E1) further includes a depressurizingmeans for forming
a provisionally laminated body (PL2) from the
provisionally laminated body (PL1) in the enclosed space,
the provisionally laminated body (PL2) having a space

placed under a negative pressure between the substrate
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and one of the first resin film and the second resin film,
and a heating means for heating the provisionally
laminated body (PL1) in the enclosed space to seal a
peripheral portion of the resin film and the substrate
to each other, the air pressure in the enclosed space
of the laminating mechanism (E1l) is made higher than the
air pressure in the negative-pressure space of the
provisionally laminated body (PL2), whereby pressure is
applied to the resin film by the pressurizing force
resulting from the difference in air pressure in
non—-contacting relationship. Thus, the resin layer of
the resin film is not attached to a pressurizing means
even when the resin film layer is laminated to the
substrate by applying pressure to the resin film layer
while the support film required to cover the surface of
the resin film for the purpose of protecting the resin
layer having adhesion and adhesiveness of the resin film
is removed. The flexibility of the resin film itself
isnot hindered by the support £film, but the conformability
of the resin film to the substrate is improved. For this
reason, the substrate and theresin filmare in completely
intimate contact with each other. This is preferable
because no partial microvoids are created between the
resin film and the substrate.

According to yet another non-limiting embodiment
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of the present application, when the laminatingmechanism
(E1) includes a heating means for heating the
provisionally laminated body (PL2) and the end laminated
body to cause the resin film to firmly conform to the
substrate during the formation of the end laminated body
from the provisionally laminated body (PL2) in the
enclosed space, the conformability of the resin film to
the substrate in the provisionally laminated body (PL2)
is improved. This forms the end laminated body having
a higher degree of intimate contact between the resin
film and the substrate.

According to sill another non-limiting embodiment
of the present application, when the laminating apparatus
for the provisionally laminated body (PL1) includes the
laminating mechanism (El), and a laminating mechanism
(E2) including: an enclosed space forming means capable
of receiving the provisionally laminated body (PL1)
therein; a depressurizing means capable of placing a
space between one of the first resin film and the second
resin film and the substrate of the provisionally
laminated body (PL1l) under a negative pressure in the
enclosed space formed by theenclosed space formingmeans;
a heating means capable of heating one of the first resin
film and the second resin film of the provisionally

laminated body (PL1l); and a pressure laminating means
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(P2) for laminating one of the first resin film and the
second resin film of the provisionally laminated body
(PL1) to protruding portions of the substrate to form
a provisionally laminated body (PL1) including the
substrate integrated with one of the first resin film
and the second resin film, the resin film is supported
by the support film, so that the resin film and the
substrate are brought close to each other and integrated
together while theresin filmlayer not distorted in shape
but maintained planar is in opposed relation to the
substrate. This provides the provisionally laminated
body (PL1l) in which the resin film free from wrinkles
is overlaid on the substrate. Therefore, the end
laminated body is provided in which the thickness of the
resin film is more uniform and in which no microvoids
are created between the resin film and the substrate.
According to a non-limiting embodiment of the
present application, when the laminating apparatus for
the provisionally laminated body (PL1) includes the
laminating mechanism (El1), and a laminating mechanism
(E3) including: an enclosed space forming means capable
of receiving the provisionally laminated body (PL1)
therein; a depressurizing means capable of placing a
space between the resin film and the substrate of the

provisionally laminated body (PL1l) under a negative
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pressure in the enclosed space formed by the enclosed
space forming means; a heating means capable of heating
the resin film of the provisionally laminated body (PL1) ;
and a pressure laminating means (P3) for laminating a
peripheral portion of the resin filmof the provisionally
laminated body (PL1) to the substrate to form the
provisionally laminated body (PL2), the provisionally
laminated body (PL2) is formed rapidly, and the space
between the substrate and the resin film is sealed
efficiently with reliability.

According to another non-limiting embodiment of
the present application, when the pressure laminating
means (P1l) further includes a control means for
controlling applied pressure, the formation of the end
laminated body from the provisionally laminated body
(PL2) is done at a controlled and moderate speed, as
compared with the process of injecting air at atmospheric
pressure or at increased set pressure into the enclosed
space of the depressurized laminating mechanism (E1) in
a single step. This further improves the uniformity of
the film thickness of the laminated resin film layer.

According to yet another non-limiting embodiment
of the present application, when the laminating apparatus
further includes: a transporting mechanism (T1l) for

transporting the provisionally laminated body (PL1) to
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the laminating mechanism (E2) or (E3); a transporting
mechanism (T2) for transporting to the laminating
mechanism (E1) the provisionally laminated body (PL1)
or the provisionally laminated body (PL2) formed by the
laminating mechanism (E2) or (E3) and configured such
that theresinfilmislaminatedtotheprotrudingportions
of the substrate and integrated with the substrate; and
a transporting mechanism (T3) for transporting the end
laminated body formed by the laminating mechanism (E1)
out of the laminatingmechanism (E1), the steps of forming
the provisionally laminated body (PL1), forming the
provisionally laminated body (PL1) or the provisionally
laminated body (PL2) in which the resin film and the
substrate are integrated together, and forming the end
laminated body may be performed in a dispersed manner.
This improves the efficiency of the process of forming
the end laminated body, and allows the setting of optimum
conditions for the formation on a step-by-step basis.

According to still another non-limiting
embodiment of the present application, when the
laminating apparatus further includes a support film
removing means for removing the support film from the
second resin film, the support film may be removed from
the resin film in the laminating step. Thus, the

laminating apparatus is capable of closely laminating
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the resin film to the substrate more easily and
conveniently, depending on the degree of protruding and
recessed portions of the substrate and the type of resin
film.

According to a non-limiting embodiment of the
present application, when the support filmremoving means
includes a control means for operating the support film
removing means so as to remove the support film from one
of the second resin film of the provisionally laminated
body and the second resin film prior to the formation
of the provisionally laminated body, the support film
is removed more easily and beautifully, which in turn
is preferable.

According to another non-limiting embodiment of
the present application, when the laminating apparatus
further inclues: a cutting means for cutting one of the
first resin film and the second resin film to a
predetermined size; and a precuring means for precuring
one of the first resin film and the second resin film,
the precuring means is capable of controlling the
concentration of a solvent remaining on the resin film
and the degree of thermal hardening, depending on the
size of the protruding and recessed portions of the
substrate and the 1ike. Precuring one of the first resin

film and the second resin film suppresses the excessive
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flowing of the resin film placed on the substrate which
in turn results in the reduction in the film thickness
of the resin film laminated to the upper surface of the
protruding portions of the substrate and to the peripheral
portion of the substrate. The precuring also increases
the strength of the resin film so as not to become
excessively longer whentheresinfilmfits theprotruding
and recessed portions of the substrate, thereby improving
the uniformity of the film thickness of the resin film
laminated to the substrate. Also, by measuring the
degree of softening of the resin film which is one of
thefirst resinfilmand the secondresinfilm, the heating
conditions may be set in the pressure laminating means
corresponding to a subsequent step, based on the
measurement data. This provides the end laminated body
in a desired state with higher reliability. Further,
before or after the precure, the cutting means cuts one
of the first resin film and the second resin film which
is of an elongated strip-shaped configuration wound on
a core to a predetermined size for use in the lamination
to the provisionally laminated body. This achieves the
full automation of all of the steps of forming the end
laminated body from one of the first resin film and the
second resin film wound on a roll.

The term "provisionally laminated body" as used
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in the present application may refer to a laminated body
in such a condition that the resin surface of a resin
film and the like (referred to hereinafter as "a resin
film or a resin film with a support film") neither
intimately contacts nor conforms to the uneven surface
of a substrate having protruding and recessed portions.
In particular, the provisionally laminated body in such
a condition that the resin film and the 1like are overlaid
on the substrate while the resin surface of the resin
film and the like is opposed to the uneven surface of
the substrate having protruding and recessed portions
may refer to as a "provisionally laminated body PL1",
and the provisionally laminated body in such a condition
that the space between the uneven surface of the substrate
and the resin film and the like is sealed by the contact
between the substrate and the peripheral portion of the
resin film and the like of the provisionally laminated
body PL1 to form a depressurized enclosed space may be
referred to as a "provisionally laminated body PL2".
As used in the present application, the expression
"applying pressure to one of a resin film and a resin
film with a support film in 'non-contacting
relationship'" refers to "applying pressure to one of
the resin film and the resin film with the support film

in '"non-contacting relationship with a tangible object



10

15

20

25

18

such as a flexible sheet.'"”
Asusedinthepresent application, aprovisionally
laminated body (PL1l) including one of a resin film and
aresinfilmwith a support film "attached to" a substrate
may refer to a provisionally laminated body (PL1l) in such
a condition that the resin film and the like are merely
overlaid on the substrate while the resin surface of the
resin film and the like is in opposed relation to the
uneven surface of the substrate, and a provisionally
laminated body (PL1l) or (PL2) in which one of a resin
film and a resin film with a support film is integrated
with a substrate may refer to a provisionally laminated
body (PL1) or (PL2) in such a condition that one of the
resin film and the resin film with the support film is
overlaid on the substrate and is further pressurized and
that the substrate and one of the resin film and the resin
film with the support film are integrated together to
such a degree that one of the resin film and the resin
film with the support film cannot be easily separated

from the substrate.

BRIEF DESCRIPTION OF DRAWINGS
[FIG. 1] FIG. 1 is a sectional view of one
embodiment of the present application.

[FIG. 2] FIG. 2 is a partial sectional view of
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the one embodiment.

[FIG. 3]

FIG. 3 isatopviewof the one embodiment.

[FIG. 4] FIGs. 4A and 4B are illustrations of the

one embodiment.

[FIG.
embodiment.
[FIG.
embodiment.
[FIG.
embodiment.
[FIG.
embodiment.
[FIG.
embodiment.
[FIG.
illustration
[FIG.
embodiment.
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illustration
[FIG.
illustration
[FIG.
illustration

[FIG.

5] FIG. 5 is an illustration of

6] FIG. 6 is an illustration of

7] FIG. 7 is an illustration of

8] FIG. 8 is an illustration of

91] FIG. 9 is an illustration of

the

the

the

the

the

10] FIG. 10 is a partially enlarged

of the one embodiment.

1117 FIG. 11 is an illustration of the

12] FIG. 12 is a partially
of the one embodiment.
13] FIG. 13 is a partially
of the one embodiment.
14] FIG. 14 is a partially
of the one embodiment.

15] FIG. 15 is a partially

enlarged

enlarged

enlarged

enlarged

one

one

one

one

one

one
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illustration of the one embodiment.

[FIG. 16] FIG. 16 is a partially enlarged
illustration of the one embodiment.

[FIG. 17] FIG. 17 is a partially enlarged
illustration of the one embodiment.

[FIG. 18] FIG. 18 is a partially enlarged
illustration of the one embodiment.

[FIG. 19] FIG. 19 is an illustration of the one
embodiment.

[FIG. 20] FIGs. 20A and 20B are illustrations of
another embodiment of the present application.

[FIG. 21] FIG. 21 is a sectional wview of yet
another embodiment of the present application.

[FIG. 22] FIG. 22 is a sectional view of a further
embodiment of the present application.

[FIG. 23] FIG. 23 is an illustration of the
further embodiment.

[FIG. 24] FIG. 24 is a partially enlarged
illustration of the further embodiment.

[FIG. 25] FIG. 25 is a partially enlarged
illustration of the further embodiment.

[FIG. 26] FIG. 26 is an illustration of the
further embodiment.

[FIG. 27] FIG. 27 is an illustration of the

further embodiment.
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[FIG. 28] FIG. 28 is an illustration of one
embodiment of the present application.

[FIG. 29] FIG. 29 is a partially enlarged
illustration of FIG. 1.

[FIG. 30] FIG. 30 is a partially enlarged
illustration of FIG. 1.

[FIG. 31] FIG. 31 is a partially enlarged
illustration of FIG. 3.

[FIG. 32] FIG. 32 is a partially enlarged
illustration of FIG. 3.

[FIG. 33] FIG. 33 is a partially enlarged
illustration of FIG. 12.

[FIG. 34] FIG. 34 is a partially enlarged
illustration of FIG. 21.

[FIG. 35] FIG. 35 is a partially enlarged
illustration of FIG. 21.

[FIG. 36] FIG. 36 is a partially enlarged
illustration of FIG. 22.

[FIG. 37] FIG. 37 is a partially enlarged

illustration of FIG. 22.

DESCRIPTION OF EMBODIMENTS
Next, embodiments according to the present
invention will now be described. It should be noted that

the present invention is not limited to the embodiments.
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FIG. 1 shows a laminating apparatus according to
one embodiment of thepresent invention. Thislaminating
apparatus A is an apparatus for laminating a resin film
made of a silicone resin and the like to a substrate having
protruding and recessed portions. The laminating
apparatus A includes a cutting block 1 for cutting an
elongated strip-shaped resin film with a support film,
a precure block 2 for precuring the resin film with the
support film, a removing block 3 for removing the support
film from the resin film with the support film, a
provisionally laminated body forming block 4 for forming
a provisionally laminated body, and an end laminated body
forming block 5 for forming an end laminated body. As
shown, the blocks 1 to 5 are disposed in the order named
from upstream (the cutting block 1) to downstream (the
end laminated body forming block 5) in the flow direction
indicated by the arrow. The reference character of
designates an entire cover for accommodating the
aforementioned blocks 1 to 5. The entire cover o
includes safety doors not shown which are provided on
side surfaces for the respective blocks, and HEPA filters
not shown which are provided on the ceilings for the
respective blocks for the purpose of further cleaning
air in a clean room in which the present laminating

apparatus isinstalled. Partiallyenlargedviewsof FIG.
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1 are shown in FIG. 29 (the blocks 1 and 2) and in FIG.
30 (the blocks 3 to 5). Parts are schematically shown
in FIG. 1. The size, thickness and the 1like of the parts
shown in FIG. 1 are different from the actual ones (the
same holds true for the following figures).

First, the aforementioned cutting block 1 has the
function of removing a cover film from the elongated
strip-shaped resin film with the support film which is
wound around a core tube and which has the cover film
on the inner side and the support film on the outer side,
andthe functionof cuttingthistoapredetermined length.
Specifically, this cutting block 1 includes an unwind
roll 6 around which the resin film with the support film
and with the aforementioned cover film is wound, a cover
film take—-up roll 7 for winding up the cover film removed
fromthe aforementioned resin filmwith the support £ilm,
adisccutter 8 for cutting theresin filmwith the support
film from which the cover film is removed to a
predetermined length, a transport conveyor 9, and a
suction transport plate 10.

More specifically, as shown in FIG. 2, the
aforementioned unwindroll 6 having a predetermined width
is provided in a support plate b extending upwardly from
a base a, and unwindably holds the aforementioned resin

film with the support film. Also, the unwind roll 6
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is controlled by a servomotor designated by the reference
character k in FIG. 3 which is a top view of the laminating
apparatus Aof FIG. 1 soastorotateinadirectionopposite
from the unwinding direction of the resin film with the
support film, thereby apply a constant tension to the
unwound resin film with the support film. The
aforementioned take-up roll 7 is provided in the support
plateb, andisrotatablydrivenbya servomotordesignated
by the reference character 1 in FIG. 3 to wind up the
cover film removed from the resin film with the support
film by a removal plate d and paid out through a guide
roll e from nip rolls £ and g. The nip roll £ is driven
by a servomotor designated by the reference character
m in FIG. 3, and the nip roll g having no driving means
is pressed by an air cylinder not shown against the nip
roll f.

The transport conveyor 9 includes a conveyor belt
9b made of stainless steel, and a driving roll i. As
shown in FIG. 3, the aforementioned conveyor belt 9b has
a surface with a large number of suction holes 9c. The
conveyor belt 9bhas an endless shape, and is looped around
a support roll h and the driving roll i. The driving
roll i is driven by a servomotor designated by the
reference character n in FIG. 3. The feed speed and the

amount of feed of the resin film with the support film
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are controlled by the nip rolls f and g and the servomotor
n which drives the driving roll i. The rotary power of
the unwind roll 6 is controlled so that a constant set
tension is applied to the resin film with the support
film supplied from the unwind roll 6 to the transport
conveyor 9. The take-up roll 7 is controlled to wind
up the cover film paid out from the nip rolls f and g
under a set constant tension. This transport conveyor
9 has a suctioning function because a depressurization
chamber designated by the reference character 9a in FIG.
2 is in communication with the suction holes 9c¢c provided
in the surface of the conveyor belt, and transports the
resinfilmwith the support filmheldthereonunder suction.
In the course of the transport, the removal plate
designated by the reference character d in FIG. 2 changes
the transport direction of the cover film to an obliquely
rearwarddirectiondifferent fromthe transportdirection
of the resin filmwith the support £film, so that the cover
filmis removed from the resin filmwith the support £film.
Partially enlarged views of FIG. 3 are shown in FIG. 31
(the blocks 1 and 2) and in FIG. 32 (the blocks 3 to 5).
A bridge plate r places thereon the resin filmwith
the support film transported from the transport conveyor
9, andmoves theresinfilmwiththe support filmby sliding

the resin film with the support film thereon. The resin
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film with the support film removed from the cover film
andtransported by the transport conveyor 9onto the bridge
plater is initially laid under tension over a disc cutter
running groove p, and is suctioned by a suction means
not shown through suction holes o provided on the bridge
plate r. Thus, the resin film with the support film is
fixed for the cutting so as not to be out of position.
Next, while the disc cutter 8 is rotated by a stepping
motor designated by the reference character 8a in FIG.
2, an LM actuator (8b) for converting the rotary motion
of the servomotor into a linear motion by using a built-in
ball screw causes the disc cutter running groove p in
FIG. 3 in a direction indicated by the arrow g, whereby
the disc cutter 8 cuts the resin film with the support
filmfixedonthe bridgeplater to apredetermined length.
The disc cutter 8 may be returned to the position shown
in FIG. 3. Alternatively, the disc cutter 8 may be on
standby in that position, run in a direction opposite
from the direction indicated by the arrow g after the
next predetermined length of the resin film with the
support film is fed from the transport conveyor 9 and
held onto the bridge plate r under suction, and then cut
the resin filmwith the support film. It should be noted
that the bridge plate r incorporates a heater not shown

which heats the resin film with the support film
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transported from the transport conveyor 9. This
suppresses the production of fine swarf (particles)
during the cutting.

As shown in FIG. 3, the suction transport plate
10 has a suctioning function using a suction device (not
shown) for suctioning a suction part 10a, an upward and
downward driving function using an air cylinder 10b, and
a leftward and rightward moving function using an LM
actuator 10c. This suction transport plate 10 moves
downwardly by operating the air cylinder 10b from the
position shown in FIG. 2, holds the resin film with the
support film cut to a predetermined dimension under
suction, moves upwardly back to the original height by
operating the air cylinder 10b, then moves horizontally
by operating the LM actuator 10c rightwardly as seen in
the figure, subsequently moves downwardly by operating
the air cylinder 10b, releases the holding of the resin
filmwiththe support filmcut toapredetermineddimension
(referred to hereinafter as a "cut resin film") 19 under
suction, and placing this cut resin film 19 onto a
transport conveyor 11 extending from the precure block
2 for a subsequent step. Examples of the suction part
10a of the suction transport plate 10 used herein may
be any suction means including a vacuum chuck in which

a sintered body of metal or a porous member made of carbon
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and the like isused for the suction part, anelectrostatic
chuck using a dielectric such as polyimide, a suction
pad using Bernoulli effect, and the like.

The precure block 2 (referring again to FIG. 1)
has a precure function of precuring the cut resin film
19. The precure block 2 includes the transport conveyor
11 shared with the aforementioned cutting block 1 and
the support film removing block 3, and a circulating hot
airoven (referredtohereinafterasan"oven") 12disposed
under the transport conveyor 11. The oven 12 includes
a blower fan 12a for circulation of air flow within the
precure block, a duct heater 12b, a HEPA filter 12¢, and
a downflow supply outlet 12d.

More specifically, the transport conveyor 11 has
a transport belt which is a mesh belt made of TEFLON,
and is looped around a pair of support rolls rotatably
supported by a support column not shown. This transport
conveyor 11 has a transport surface which places thereon
a plurality of cut resin films 19 in predetermined spaced
apart relation to transport the cut resin films 19 in
a direction indicated by the arrow shown. The oven 12
has a temperature detecting means and a temperature
control means not shown. The duct heater 12b is provided
in adjacent relation to the blower fan 12a and the HEPA

filter 12c under the aforementioned transport conveyor
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11. The duct heater 12b heats air circulating within
the oven 12 for the purpose of causing the cut resin films
19 on the transport surface of the transport belt to reach
a predetermined temperature. This heated air is fed to
the HEPA filter 12c and is cleaned therein. The heated
air is then circulated in such a manner as to pass through
piping (not shown) extending upwardly within the precure
block 2, to be blown downwardly out of the downflow supply
outlet 12d, and toreturnintotheovenl2. Theair within
the oven 12 is not only circulated in the aforementioned
manner, but also may be exhausted by a blower fan and
a gas flow rate adjusting means which are not shown for
the purpose of exhausting gas emitted from the cut resin
films 19. The cut resin films 19 placed on the transport
surface of the transport belt of the transport conveyor
11 are transported for a prescribed time period by the
transport conveyor 11 within the oven 12 set at a
prescribed temperature. This causes a curing reaction
in resin components of the resin film, so that the cut
resin films 19 are, so to speak, B-staged.

The support film removing block 3 has a support
film removing function of removing the support film from
the back surface of a precured cut resin film 19. As
schematically shown in FIGs. 1 and 3, the support film

removing block 3 includes a half cutting device 13, and
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a support film removing device 14. More specifically,
as shown in front view in FIG. 4A and in side view in
FIG. 4B, the half cutting device 13 includes a cutting
edge 15, a cylinder 16 for driving the cutting edge 15
upwardly and downwardly, a pedestal 17 for supporting
thecylinder 16, and amountingpad 18 for mounting thereon
the cut resin film 19, with a transport conveyor 13a
therebetween. With reference to FIG. 4A, the cut resin
film 19 transferred from the transport conveyor 11 of
the precure block 2 onto the transport conveyor 13a of
the half cutting device 13 is positioned in the center
of the half cutting device 13 (on the mounting pad 18)
by a cut resin film 19 detecting means and the like not
shown. The positioning is done by disposing a guide pin
and the like not shown in FIG. 4B on the mounting pad
18 to the left of the cutting edge 15 lying above and
to the left of the mounting pad 18 and then pressing the
cut resin film 19 against the aforementioned guide pin
and the like by means of an abutment and alignment means
not shown. This determines the position of the cut resin
film 19 relative to the mounting pad 18. Other

positioningmechanisms than the abovemay be, for example,
as follows. Before the cut resin £film 19 is transferred
from the transport conveyor 11 of the precure block 2

onto the transport conveyor 13a of the half cuttingdevice
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13, the cut resin film 19 is placed and positioned on
a positioning means such as a centering table, and a
transport mechanism similar to the suction transport
plate 10 shown in FIG. 3 is thereafter used to place the
cut resin film 19 onto the transport conveyor 13a on the
mounting pad 18. Next, as shown in FIG. 5, the cylinder
16 is driven in a direction indicated by the arrow to
move the cutting edge 15 downwardly toward the positioned
cut resin £ilm 19 until the cutting edge 15 passes through
a resin film 20 which is a resin layer into an upper part
of a support film 21. This provides the cut resin film
19 in such a condition that the resin £ilm 20 is cut across
the width thereof and a cut is made in the cut resin film
19 to a depth approximately equal to the thickness of
the resin film 20. This is referred to as a "half cut."
With reference to FIG. 3, the cut resin £film 19 subjected
to the half cut is transported from immediately under
the half cutting device 13 in a rightward direction as
seen in the figure by the transport conveyor 13a. The
transported cut resin film 19 subjected to the half cut
is held under suction by a suction plate 73a of a transfer
arm 73 shown in FIG. 3, and lifted from the transport
conveyor 13a by an LM actuator 73b. Then, the cut resin
film 19 is sent to the support film removing device 14

by an LM actuator 73c.
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As showninFIG. 6, the support filmremovingdevice
14 includes a rest table 22 supported by leg portions
at four corners and for placing thereon the cut resin
film 19 subjected to the half cut and sent by the
aforementioned transfer arm 73, an servomotor—-driven LM
actuator 23, a pressing arm 24 extending upwardly, an
arm 27 having a suction pad 25 and upwardly and downwardly
movable by vertically sliding a fixed plate 26 thereof
by means of a servomotor-driven LM actuator 26a, a needle
portion 28 mounted to this arm 27 movably back and forth,
and a pinch portion 29 (not shown) movable in a
predetermined direction. The aforementioned rest table
22 is horizontally movable by the slidable LM actuator
23 provided under the rest table 22. The LM actuator
23 is capable of moving horizontally by transmitting the
rotation of a servomotor (not shown) serving as a driving
source to a built-in ball screw. The pressing arm 24
is provided under the suction pad 25 and between the leg
portions of the rest table 22, and is adapted to extend
toward the suction pad 25 when the rest table 22 moves
leftwardly as seen in the figure to create a space over
the pressing arm 24. The arm 27 is mounted to the LM
actuator 26a supported by a base so as to be movable via
the fixed plate 26 along the LM actuator 26a, and has

an inner suction passageway (not shown) which imparts
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a sucking force to the suction pad 25. The suction pad
25 is provided to hold the cut resin film 19 subjected
to the half cut under suction, and is slightly smaller
insizethanthe aforementionedcut resinfilm19 subjected
to the half cut. The needle portion 28 is mounted to
the arm 27 so as to be movable back and force in the
longitudinal direction of the arm. A needle is provided
at the tip of the needle portion 28, and has a tip pointed
toward the suction pad 25.

Next, the cut resin film 19 subjected to the half
cut is placed in a predetermined position on the rest
table 22 of the support film removing device 14 by the
transfer arm 73, as indicated by anarrow in FIG. 6. Then,
therest table 22 ismoved to immediately under the suction
pad 25. As indicated by an arrow in FIG. 7, the arm 27
is operated to move downwardly until the cut resin film
19intheaforementionedconditionisbrought into contact
with the suction pad 25 and held under suction by the
suction pad 25. 1In that state, the suction pad 25 is
lifted upwardly. At this time, the half-cut end portion
of the aforementioned cut resin film 19 together with
the support film 21 protrudes slightly from the suction
pad 25 because the suction pad 25 is slightly smaller
in size than the cut resin film 19. The pinch portion

29 is provided to grasp the protruding end portion. A
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pair of pinch lugs at the front end of the pinch portion
29 are opened and closed by an air cylinder of the pinch
portion 29 to perform a pinching operation. The pinch
portion 29 has a rear end pivoting downwardly about the
front end thereof. Theentirepinchportion29 ismovable
horizontally in a diagonal direction of the cut resin
film by an LM actuator 1l4a mounted to the support film
removing device shown in FIG. 3. After the pinch portion
29 grasps the protruding end portion of the cut resin
film 19, the rest table 22 moves laterally, and the
pressing arm 24 moves upwardly from the resultant space.
Then, the suction pad 25 and the pressing arm 24 hold
the end portion of the cut resin film 19 therebetween
to fix the end portion (FIG. 8). In that state, the
opposite side of the pinch portion 29 from the grasped
portion is moved downwardly about the portion where the
pinch portion 29 grasps the end portion of the cut resin
film 19, as shown in FIG. 9. This movement causes the
end portion of the cut resin £film 19 grasped by the pinch
portion 29 to move downwardly from the pad surface of
the suction pad 25, whereby a slit in the half-cut portion
of the cut resin film 19 is widened to cause a crack.
Then, the pressing arm 24 moves downwardly. As
shown in FIG. 10 which is a partially enlarged view of

FIG. 9, theneedleprovidedat thetipof theneedleportion
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28 pricks the slit in the half-cut portion to make the
slit larger and easy to tear therefrom. 1In that state,
the pinch portion 29 moves as indicated by an arrow in
FIG. 11, whereby the support film 21 of the cut resin
film 19 together with the end portion of the cut resin
film 19 is removed from the resin film 20. The needle
portion 28 returns to the original position. At this
time, a major portion of the resin film 20 is left while
being held on the suction pad 25 under suction. After
therest table 22 ismoved to immediately under the suction
pad 25, the suction pad 25 is moved downwardly, and the
holding of the resin film 20 under suction is released,
whereby the resin film 20 is placed on the rest table
22. Theresttable22withtheresinfilm20placedthereon
is moved from immediately under the suction pad 25 to
immediately under the suction plate 73a of the transfer
arm 73. Then, the resin film 20 is transported to the
provisionally laminated body forming block 4 by the
transfer arm 73.

The provisionally laminated body forming block 4
(referring again to FIGs. 1 and 3) has the function of
overlaying the aforementioned resin £ilm 20 on an uneven
surface of a substrate having protruding and recessed
portions in a predetermined positional relationship to

looselyattachtheresinfilm20totheprotrudingportions
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of the uneven surface due to the viscosity of the resin
film itself and due to its own weight, thereby forming
a provisionally laminated body (PL1l). This
provisionally laminated body forming block 4 includes:
thetransfer arm 73 sharedwith theaforementioned support
film removing block 3 and for moving the resin film 20
held by the suction plate 73a under suction to a
predetermined position over an alignment table 30; a
substrate ejection mechanism 74 for ejecting substrates
38 with uneven surfaces on a one-by-one basis, the
substrates 38 being placed in multiple tiers within a
substrate rack 33 movable upwardly and downwardly by a
servomotor—-driven LM actuator 33a; a guide rail 75 for
guiding a substrate 38 ejected from the substrate rack
33 to the alignment table 30; a CCD camera module 76 for
recognizing the contour lines of the substrate 38 and
the resin film 20 held by the suction plate 73a under
suction; an image recognition module not shown; and a
SCARA robot 32 for transferringaprovisionally laminated
body (PL1) 31 including the substrate 38 and the resin
film 20 attached to the uneven surface of the substrate
38 from the alignment table 30 to a transport film 34
in the end laminated body forming block 5 by holding the
provisionally laminated body (PL1) 31 with a chuck.

In the aforementioned substrate ejection
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mechanism 74 in the position shown in FIG. 12 which is
a partially enlarged view of FIG. 3, the rotary motion
of a servomotor 74c is converted into a horizontal motion
of a substrate ejection arm 74a by an LM actuator 74Db.
Using the force of this horizontal motion, the substrate
ejection arm 74a ejects the substrates 38 stored in the
substrate rack 33 on a one-by-one basis, as shown in FIG.
13 whichisapartially enlargedviewof the provisionally
laminated body forming block 4 of FIG. 1. At this time,
the height of the substrate rack 33 is controlled to a
suitable height by the servomotor-driven LM actuator 33a
so that a substrate 38 stored in the uppermost tier is
ejected by the substrate ejection arm 74a. The substrate
38 ejected from the substrate rack 33 is moved while being
supported by the guide rail 75, and is stopped

substantially in the center of the alignment table 30.
At this time, two centering rods 30a for each side of
the alignment table 30 are lowered by an air cylinder
30d, andthe substrate 38 slidesover the loweredcentering
rods 30a (with reference to FIG. 14). When the substrate
38 is moved to substantially the center of the alignment
table 30, the substrate ejection arm 74a slides back to
the position shown in FIG. 12, and the centering rods
30a are moved upwardly in preparation for the centering

of the substrate 38 so that the upper portions of the
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centering rods 30a are higher in vertical position than
the substrate 38. On the other hand, the substrate rack
33 is upwardly moved by the servomotor-driven LM actuator
33a a distance corresponding to one tier of the storage
space of the substrates 38 stored in multiple tiers, and
is ready for the next substrate ejection. Then,
centering bars 30c disposed in adjacent relation to the
four sides of the alignment table and having the centering
rods 30amounted thereonslide toapredeterminedposition
for the centering of the substrate 38 (the position
indicated by dotted lines 30b in FIG. 12 and in FIG. 33
which is apartiallyenlargedviewof FIGs. 12), resulting
in a condition shown in FIG. 15. As shown in FIG. 13,
a notch is provided in the upper end of the guide rail
75 to prevent the centering rods 30a and the guide rail
75 from interfering with each other at this time. In
this manner, the substrate 38 is centered in a
predetermined position of the alignment table 30.
Next, the aforementioned transfer arm 73 moves the
suction plate 73a with the resin £film 20 held on the back
surface thereof under suction to over the substrate 38
centered by a horizontal transfer mechanism (the LM
actuator 73b) and a horizontal transfer mechanism (the
LM actuator 73c), so that the substrate 38 and the resin

film 20 are in opposed relation, as shown in FIG. 16.
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Also, a CCD camera bar 76b on which four units of the
CCD camera module 76 are mounted is moved horizontally
into a space between the substrate 38 and the resin film
20 which are in opposed relation as mentioned above by
an LM actuator 76c driven by a servomotor 76d, resulting
in a condition shown in FIG. 17. A schematic
cross—-sectional view in this condition is shown in FIG.
13. As indicated by a horizontal dotted line in FIG.
13, the CCD camera module 76 mounted on the CCD camera
bar 76b is in an intermediate position between the
substrate 38 and the resin film 20 which are in opposed
relation, and is configured so that the distances from
the CCD camera module 76 to the substrate 38 and the resin
film 20 are equal to the focal length of CCD cameras.
These CCD cameras are capable of bringing the four corners
of the substrate 38 and the resin film 20 into view by
upward and downward prism shutters or by illuminating
either upwardly or downwardly, as indicated by vertical
dotted lines. Based on image information from the CCD
cameras in this state, a computer is caused to recognize
the contour lines of the substrate 38 and the resin film
20, thereby calculating the barycentric coordinates of
the substrate 38 and the resin film 20.

Then, the alignment table 30 is moved in the X,

Y and 6 directions by a stepping motor 30g so that the
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barycentric coordinates of the substrate 38 and the resin
film 20 coincide with each other. After the barycentric
positions of the substrate 38 and the resin film 20
coincide with each other in the aforementioned process,
the CCD camera bar 76b is retracted to the position shown
in FIG. 16 and the suction plate 73a is lowered to the
position shown in FIG. 18 for the purpose of producing
the provisionally laminated body (PL1) 31. In that state,
the sucking force of the suction plate 73a is stopped,
and the resin film 20 is overlaid on the uneven surface
of the substrate 38, so that the resin £film 20 is loosely
attached to the substrate 38. When both the front and
back surfaces of the substrate 38 have protruding and
recessedportions, theprovisionally laminated body (PL1)
31 in which the resin film 20 is attached to one of the
surfaces of the substrate 38 is initially produced. Then,
this provisionally laminated body (PL1l) 31 is flipped
by a flipping mechanism not shown, and is placed again
onto the alignment table 30. Then, the aforementioned
process is repeated to attach the resin film 20 to the
other surface. The chuck of the SCARA robot 32 holds
and 1lifts the provisionally laminated body (PL1) 31 thus
formed, and swivels around from that position. Then,
after holding down the provisionally laminated body (PL1)

31 in a predetermined position, the chuck of the SCARA
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robot 32 stops grasping the provisionally laminated body
(PL1) 31, and places the provisionally laminated body
(PL1) 31 onto the transport film 34 so that provisionally
laminated bodies (PL1) 31 are arranged in two lines on
the transport film 34 (referring again to FIGs. 1 and
3). The transport film 34 operates intermittently in
accordance with a depressurizing step and a pressurizing
step in the end laminated body forming block 5 for the
subsequent step. The transport film 34 is paid out from
a starting end roller 42, and is wound on an ending end
roller 43. This transport film 34 operates, with a
plurality of (in this example, four) provisionally
laminated bodies (PL1) 31 placed on the transport surface
thereof, and sends the provisionally laminated bodies
(PL1) 31 to the end laminated body forming block 5 for
the next step.

The end laminated body forming block 5 is a
characteristic part of the present invention, and
includes: an enclosed space forming means capable of
receiving the provisionally laminated body (PL1) 31
therein; andapressure laminatingmeans (P1l) for applying
pressure to the provisionally laminated body (PL1) in
non-contacting relationship in this enclosed space to
forman end laminated body (a laminating mechanism (E1)).

As shown in FIG. 1, a depressurizing and pressurizing
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tank 37 capable of freely switching between
depressurization and pressurization is used in this
embodiment as the enclosed space forming means for
changing the provisionally laminated body (PL1) 31 into
an end laminated body 36. As shown in FIG. 19, this
depressurizing and pressurizing tank 37 includes an upper
plate portion 66 and a lower plate portion 67. The upper
plate portion 66 has a lower metal plate surface which
is cut to define a recess. A rectangular heater plate
66a is provided in this recessed portion of the upper
plate portion 66, with a thermal insulation board 66Db
therebetween. A connection port 66c¢c is connected to a
vacuum suction device and the 1ike not shown (for example,
a vacuum suction device, a vacuum regulator, atmosphere
inlet piping, an air pressurizing device, and the like).
An air intake and supply channel 68 is provided around
the outer periphery of the heater plate 66a. Like the
upper plate portion 66, the lower plate portion 67 has
an upper metal plate surface which is cut to define a
recess. A rectangular heater plate 67a is provided in
a recess 70 which is this recessed portion of the lower
plate portion 67, with a thermal insulation board 67b
therebetween. In the aforementioned manner, a
connectionport 67cis connectedtoavacuumsuctiondevice

and the like not shown (for example, a vacuum suction
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device, a vacuum regulator, atmosphere inlet piping, an
air pressurizing device, and the like), and an air intake
and supply channel 69 is provided around the outer
periphery of the aforementioned heater plate 67a. The
connection port need not be provided for each of the upper
and lower plates as mentioned above, but may be provided
for only one of the upper and lower plates. A recessed
channel is provided in the upper surface of the lower
plate portion 67 so as to surround the heater plate 67a.
A seal material 71 including an O-ring and the like is
disposed in the recessed channel. The lower plate
portion 67 is movable upwardly and downwardly by a
hydraulic cylinder 59. The lower plate portion 67 is
moved upwardly from the position shown into intimate
contact with the upper plate portion 66, with the seal
material 71 therebetween. When the lower plate portion
67 and the upper plate portion 66 are in intimate contact
with each other, the aforementioned recess 70 becomes
an enclosed space Z. The provisionally laminated body
(PL1) 31 is subjected to the step of depressurization
and the step of pressurization in non-contacting
relationship by means of the pressure laminating means
(P1l) within this enclosed space Z to become the end
laminated body 36.

These steps will be described in detail by taking
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as an example an instance in which a substrate obtained
by providing surface-mount light-emitting elements
disposed in predetermined spaced apart relation and
servingasprotrudingportions 38conaboard38bincluding
an insulated substrate and a conductor pattern, with
recessed portions 38d defined between the protruding
portions 38c, isusedas the substrate 38 havingprotruding
and recessed portions, and in which the provisionally
laminated body (PL1) 31 such that the resin film 20 is
overlaid on the uneven surface of the substrate 38 is
formed into the end laminated body 36. The provisionally
laminated body (PL1) 31 placed on the transport film 34
is transported as indicated by an arrow in FIG. 19, and
is positioned between the upper plate portion 66 and the
lower plateportioné67 soas tobe in face-to-facerelation
to the recess 70 for the enclosed space Z. The
provisionally laminated body (PL1l) 31 in this position
is in such a condition that the resin film 20 is overlaid
on the uneven surface of the substrate 38 and is loosely
attached to the upper surfaces of the protruding portions
38c. The pipes between the connection port 66c or 67c
of the depressurizing and pressurizing tank 37 and the
vacuum suction device are closed by valves (not shown).
With the pipes between the connection ports (66c and 67c)

and the vacuum suction device closed by the valves, the
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hydraulic cylinder 59 operates to move upwardly to bring
the upper plate portion 66 and the lower plate portion
67 into abutment with each other, with the seal material
71 therebetween, so that the recess 70 of the lower plate
portion 67 becomes the enclosed space Z. At this time,
the provisionally laminated body (PL1) 31 is in contact
with neither the upper plate portion 66 nor the lower
plate portion 67. With the enclosed space Z formed, the
valves between the vacuum suction device (not shown) and
the connectionports 66cand 67c are opened, so that vacuum
suctioning within the enclosed space Z is performed. At
the same time, the provisionally laminated body (PL1)
31 is heated by the upper and lower heater plates 66a
and 67a previously controlled at a predetermined

temperature. Then, since the provisionally laminated
body (PL1) 31 is heated under a reduced pressure, the
resin film 20 of the provisionally laminated body (PL1)
31 is softenedto fit the protruding and recessed portions
of the substrate 38. Further, the entire perimeter of
the edges of the resin film 20 adheres to the entire
perimeter of the peripheral portion of the surface of
the substrate 38. This creates an enclosed space (S)
between the resin film 20 and the substrate 38 to form
a provisionally laminated body (PL2) (72) having the

enclosed space (S). At this time, the aforementioned
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enclosed space (S), 1liketheenclosed space Z therearound,
is in a depressurized condition. It should be noted that
the reference characterswithin parentheses are not shown.
The same holds true for reference characters within
parentheses to be described below.

After the provisionally laminated body (PL2) (72)
havingthe enclosed space (S) is formed, the depressurized
condition of the aforementioned enclosed space 72 1is
decreased while the heating of the heater plates 66a and
67a are maintained, whereby a stepwise or continuously
high air pressure condition is achieved. Specifically,
the end laminated body forming block 5 has a control
function of controlling applied pressure, such as
operating a vacuum regulator to control the air pressure
in the aforementioned enclosed space Z to an air pressure
intermediate between a vacuum and atmospheric pressure,
or stopping the vacuum suction of the upper plate portion
66 and the lower plate portion 67 and then introducing
the atmosphere into the aforementioned enclosed space
Zz, and further introducing a pressurized gas such as
compressed air into the aforementioned enclosed space
Z, as required. Thus, controlled pressure and heat are
applied to the provisionally laminated body (PL2) (72).
At this time, the enclosed space (S) between the resin

film20and the substrate38of theprovisionally laminated
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body (PL2) (72) isinthedepressurizedconditionas stated
above. While this enclosed space (3) is maintained, the
enclosed space Z in the depressurizing and pressurizing
tank 37 is brought into a pressurized condition. This
creates adifference in air pressure between these spaces
(the enclosed space Z and the enclosed space (S)). This
created air pressure difference causes the resin film
20 of the provisionally laminated body (PL2) (72) to be
forced hard from outside into intimate contact with the
substrate 38 in such a condition that the resin film 20
completely fits the protruding and recessed portions of
the substrate 38. Then, the aforementioned heating
rigidly attaches the resin film 20 to the substrate 38
in such a condition that the resin film 20 completely
fitstheprotrudingandrecessedportionsof the substrate
38, so that the end laminated body 36 is formed.

The end laminated body 36 formed in this manner
is sent out of the depressurizing and pressurizing tank
37 by the intermittent operation of the transport film
34 (with reference to FIG. 3).

Next, the operation of laminating the substrate
and the resin film together by using the laminating
apparatus A according to the aforementioned embodiment
will be described sequentially.

In the cutting block 1 (with reference to FIG. 2),
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the resin film with the support film and with the cover
film is sent from the unwind roll 6 in the direction of
an arrow, and the cover film is removed from the resin
film with the support film by part of the removal plate
d, whereby separation between the cover filmand the resin
filmwith the support filmis achieved. Theremovedcover
film is wound and stored on the take-up roll 7. On the
other hand, the resin film with the support film is cut
to a predetermined size by the disc cutter 8 to become
thecutresinfilml1l9. Thecutresinfilml9istransported
by the transport conveyor 11 to the subsequent precure
block 2.

In the precure block 2, the cut resin film 19 is
precured. Specifically, the cut resin film 19 on the
transport conveyor 11 is heated by circulating
high-temperature air produced by the blower fan 12a and
the duct heater 12b which are provided under the transport
conveyor 11 so as to be semi-hardened (B-staged) to such
a degree as tohave self shaperetentionduring the heating
in the depressurizing and pressurizing tank 37. The
precured cut resin film 19 is transported by the transport
conveyor 11 to the subsequent support film removing block
3.

Inthe support filmremovingblock 3, the operation

of removing the support film 21 from the precured cut
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resin film 19 is performed by the half cutting device
13 and the support film removing device 14. First, the
precuredcutresinfilml9 istransferredonto themounting
pad 18 of the half cutting device 13, and a cut (half
cut) is made in the cut resin film 20 and an upper portion
of the support film 21 by the cutting edge 15 (with
reference to FIGs. 4A and B). This portion in which a
cut is made is referred to as a half cut point. Next,
the cut resin film 19 subjected to the half cut is held
under suction by the suction pad 25 of the arm 27 of the
support film removing device 14 (with reference to FIG.
7). Part of the cut resin film 19 protruding from the
suction pad 25 (an end portion near the half cut point)
is grasped by the pinch portion 29 and pulled toward the
opposite end portion of the cut resin film 19 (with
reference to FIG. 11), whereby the resin film 20 of the
cutresinfilml19 iscut at thehalf cut point. The support
film 21 is removed from the end portion forward of the
half cut point, and only the resin film 20 remains on
the suction pad 25. The remaining resin film 20 is sent
to the subsequent provisionally laminated body forming
block 4 (with reference to FIG. 1).

In the provisionally laminated body forming block
4, one of the substrate 38 stored in the substrate rack

33 which lies in the uppermost tier is ejected onto the
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alignment table 30 by the substrate ejection mechanism
74. The resin film 20 held under suction by the suction
plate 73a of the transfer arm 73 is brought into opposed
relation to the substrate 38 on the alignment table 30,
and the barycentric positions of the substrate 38 and
the resin film 20 are cause to coincide with each other.
Thereafter, the holdingof theresin film 20 under suction
by the suction plate 73a is released, and the resin film
20 is overlaid on the substrate 38, whereby the
provisionally laminated body (PL1l) 31 is formed. The
formed provisionally laminated body (PL1) 31 is
transferred onto the transport £film 34 by the SCARA robot
32, and is sent to the subseqguent end laminated body
forming block 5.

The provisionally laminated body (PL1) 31 sent to
the end laminated body forming block 5 is positioned in
the enclosed space Z (with reference to FIG. 19) of the
depressurizing andpressurizing tank 37, and is initially
subjected to adepressurizing process while being heated.
Thus, the resin film 20 of the provisionally laminated
body (PL1) 31 is softened and can no longer maintain the
sheet-1like shape because the support £film 21 has already
been removed therefrom. As a result, the resin film 20
fitstheprotrudingandrecessedportionsof the substrate

38. As the heating and the depressurizing process



10

15

20

25

51

proceed, the entire perimeter of the edges of the resin
film 20 adheres to the entire perimeter of the peripheral
portion of the surface of the substrate 38. The
provisionally laminated body (PL1) 31 hence becomes the
provisionally laminated body (PL2) (72) in which the
enclosed space (S) in the depressurized condition is
created between the resin film 20 and the substrate 38.
Next, the depressurized condition in the enclosed space
Z of the depressurizing and pressurizing tank 37 is
cancelled. The pressure in the enclosed space 7 is
changed to atmospheric pressure, and is further increased.
This applies pressure to the enclosed space Z which
receives the provisionally laminated body (PL2) (72)
therein. As a result, a difference in air pressure is
created between these spaces (the enclosed space Z and
the enclosed space (S)). This created air pressure
difference causes the resin film 20 softened by heating
to fit and come into intimate contact with the protruding
andrecessedportionsof the substrate 38, therebyrigidly
attaching the resin £film 20 to the substrate 38. 1In other
words, the resin film 20 is laminated to the substrate
38 in non-contacting relationship with any portion of
the depressurizing and pressurizing tank 37 without the
creation of microvoids between the resin film 20 and the

substrate 38. In this manner, the end laminated body
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36 is formed from the provisionally laminated body (PL1)
31.

In this manner, the laminating apparatus A
according to this embodiment laminates the resin film
20 along the protruding and recessed portions of the
substrate 38 in non-contacting relationship. Thus, if
the degree of protruding and recessed portions of the
substrate 38 is relatively large as in a wiring circuit
board with an optical semiconductor element mounted
thereon or if the degree of protruding and recessed
portions of the substrate 38 is small and the spacings
between the protruding and recessed portions are small,
the laminating apparatus A allows the resin film to
sufficientlyconformtothe substrate, therebylaminating
the resin film and the substrate together without the
creation of microvoids. Also, the laminating apparatus
A is capable of causing the film thickness of the resin
film 20 conforming to the substrate having the protruding
and recessed portions to be a uniform thickness on a
stricter level. This laminating apparatus A achieves
savings in space during the installation of the apparatus
because depressurization and pressurization are carried
out by the same apparatus. It should be noted that this
laminating apparatus A is useful not only for sealing

of typical printed boards but also for other applications,
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and is in particular useful for sealing of LED boards
and PDP boards.

In the aforementioned embodiment, the transport
film 34 (with reference to FIG. 1) is used to transport
the provisionally laminated body (PL1) 31. However, the
transport may be, for example, as follows. The lower
plate portion 67 of the depressurizing and pressurizing
tank 37 of FIG. 19 in the end laminated body forming block
5 is made leftwardly and rightwardly slidable and is slid
leftwardly from the position shown in FIG. 1. The
provisionally laminated body (PL1) 31 is directly set
on the slidable lower plate portion 67 by using the SCARA
robot 32, and the lower plate portion 67 is returned to
a predetermined position. Similarly, the end laminated
body 36 may be taken out in the following manner. The
lower plate portion 67 of the depressurizing and
pressurizing tank 37 is slid rightwardly as seen in FIG.
1, and another SCARA robot is used to directly take out
the end laminated body 36. This eliminates the need for
the space for installation of the transport film 34 to
make efficient use of the installation space of the
apparatus, thereby achieving savings in space. Also,
the need for the transport film and costs for discarding
the same is also eliminated. This also achieves

reduction in costs.
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In the laminating apparatus A according to the
aforementioned embodiment, depressurization and
pressurization are carried out by using the same
depressurizing andpressurizing tank 37 for the formation
of the end laminated body 36. However, a depressurizing
tank and a pressurizing tank may be separately disposed
upstream and downstream in succession, so that
depressurization and pressurization are shared by the
tanks. Unlike the single depressurizing and
pressurizing tank, the depressurizing tank and the
pressurizing tank provided separately in this manner
reduce losses of time for switching between
depressurization and pressurization to achieve the
increased efficiency of manufacture.

The depressurizing process is performed on the
provisionally laminated body (PL1) 31 intheend laminated
body forming block 5 in the laminating apparatus A
according to the aforementioned embodiment. However,
the depressurizing process need not necessarily be
performed, depending on the degree of flexibility of the
resin film 20 and the conditions of the pressurizing
process. It is, however, preferable to perform the
depressurizing process which have a tendency to provide
an end laminated body having a higher degree of intimate

contact.
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Further, a pressure laminating means (P3) for
attaching (laminating) the periphery of the resin film
20 to the substrate 38 by the use of the flexibility and
adhesion of the resin film 20 which are increased by the
heating treatment is used for the formation of the
provisionally laminated body (PL2) (72) having the
enclosed space (S) inthe end laminated body forming block
5 in the laminating apparatus A according to the
aforementioned embodiment. Alternatively, a
frame-shaped pressing means for positively attaching
(laminating) the periphery of the resin film 20 to the
substrate 38 may be provided in the depressurizing and
pressurizing tank 37 and be moved upwardly and downwardly
by a support arm to press the periphery of the resin film.
This shortens the time required for the formation of the
provisionally laminated body (PL2) (72), and also ensures
the hermeticity of the provisionally laminated body (PL2)
(72), thereby improving the intimate contact between the
resin film 20 and the substrate 38 during the formation
of the end laminated body 36. The periphery of the resin
film can be attached to the substrate without the heating
treatment for the formation of the provisionally
laminated body (PL2) (72), depending on the type of the
resin film. In such a case, the heating treatment need

not necessarily be performed.
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Next, alaminatingapparatusBaccordingtoanother
embodiment of the present invention is shown in FIG. 21,
and partially enlarged views of FIG. 21 are shown in FIG.
34 (the blocks 1 and 2) and in FIG. 35 (the blocks 4 and
5). This laminating apparatus B is such that the support
film removing block 3 in the laminating apparatus A (with
reference to FIG. 1) of the aforementioned embodiment
is dispensed with. Specifically, the laminating
apparatus A includes the support film removing block 3
for removing the support film 21 from the cut resin film
19 (the resin film with the support film). However, if
the degree of protruding and recessed portions of the
substrate 38 is relatively small, the support film 21
need not be removed, but may be laminated to the substrate
38 while being attached to the resin film 20, so that
aprovisionally laminated body (PL1) 46 or aprovisionally
laminated body (PL2) (81) is formed. This provisionally
laminated body (PL1) 46 or the provisionally laminated
body (PL2) (81) is pressurized in non-contacting
relationship, whereby an end laminated body (93) is
provided. In this case, the need for the aforementioned
support film removing block 3 is hence eliminated.

Parts of this laminating apparatus B are identical
with those of the laminating apparatus A as mentioned

above except that the support film removing block 3 is
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dispensed with. Identical parts are designated by like
reference numerals and characters, and will not be
described. The laminating apparatus B further includes
a suction-plate-equipped flipping table 35. The
suction-plate—-equipped flippingtable 35hasthe function
of flipping the precured cut resin film 19 to hold the
support film 21 surface of the cut resin film 19 under
suction on the suction plate 73a of the transfer arm 73.
This allows the substrate 38 to be in opposed relation
to the resin film 20 surface of the cut resin film 19
on the alignment table 30. This laminating apparatus
B produces effects similar to those of the laminating
apparatus A, and is reduced in size as compared with the
laminating apparatus A because the laminating apparatus
B does not include the support film removing block 3.
A laminating apparatus C according to a further
embodiment of the present invention is shown in FIG. 22,
and partially enlarged views of FIG. 22 are shown in FIG.
36 (the blocks 1 and 2) and in FIG. 37 (the blocks 3 and
5). This laminating apparatus C shows a modification
of the removal of the support £film 21 in the support film
removing block 3 in the aforementioned laminating
apparatus A (with reference to FIG. 1). The laminating
apparatus C has a depressurizing function of placing the

space between the resin film 20 with the support film
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21 and the substrate 38 of the provisionally laminated
body (PL1) in the enclosed space Z under a negative
pressure, a heating functionof heating the provisionally
laminated body (PL1), and a pressure laminating means
(P2) of forming a provisionally laminated body (PL1l) or
a provisionally laminated body (PL2) in which the
substrate 38 and the resin film 20 with the support film
21 of the provisionally laminated body (PL1l) are
integrated together (a laminating mechanism (E2)).
Specifically, this laminating apparatus C forms the
provisionally laminated body (PL1) 46 or the
provisionally laminated body (PL2) (81), with the support
film 21 attached to the resin film 20, and thereafter
removes the support £film 21 to form an end laminated body
(94). The laminating apparatus C includes the cutting
block 1, the precure block 2, the provisionally laminated
body forming block 4, the support film removing block
3, and the end laminated body forming block 5, which in
turn are disposed in the order named from upstream (the
cutting block 1) to downstream (the end laminated body
forming block 5) in the flow direction indicated by the
arrow, as shown. It should be noted that SCARA robot
32 and the like are not shown in FIGs. 22, 36 and 37.
Of these, the cutting block 1 and the precure block

2 are substantially similar in construction to those of



10

15

20

25

59

the aforementioned laminating apparatus A. Identical
or correspondingparts in the blocks 1 and 2 aredesignated
by like reference numerals and characters, and will not
be described.

The provisionally laminated body forming block 4
in this laminating apparatus C includes a flipping
mechanism 92 for flipping the cut resin £film 19 subjected
to the half cut in the half cutting device 13 so that
the support film 21 is positioned upside and the resin
film 20 is positioned downside (with reference to FIG.
36) . Then, the cut resinfilm19 is overlaidon the uneven
surface of the substrate 38 and is attached thereto to
provide the provisionally laminated body (PL1) 46. When
the substrate 38 has protruding and recessed portions
on the opposite surfaces thereof, the provisionally
laminated body (PL1) in which the cut resin film 19 is
attached toeach of the opposite surfaces of the substrate
38 is formed by initially attaching the cut resin film
19 so that the resin film 20 surface is in contact with
one of the surfaces of the substrate 38, thereafter
flipping the substrate 38, and repeating the
aforementioned operation on the other surface of the
substrate 38. The aforementioned provisionally
laminated body (PL1l) 46 is placed on the transport film

34, and is transported into a contact laminating device
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47 (with reference to FIG. 23). This contact laminating
device 47 expands an upper flexible sheet 48 like a kind
of balloon, and uses the expansive force for
pressurization and lamination. The aforementioned
provisionally laminated body (PL1) 46 is subjected to
a contact lamination process by the contact laminating
device 47 to become theprovisionally laminated body (PL1)
46 in which the substrate 38 and the resin film 20 with
the support film 21 are integrated together (a pressure
laminating means (P2)).

As shown in FIG. 23, the aforementioned contact
laminating device 47 includes an upper plate portion 49
and a lower plate portion 51. The upper plate portion
49 has a lower metal plate surface which is cut to define
a recess. A rectangular heater plate 49a is provided
in this recessed portion of the upper plate portion 49,
with a thermal insulation board 49b therebetween. The
upper flexible sheet 48 is mounted to the upper plate
portion 49. Like the upper plate portion 49, the lower
plateportionb5lis formedbyametal plate. Arectangular
heater plate 5la is provided in a recess formed in the
upper metal plate surface of the lower plate portion 51,
with a thermal insulation board 51b therebetween. A
lower elastic sheet 50 is mounted to the lower plate

portion 51. The upper plate portion 49 is switchably
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connectable to an air pressurization device (not shown)
and to a vacuum suctiondevice (not shown). Whenpressure
is applied through an opening channel 54 and a piping
connection port 49c to a gap portion 52 between the upper
plate portion 49 and the upper flexible sheet 48, the
upper flexible sheet 48 is expanded 1like a balloon toward
the lower plate portion 51. 1In FIG. 23, the reference
numeral 44 designates a frame-shaped stop plate for the
flexible sheet, and 45 designates a stopper therefor.
On the other hand, the lower plate portion 51 is connected
to the vacuum suction device (not shown), and is moved
upwardly by a hydraulic cylinder 50’ into abutment with
the upper plate portion 49, thereby forming an enclosed
space 53 between the upper plate portion 49 and the lower
plate portion 51, with a seal material 55 therebetween.
When the depressurization through the piping

connection port 49c of the upper plate portion 49 is
stopped and air is supplied while the provisionally

laminated body (PL1) 46 in which the resin film 20 with
the support film 21 is attached to the aforementioned
substrate 38 is vacuum suctionedwithin the enclosed space
53 through an opening channel 56 and a piping connection
port 51c of the lower plate portion 51 and through the
opening channel 54 and the piping connection port 49c

of the upper plate portion 49, the upper flexible sheet
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48 of the upper plate portion 49 is pressure—expanded
toward the enclosed space 53 because of a difference in
air pressure between the gap portion 52 and the enclosed
space 53. This expanded upper flexible sheet 48 causes
the clamping (lamination) of the substrate 38 and the
cut resin £film 19 with the support £film 21 together. The
lower elastic sheet 50 has the function of efficiently
transmitting the pressure from the expanded upper

flexible sheet 48 to the substrate and to the cut resin
filml1l9with the support £film21. This contact lamination
process causes the provisionally laminated body (PL1)
46 in which the substrate 38 and the cut resin film 19
with the support film 21 are initially loosely attached
to each other to become the provisionally laminated body
(PL1) 46 in which the cut resin film 19 with the support
film 21 is firmly attached by pressure and fixed to the
protruding surface of the substrate 38 so that the cut
resin film 19 with the support film 21 and the substrate
38 are integrated together. It should be noted that the
aforementioned contact lamination process is performed
for the purpose of integrating the aforementioned cut
resin film 19 and the substrate 38 together, and does
not necessarily provide the enclosed space (S) between
the cut resin film 19 and the substrate 38. However,

the contact lamination process may be adapted to provide
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the provisionally laminated body (PL2) (81) including
the enclosed space (S). The provision of the
provisionally laminated body (PL2) (81) in this step
shortens the time required in the end laminated body
forming block 5 to be described later. Also, the
aforementioned cut resin film 19, which has the support
film 21 and is low in conformability and in flexibility,
does not fit the protruding and recessed portions of the
substrate 38 so tightly by the aforementioned contact
lamination process, but is held relatively flat.

The transport film 34 which places thereon and
transports provisionally laminated bodies (PL1) 46 each
subjected to the contact lamination process so that the
substrate 38 and the resin film 20 with the support film
21 are integrated together stops moving temporarily when
the provisionally laminated bodies (PL1) 46 come to over
a cooling plate 57 of a water cooling type, as shown in
FIG. 22. Thus, the provisionally laminated bodies (PL1)
46 are cooled by the coolingplate 57. After the cooling,
the provisionally laminated bodies (PL1l) 46 are sent on
a one-by-one basis to the support film removing block
3 by a SCARA robot not shown. The resin film 20 is
prevented from being stretched and broken during the
removal of the support £film 21 because the aforementioned

provisionally laminated bodies (PL1) 46 are cooled. The
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support film removing block 3 includes a support film
removing device 58. As shown in FIG. 24, this support
film removing device 58 includes an unwind roll 60 for
unwinding a removal tape for adhering to the support film
21 to remove the support film 21, nip rolls t and u and
a take-up roll 61 with a driving device (not shown) for
winding up the support film 21 together with the removal
tape, a pressure roll 62 for bringing the removal tape
into pressure contact with the support film in a
predetermined position, and a suction table 63
horizontally movable by a servomotor—-driven LM actuator
64 and for holding the provisionally laminated body (PL1)
46 under suction. Inthe figure, thereference character
v designates a guide roll for the removal tape.

The aforementioned provisionally laminated body
(PL1) 46 sent to this support film removing device 58
is kept over the cooling plate 57 (with reference to FIG.
22) for a fixed time period. Thus, the resin film 20
of the provisionally laminated body (PL1) 46 is cooled
to be rigidly attached to the substrate 38. Next, as
shown in FIG. 25 which is a plan view of FIG. 24, for
the purpose of removing the support film 21 from the
provisionally laminated body (PL1) 46, a SCARA robot not
shown rotates the provisionally laminated body (PL1l) 46

through 45 degrees to place the provisionally laminated
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body (PL1) 46 onto the suction table 63. The
provisionally laminated body (PL1l) 46 is held under
suction by the suction table 63. Then, the suction table
63 is moved to the position shown in FIG. 24. Then, the
pressure roll 62 is moved downwardly toward the
provisionally laminated body (PL1) 46 on the suction table
63 sothat theremoval tape lyingbetweentheprovisionally
laminated body (PL1) 46 and the pressure roll 62 is in
pressure contact with the support film 21 on the
provisionally laminated body (PL1) 46 surface. With the
pressure contact maintained, the suction table 63 is slid
to the position shown in FIG. 25 by the servomotor—-driven
LM actuator 64. At this time, the nip rolls t and u are
driven so that a length of the removal tape equal to the
distance the suction table 63 is slid is wound up. In
this manner, the support film 21 of the provisionally
laminated body (PL1) 46 is removed together with the
removal tape, sothat aprovisionally laminated body (PL1)
(65) is obtained. 1In FIG. 25, the removal tape being
unwound from the unwind roll 60 and wound on the take-up
roll 61 is not shown. The provisionally laminated body
(PL1) (65) obtained by removing the support film 21 is
returned onto the transport film 34 by the SCARA robot
not shown. Then, the provisionally laminated body (PL1)

(65) is transferred by the transport film 34 to the
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subsequent end laminated body forming block 5.

The end laminated body forming block 5 has the
functionofpressurizingtheprovisionally laminatedbody
(PL1) (65) obtained by removing the support film 21 to
form the end laminated body 36. Like the laminating
apparatuses A and B according to the aforementioned
embodiments, this laminating apparatus C uses the
depressurizing and pressurizing tank 37 capable of
switching between depressurization and pressurization
as the enclosed space forming means for changing the
provisionally laminated body (PL1) (65) into the end
laminated body 36, and similarly changes the
provisionally laminated body (PL1) (65) into the end
laminated body (94). Specifically, intheenclosed space
Z of the aforementioned depressurizing and pressurizing
tank 37, the provisionally laminated body (PL1) (65) is
subjected to depressurization and heating to change in
shape from an initial condition such that the resin film
20 adheres to the protruding portions of the substrate
38 to a condition such that the resin film 20 loosely
fits the uneven shape of the substrate 38 and finally
into a condition such that the entire perimeter of the
edges of the resin film 20 adheres to the peripheral
portionof the surface of the substrate 38. Inthismanner,

the provisionally laminated body (PL1l) (65) is formed
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into an provisionally laminated body (PL2) (82) having
the enclosed space (S) between the resin film 20 and the
substrate 38whichisinadepressurizedconditionsimilar
to that of the enclosed space Z therearound.

Next, the enclosed space Z of the depressurizing
and pressurizing tank 37 is pressurized and heated,
whereby the resin film 20 loosely fitting the protruding
and recessed portions of the substrate 38 in the
provisionally laminated body (PL2) (82) completely fits
the protruding and recessed portions of the substrate
38. Then, the aforementioned heating rigidly attaches
the resin film 20 to the substrate 38, with the resin
film 20 fitting the protruding and recessed portions of
the substrate 38. Thus, the end laminated body (94) is
formed.

According to this laminating apparatus C, a
relatively simple method using the removal tape is used
to remove the support film 21 from the provisionally
laminated body (PL1) 46 because the substrate 38 and the
resin £film 20 of the cut resin £film 19 in the provisionally
laminated body (PL1l) 46 firmly adhere to each other by
the contact lamination process. Also, thecutresinfilm
19 having the support £film 21 is overlaid on the substrate
38 to form the provisionally laminated body (PL1) 46.

Thus, a high degree of planarity maintaining
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characteristic of the support film 21 prevents the resin
film 20 of the cut resin film 19 from becoming wrinkled
toallow the resin film 20 to be overlaid on the substrate
38 while maintaining the planarity. With the resin film
20 of the cut resin film 19 maintaining the planarity
relative tothe substrate 38, the lamination process prior
tothe removal of the support £film21 clamps and integrates
thecutresinfilml9 andthe substrate 38 together. Thus,
after the support film 21 is removed, the resin film 20
is prevented from becoming wrinkled and maintains the
planarity relative to the substrate 38. In this manner,
the resin film 20 free from wrinkles is overlaid on the
substrate 38 to provide the provisionally laminated body
(PL1) (65). This provides the end laminated body (94)
in which the thickness of theresinfilm20 ismore uniform
and in which no microvoids are created between the resin
film 20 and the substrate 38.

The contact laminating device 47 is used in the
support film removing block 3 of the laminating apparatus
C according to the embodiment of the present invention.
Instead of the contact laminating device 47, an apparatus
such as a contact laminating apparatus 77 (FIG. 26) and
a contact laminating apparatus 78 (FIG. 27) and the like
may be used. The use of the contact laminating apparatus

77 provides the provisionally laminated body (PL1) 46



10

15

20

25

69

in which the resin film 20 with the support film 21 and
the substrate 38 are integrated together. Also, the use
of the contact laminating apparatus 78 provides the
provisionally laminated body (PL2) (81) with the support
film 21 in which the space between the resin film 20 and
the substrate 38 is placed under a negative pressure.
The contact laminating apparatuses 77 and 78 are servo
press apparatuses, and are capable of precisely
controlling the spacing between the upper and lower
pressing plates. Thus, the contact laminating
apparatuses 77 and 78 are capable of easily controlling
the thickness of the resin film 20. The contact
laminating apparatuses 77 and 78 may be configured to
perform a pressurizing process in non-contacting
relationship in their own enclosed spaces without moving
the provisionally laminated body (PL1) 46 and the
provisionally laminated body (PL2) (81) from the contact
laminating apparatuses 77 and 78 to other apparatuses
(for example, the depressurizing and pressurizing tank
37 and the like) after the provisionally laminated body
(PL1) 46 is obtained using the contact laminating
apparatus 77 or after the provisionally laminated body
(PL2) (81) is obtained using the contact laminating
apparatus 78. This achieves further shortening of the

manufacturing steps and savings in space for the
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installation of the apparatus, as compared with the
laminating apparatus C.

As shown in FIG. 26, the aforementioned contact
laminating apparatus 77 includes an upper plate portion
85 provided with a rubber 83, and a lower plate portion
86 provided with a rubber 83'. The upper plate portion
85 is provided with an upper heating platen 102 and a
cartridge heater 102', with an upper thermal insulation
material 100 therebetween. The lower plate portion 86
isprovidedwitha lower heatingplaten 103 and a cartridge
heater 103', with a lower thermal insulation material
101 therebetween. The rubbers 83 and 83’ are mounted
to surfaces where the upper and lower heating platens
(102 and 103) are opposed to each other. A frame-shaped
upper vacuum frame 104 having an air exhaust and supply
channel 90 is mounted through a seal material 105 to the
upper plate portion 85. A lower vacuum frame 107 is
mounted through a seal material 106 to the lower plate
portion 86. In the lower vacuum frame 107, a movable
frame 107d havinga sealmaterial 107con its upper surface
is mounted through a lip packing 107b to a fixed frame
107a so that the aforementioned fixed frame 107a is fitted
in the movable frame 107d. Also, the movable frame 107d
is lifted upwardly by a springnot shown. The lower plate

portion 86 is moved upwardly by a joint 84 connected to
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a ball screw driven by a servomotor, so that the upper
vacuum frame 104 and the lower vacuum frame 107 come into
engagement with each other, with the seal material 107c
therebetween, whereby an enclosed space 79 is defined
between the upper plate portion 85 and the lower plate
portion 86. This enclosed space 79 is connected at the
air exhaust and supply channel 90 to a vacuum suction
device not shown (for example, a vacuum suction device,
a vacuum regulator, atmosphere inlet piping, an air
pressurizing device, and the like), whereby a
depressurized condition or a pressurized condition is
created in the enclosed space 79. Thus, after the
provisionally laminated body (PL1) 46 is put into the
aforementioned enclosed space 79 in non-contacting
relationshipwiththe rubber 83 of the upper heatingplaten
102, the enclosed space 79 is depressurized so that the
lower heating platen 103 ismoved upwardly to the position
shown inFIG. 26. Thus, the provisionally laminated body
(PL1) 46 is pressurized in a depressurized condition.
This provides the provisionally laminated body (PL1) 46
in which the resin film 20 with the support film 21 and
the substrate 38 are integrated together. The support
film 21 is removed, as required, from the obtained
provisionally laminated body (PL1l), and pressurization

is done in non-contacting relationship, whereby the end
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laminated body is obtained.

Like the aforementioned contact laminating
apparatus 77, the aforementioned contact laminating
apparatus 78 includes an upper plate portion 88 provided
with the rubber 83, and a lower plate portion 89 provided
with the rubber 83', as shown in FIG. 27. Further, a
pressing portion 87 for rapidly bringing the entire
perimeter of the edges of the cut resin film 19 and the
like into intimate contact with the peripheral portion
of the surface of the substrate 38 is mounted to the lower
surface of the upper plate portion 88. It is preferable
to perform a releasing process such as coating with
fluororesin and the like on a surface of the pressing
portion 87 which contacts the cut resin film 19 and the
like because of the good releasability of the pressing
portion 87 from the cut resin film 19 and the like. The
lower plate portion 89 is moved upwardly by the joint
84 connected to the ball screw driven by the servomotor,
whereby an enclosed space 80 is defined between the upper
plate portion 88 and the lower plate portion 89. The
enclosed space 80 is connected at an air intake and supply
channel 91 to a vacuum suction device not shown (for
example, a vacuum suction device, a vacuum regulator,
atmosphere inlet piping, an air pressurizing device, and

the like), whereby a depressurized condition or a
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pressurized condition is created in the enclosed space
80. Thus, this contact laminating apparatus 78 provides
not only the provisionally laminated body (PL1) 46 in
which the resin film 20 with the support film 21 and the
substrate 38 are integrated together but also the
provisionally laminated body (PL2) (81) with the support
film 21 in which the space between the resin film 20 and
the substrate 38 is placed under a negative pressure.
The support film 21 is removed, as required, from the
obtained provisionally laminated body (PL1) or (PL2),
andpressurizationisdoneinnon-contactingrelationship,
whereby the end laminated body is obtained.

Examples of the removal tape for use in the support
film removing device 58 of the laminating apparatus C
according to the embodiment of the present invention
include a protective film affixed to a silicon wafer in
the step of dicing the wafer to form a thin film and the
like, and a removal tape for use in the removal of a dicing
tape. In particular, SCOTCH polyester tape No. 3305
manufactured by Sumitomo 3M Limited, and an adhesive tape
made of a rubber-based adhesive material such as ELEP
HOLDER ELP BT-315 and the 1like manufactured by Nitto Denko
Corporation are preferably used.

A substrate havingrelatively large protruding and

recessed portions is in particular preferably used as
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the substrate 38 having the protruding and recessed

portions for use in the present invention. Examples of
such a board include an LED board such that l1ight-emitting
elements (LEDs) disposed in predetermined spaced apart
relation and serving as protruding portions 38a (having
a height of approximately 200 pm) are provided on the
insulative board 38b (havinga thickness of approximately
600 pm) made of resin or ceramic and the like as shown
in FIG. 20A, and an LED board such that surface-mount
light-emitting elements (LEDs) are surface-mounted on
the board 38b to serve as the protruding portions 38c
(having a height of approximately 1.35 mm) disposed in
predetermined spaced apart relation (FIG. 20B). In

addition, the substrate 38ispreferablyusedforaprinted
board having a pattern of copper and the like, and a
multiple laminated board for use in a build-up process
such that substrate has relatively small protruding and
recessed portions. Therefore, the laminating apparatus
according to the present invention is effectively used
for the sealing of a semiconductor device on the wafer
level, the protection of a semiconductor chip surface
mounted on an organic board, the sealing of an LED device,
the sealing of a solar cell, the formation of a resist
layer of a board for use in a semiconductor, an LED, an

optical device and a solar cell, and the like.
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A resin composition having properties excellent
in adhesion, insulation, adhesiveness, and hot melt is
suitable for the resin film 20. Examples of such a resin
composition include resin films (resin compositions)
prepared by mixing a stabilizer, a hardener, coloring
matter or dyestuff, a lubricant and the like in a
thermosetting resin, a thermoplastic resin and the like.
Specific examples of the resin composition include
silicone resins, polyimide resins, epoxy resins, acrylic
resins, and compositions prepared by adding wvarious
inorganic fillers to these resins. Examples of the
aforementioned inorganic fillers used herein include
thermally conductive fillers, fillers excellent in
electrical conductivity, coloring agents such as carbon
blacksinadditiontosilica, fine powder silica, alumina,
fluorescent materials such as YAG, and titanium oxide.

The aforementioned resin £film 20 is generally used
by laminating the support film 21 thereto. Examples of
this support film 21 include polyethylene terephthalate
films, polypropylene films, polyvinyl alcohol films, and
saponified ethylene-vinyl acetate copolymer films. An
example of the resin film with the support film for use
in semiconductor light-emitting elements includes the
fluorescent-material-containing silicone resin film 20

(having a thickness of approximately 40 um, for example)
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provided with the support film 21 (having a thickness
of approximately 40 pm, for example) on the back surface
thereof and a cover film 41 (having a thickness of
approximately 30 um, for example) on the front surface
thereof, asshowninFIG. 28. Similarly, adryfilmsolder
resist having a three-layer structure comprised of a
support film, a photosensitive resin composition and a
cover film which is used for the protection of an
interconnecting pattern of the outermost layer of a
printed wiring board may be used. It is only necessary
that the support film is removed from the resin film with
the support film for use in semiconductor light-emitting
elements before the resin film is thermally hardened by
postcure. Thus, the removal of the support film 21 may
be done either beforeor after the lamination to the board.
In the case of the dry film solder resist used for the
protection of an interconnectingpattern of the ocutermost
layer of a printed wiring board, however, the support
film is removed after the lamination to the board for
the purpose of preventing the photosensitive resin
composition from being deposited onto a pattern mask

during exposure using the pattern mask.

EXAMPLES

Inventive examples using a laminating apparatus
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according to the present invention will be described.

Prior to the inventive examples, preparations to
be described next were made. First, boards I to III to
bedescribedbelowwere preparedas the substrate 38 having
protruding and recessed portions. Resin films o and f
with support films were prepared as the resin film 20.
The resin films o and B with the support films were
previously produced by coating elongated strip-shaped
support films having a width of 80 mm with thermosetting
resin compositions o and B, respectively, having a
thickness of 40 pm and a width of 65 mm to be described
below into the form of resin films. The resin films o
and p have a cover film of 80 mm in width, and are wound
around a core tube into a roll in such a manner that the
support films are positioned outside.
<Board I>

A board in which semiconductor light-emitting
elements (gallium nitride) are flip-chip mounted on a
(ceramic) board provided with positive and negative
electrodes having a predetermined conductive pattern
(having a height of 50 um).

This board is of a square configuration with each
side measuring 70 mm, and has a thickness of 600 uym. The
thickness as measured from the surface of the board to

the top of the semiconductor light-emitting elements
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mounted on the conductive pattern is 200 pm. The
aforementioned semiconductor light-emitting elements
mounted are arranged in an array with five rows and five
columns, i.e. a total of 25 semiconductor light-emitting
elements, spaced 1 cm apart from each other.
<Board II>

Surface-mount semiconductor light-emitting
elements (gallium nitride) in the form of a cube having
a width of 5 mm, a depth of 5 mm and a height of 1.35
mm were surface-mounted, in place of the semiconductor
light-emittingelements (galliumnitride) were flip-chip
mountedontheboardI. Theheight fromthe bottomsurface
of the board II to the upper end of the surface-mount
semiconductor light-emitting elements is 2000 um.
<Board III>

Aboardwhichincludesaconductivepatternsimilar
to that of the board I but having a height of 100 um,
and which does not include electronic components mounted
thereon such as the aforementioned semiconductor
light-emitting elements.
<Resin Composition o>

A thermosetting silicone resin composition
containing a fluorescent material.
<Resin Composition B>

A thermosetting photosensitive epoxy acrylic acid
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copolymer resin composition.
<Inventive Example 1>
(End Laminated Body with Board I)

The laminating apparatus A shown in FIG. 1 was used
to laminate the board I and the resin film o together.
The board I is stored in the substrate rack 33. This
substrate rack 33 has four wall surfaces and two open
sides (front and back sides) which are defined by a top
plate, abottomplate and two sideplates. The laminating
apparatus A is designed such that the insertion of a
substrate ejection bar from one (e.g., the front side)
of the open sides into the substrate rack 33 allows the
board I to be ejected toward the opposite open side (e.g.,
the back side). A large number of horizontal ribs are
provided on the inside of the two side plates so as to
accommodate such boards I inmultiple tiers, as indicated
by dotted lines in FIG. 18. With the board I stored in
the substrate rack 33, the opposite ends of the board
I are placed on corresponding ones of the ribs. Then,
theresinfilmaprepared in the formof aroll asmentioned
above was set on the unwind roll 6 of the cutting block
1, and the substraterack 33withtheboardI storedtherein
was set in a predetermined position of the provisionally
laminated body forming block 4. Then, the laminating

apparatus A was put into automatic operation to produce
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an end laminated body.

More specifically, the first step of the automatic
operation of the laminating apparatus A was to perform
a process step in the cutting block 1, thereby providing
the resin film o with the support film (the cut resin
film 19) cut to dimensions of 65 by 75 mm, with the cover
film removed therefrom. Next, the cut resin film 19 was
precured for three minutes in the oven 12 adjusted to
the thermal curing temperature of thermosetting silicone
resin compositions containing a fluorescent material,
and the half cutting device 13 was used to make a half
cut in the cut resin film 19. Then, the support film
removing device 14 was used to remove the support film
from the cut resin film 19, thereby providing the resin
film o having dimensions of 65 by 65 mm. The resin film
o and the board I having the protruding and recessed
portions were joined together so that the barycentric
positions thereof coincided with each other, to form the
provisionally laminated body (PL1) 31. Further, the
aforementioned provisionally laminated body (PL1) 31 was
placed in the depressurizing and pressurizing tank 37
(FIG. 19) including a heating platen the temperature of
which was previously adjusted to one half the thermal
curing temperature of the resin film o, and a condition

in which the pressure in the depressurizing and
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pressurizing tank 37 was reduced (to 50 Pa) was held for
two minutes. This provided the provisionally laminated
body (PL2) (72) including the enclosed space (S) with
a reduced-pressure atmosphere between the board I and
the resin film o of the aforementioned provisionally
laminated body (PL1) 31. After the provisionally
laminated body (PL2) (72) was formed, the atmosphere was
introduced through an opening of the depressurizing and
pressurizing tank 37 into the depressurizing and
pressurizing tank 37. Further, compressed air at 0.3
MPa was introduced into the depressurizing and
pressurizing tank 37. Usingadifference inair pressure
between the enclosed space Z in the depressurizing and
pressurizing tank 37 and the enclosed space (S) in the
provisionally laminated body (PL2) (72), the laminating
process was completed, with the resin film o kept in
intimate contact with the board I of the provisionally
laminated body (PL2) (72), whereby the intended end
laminated body 36 including the board I and the resin
film o was provided.
(End Laminated Body with Board IT)

A similar process was performed except that the
board I was replaced with the board II, whereby the end
laminated body 36 including the board II and the resin

film o was provided.
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<Inventive Example 2>
(End Laminated Body with Board I)
Anendlaminated body was formed inamanner similar
to that in Inventive Example 1 except that the contact
laminating apparatus 78 shown in FIG. 27 was used in place
of the depressurizing and pressurizing tank 37 of the
laminating apparatus A shown in FIG. 1. Specifically,
the provisionally laminated body (PL1l) 31 was initially
formed in a manner similar to that in Inventive Example
1. ©Next, the provisionally laminated body (PL1l) 31 was
placed in the contact laminating device 78 (FIG. 27)
including a heating platen the temperature of which was
previously adjusted to one half the thermal curing
temperature of the resin film o, and the pressure in the
enclosed space 80 of the contact laminating device 78
was reduced (to 50 Pa). Thereafter, with a spacing of
630 pm kept between the pressing portion 87 of an upper
elastic pressing plate and the upper surface of a lower
elastic pressing plate, the periphery of the resin film
awas sealed. Thisprovided the provisionally laminated
body (PL2) (72) including the enclosed space (S8S) with
a reduced-pressure atmosphere between the board I and
the resin film o of the aforementioned provisionally
laminated body (PL1) 31. After the provisionally

laminated body (PL2) (72) was formed, the atmosphere was
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introduced through the air intake and supply channel 91
of the aforementioned contact laminating device 78 into
the enclosed space 80. Further, compressed air was
introduced into the enclosed space 80. Using a
difference in air pressure between the enclosed space
80 in the contact laminating device 78 and the enclosed
space (S) in the provisionally laminated body (PL2), the
process of laminating the resin film o to the board I
was completed, whereby the intended end laminated body
36 including the board I and the resin film o was provided.
(End Laminated Body with Board II)

A similar process was performed except that the
board I was replaced with the board II, whereby the end
laminated body 36 including the board II and the resin
film o was provided.
<Inventive Example 3>
(End Laminated Body with Board I)

The laminating apparatus C shown in FIG. 22 was
used to provide the resin film o with the support film
(the cut resin film 19) cut to dimensions of 65 by 65
mm. This was precured in a manner similar to that in
Inventive Example 1, and the half cut was not made. Then,
the cut resin £film 19 and the board I were joined together
so that the barycentric positions thereof coincided with

eachother, toformtheprovisionally laminated body (PL1)
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46 .

Next, the provisionally laminated body (PL1) 46
was placed in the enclosed space 53 in the contact
laminating device 47 (FIG. 23) including a heating platen
the temperature of which was previously adjusted to one
half the thermal curing temperature of the resin film
o, and the pressures in the enclosed space 53 and in the
gap portion 52 were reduced to 50 Pa. Then, while the
pressure in the enclosed space 53 was kept at the reduced
pressure of 50 Pa, the pressure in the gap portion 52
was brought back to the atmospheric pressure through the
opening channel 54 and the piping connection port 49c
to expand the upper flexible sheet 48 toward the enclosed
space 53. This condition was held for five seconds, so
that theprovisionally laminated body (PL1) 46 was clamped.
This achieved a contact lamination process for rigidly
attaching the resin film o with the support film and
protruding portions of the board I together in the
aforementioned provisionally laminated body (PL1) 46.
The provisionally laminated body (PL1) 46 subjected to
the aforementioned contact lamination process was cooled
down to near room temperature on the cooling plate 57.
Thereafter, the support filmremovingdevice 58 (aremoval
tape or ELEP HOLDER ELP BT-315 manufactured by Nitto Denko

Corporation) was used to remove the support film from
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the provisionally laminated body (PL1) 46, so that the
provisionally laminated body (PL1l) (65) was provided.
The provisionally laminated body (PL1) (65) was placed
in the depressurizing and pressurizing tank 37 (FIG. 19)
including the heating platen the temperature of which
was previously adjusted to one half the thermal curing
temperature of theresinfilma. After the provisionally
laminated body (PL1) (65) wasplacedinthedepressurizing
and pressurizing tank 37, the pressure in the
depressurizing and pressurizing tank 37 was reduced (to
50 Pa) to change the provisionally laminated body (PL1)
(65) into the provisionally laminated body (PL2) (82)
including the enclosed space (S) with a reduced-pressure
atmosphere betweenthe board I andtheresinfilma. After
the provisionally laminated body (PL2) (82) was formed,
compressed air was introduced through the opening of the
depressurizing and pressurizing tank 37 into the
aforementioned depressurizing and pressurizing tank 37.
Using a difference in air pressure between the enclosed
space Z in the depressurizing and pressurizing tank 37
and the enclosed space (S) in the provisionally laminated
body (PL2) (82), the laminating process was completed,
with the resin film o kept in intimate contact with the
board I of the provisionally laminated body (PL2) (82),

whereby the intended end laminated body (94) including
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the board I was provided.
(End Laminated Body with Board IT)

A similar process was performed except that the
board I was replaced with the board II, whereby the end
laminated body (94) including the board II and the resin
film o was provided.
<Inventive Example 4>
(End Laminated Body with Board I)

Anend laminated body was formed in amanner similar
to that in Inventive Example 3 except that the contact
laminating device 77 (FIG. 26) was used in place of the
contact laminating device 47 in the laminating apparatus
C shown in FIG. 22. Specifically, the provisionally
laminated body (PL1) 46 was placed in the enclosed space
79 in the contact laminatingdevice 77 (FIG. 26) including
a heating platen the temperature of which was previously
adjusted to one half the thermal curing temperature of
the resin £film 20, and the pressure in the enclosed space
79 was reduced to 50 Pa. The provisionally laminated
body (PL1l) 46 was clamped, with a spacing of 790 pm kept
betweenthe lower end surface of theupperelasticpressing
plate and the upper surface of the lower elastic pressing
plate. This achieved a contact lamination process for
rigidly attaching the resin film o of the cut resin film

19 and protruding portions of the board I together in
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the aforementioned provisionally laminated body (PL1)
46. Except for these differences, a process similar to
that in Inventive Example 3 was performed to complete
the laminating process, thereby providing the intended
end laminated body (94) including the board I.

(End Laminated Body with Board II)

A similar process was performed except that the
board I was replaced with the board II and that the
provisionally laminated body (PL1) 46 was clamped, with
a spacing of 1990 um kept between the lower end surface
of the upper elastic pressing plate and the upper surface
of the lower elastic pressing plate in the contact
laminating device 77 (FIG. 26), whereby the end laminated
body (94) including the board II and the resin film o
was provided.
<Inventive Example 5>
(End Laminated Body with Board I)

Anend laminated body was formed in amanner similar
to that in Inventive Example 3 except that the contact
laminating device 78 (FIG. 27) was used in place of the
depressurizing andpressurizing tank 37 in the laminating
apparatus C shown in FIG. 22. Specifically, the
provisionally laminated body (PL1l) (65) was placed in
the enclosed space 80 in the contact laminating device

78 (FIG. 27) including the heating platen the temperature
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of which was previously adjusted to one half the thermal
curing temperature of the resin film o, and the pressure
in the enclosed space 80 was reduced to 50 Pa. With a
spacing of 630 pm kept between the lower end surface of
the upper elastic pressing plate and the upper surface
of the lower elastic pressing plate, the periphery of
the resin film o was clamped, whereby the provisionally
laminated body (PL2) (82) including the enclosed space
(S) with a reduced-pressure atmosphere between the board
I and the resin film o of the provisionally laminated
body (PL1) (65) was formed. After the provisionally
laminated body (PL2) (82) was formed in this manner, the
atmosphere was introduced through the air intake and
supply channel 91 of the contact laminating device 78
into the enclosed space 80. Further, compressed air at
0.3 MPa was introduced into the enclosed space 80. Using
a difference in air pressure between the enclosed space
80 in the contact laminating device 78 and the enclosed
space (S) in the provisionally laminated body (PL2) (82),
the process of laminating the board I and the resin film
o together was completed, whereby the intended end
laminated body (94) including the board I was provided.
(End Laminated Body with Board IT)

A similar process was performed except that the

board I was replaced with the board II, whereby the end
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laminated body (94) including the board II and the resin
film o was provided.

<Inventive Example 6>

(End Laminated Body with Board I)

In Inventive Example 3, the pressures in the
enclosed space 53 and in the gap portion 52 in the contact
laminating device 47 were reduced to 50 Pa. Then, while
the pressure in the enclosed space 53 was kept at the
reduced pressure of 50 Pa, the pressure in the gap portion
52 was brought back to the atmospheric pressure and then
increased to 0.2 MPa to expand the upper flexible sheet
48 toward the enclosed space 53. This condition was held
for ten seconds, so that the provisionally laminated body
(PL1) 46 was clamped. This formed the provisionally
laminated body (PL2) (81) in which the resin film o and
the protruding portions of the board I were rigidly
attached together and in which the enclosed space (S)
with a reduced-pressure atmosphere was defined between
the board I and the resin film o, in place of the
provisionally laminated body (PL1) 46 subjected to the
contact lamination process. Except for these
differences, a process similar to that in Inventive
Example 3was performed to complete the laminatingprocess,
thereby providing the intended end laminated body (94)

including the board I.
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(End Laminated Body with Board I1I)

A similar process was performed except that the
board I was replaced with the board II, whereby the end
laminated body (94) including the board II and the resin
film o was provided.
<Inventive Example 7>
(End Laminated Body with Board III)

A process similar to that in Inventive Example 1
was performed to complete the laminating process, except
that the board IITI and the resin film B were used and
that the process of removing the support film was not
performed, whereby the intended end laminated body (93)
including the board III and the resin film p with the
support film was provided.
<Inventive Example 8>
(End Laminated Body with Board III)

A process similar to that in Inventive Example 2
was performed to complete the laminating process, except
that the board III and the resin film B were used and
that the process of removing the support film was not
performed, whereby the intended end laminated body (93)
including the board III and the resin film f with the
support film was provided.
<Inventive Example 9>

(End Laminated Body with Board III)
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A process similar to that in Inventive Example 3
was performed to complete the laminating process, except
that the board III and the resin film p were used and
that the process of removing the support film was not
performed, whereby the intended end laminated body (93)
including the board III and the resin film p with the
support film was provided.
<Inventive Example 10>
(End Laminated Body with Board III)

A process similar to that in Inventive Example 4
was performed to complete the laminating process, except
that the board IIT and the resin film B were used and
that the process of removing the support film was not
performed, whereby the intended end laminated body (93)
including the board III and the resin film p with the
support film was provided.
<Inventive Example 11>
(End Laminated Body with Board III)

A process similar to that in Inventive Example 5
was performed to complete the laminating process, except
that the board III and the resin film p were used and
that the process of removing the support film was not
performed, whereby the intended end laminated body (93)
including the board III and the resin film p with the

support film was provided.
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<Inventive Example 12>
(End Laminated Body with Board III)

A process similar to that in Inventive Example 6
was performed to complete the laminating process, except
that the board IIT and the resin film B were used and
that the process of removing the support film was not
performed, whereby the intended end laminated body (93)
including the board III and the resin film p with the
support film was provided.
<Comparative Example 1>
(End Laminated Body with Board I)

Anend laminated body was formed in amanner similar
to that in Inventive Example 1 except that the contact
laminating device 47 (FIG. 23) was used in place of the
depressurizing and pressurizing tank 37 in the laminating
apparatus A shown in FIG. 1. Specifically, the
provisionally laminated body (PL1) 31 was placed in the
enclosed space 53 in the contact laminating device 47
including the heating platen the temperature of which
was previously adjusted to one half the thermal curing
temperature of the resin film o, and the pressures in
theenclosed space 53 and inthe gapportion 52 were reduced
to 50 Pa. Then, while the pressure in the enclosed space
53 was kept at the reduced pressure of 50 Pa, the pressure

in the gap portion 52 was brought back to the atmospheric
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pressure to expand the upper flexible sheet 48 toward
the enclosed space 53. This condition was held for 20
seconds, so that the provisionally laminated body (PL1)
31 was clamped. The laminating process was completed,
whereby the intended end laminated body including the
board I and the resin film o was provided.

(End Laminated Body with Board II)

A similar process was performed except that the
board I was replaced with the board II, whereby an end
laminated body including the board II and the resin film
o was provided.
<Comparative Example 2>
(End Laminated Body with Board I)

Anend laminated body was formed in amanner similar
to that in Inventive Example 3 except that the contact
laminating device 47 (FIG. 23) was used in place of the
depressurizing andpressurizing tank 37 in the laminating
apparatus C shown in FIG. 22. Specifically, the
provisionally laminated body (PL1) 46 was placed in the
enclosed space 53 in the contact laminating device 47
(FIG. 23) including the heating platen the temperature
of which was previously adjusted to one half the thermal
curing temperature of the resin film o, and the pressures
in the enclosed space 53 and in the gap portion 52 were

reducedto50Pa. Then, whilethepressure intheenclosed
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space 53 was kept at the reduced pressure of 50 Pa, the
pressure in the gap portion 52 was brought back to the
atmospheric pressure to expand the upper flexible sheet
48 toward the enclosed space 53. This condition was held
for five seconds, so that the provisionally laminated
body (PL1) 46 was clamped. This achieved a contact
lamination process for rigidly attaching the resin film
o in the resin film o with the support film and protruding
portions of the board I together in the aforementioned
provisionally laminated body (PL1) 46. The
provisionally laminated body (PL1) 46 subjected to the
aforementionedcontact laminationprocesswas cooleddown
to near room temperature on the cooling plate 57.
Thereafter, the support filmremovingdevice 58 (a removal
tape or ELEP HOLDER ELP BT-315 manufactured by Nitto Denko
Corporation) was used to remove the support film from
the provisionally laminated body (PL1) 46, thereby
providing the provisionally laminated body (PL1) (65).
Thereafter, the provisionally laminated body (PL1) (65)
was placed again in the enclosed space 53 in the contact
laminating device 47 (FIG. 23) including the heating
platen the temperature of which was previously adjusted
to one half the thermal curing temperature of the resin
film o, and the pressures in the enclosed space 53 and

in the gap portion 52 were reduced to 50 Pa. Then, while
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the pressure in the enclosed space 53 was kept at the
reduced pressure of 50 Pa, the pressure in the gap portion
52 was brought back to the atmospheric pressure to expand
the upper flexible sheet 48 toward the enclosed space
53. This condition was held for 20 seconds, so that the
provisionally laminated body (PL1) (65) was clamped. The
laminating process was completed, whereby the intended
end laminated body including the board I and the resin
film o was provided.

(End Laminated Body with Board II)

A similar process was performed except that the
board I was replaced with the board II, whereby an end
laminated body including the board II and the resin film
o was provided.
<Comparative Example 3>
(End Laminated Body with Board I)

A process similar to that in Comparative Example
lwas performedtocomplete the laminating process, except
that the contact laminating device 47 (FIG. 23) expanded
the upper flexible sheet 48 toward the enclosed space
53 for five seconds and thereafter further applied a
pressure of 0.2 MPa to the gap portion 52 to expand the
upper flexible sheet 48 toward the enclosed space 53 for
20 seconds, whereby an intended end laminated body

including the board I and the resin film o was provided.
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(End Laminated Body with Board I1I)

A similar process was performed except that the
board I was replaced with the board II, whereby an end
laminated body including the board II and the resin film
o was provided.
<Comparative Example 4>
(End Laminated Body with Board 1I)

A process similar to that in Comparative Example
lwas performedtocomplete the laminating process, except
that the contact laminating device 47 (FIG. 23) expanded
the upper flexible sheet 48 toward the enclosed space
53 for five seconds and thereafter further applied a
pressure of 0.5 MPa to the gap portion 52 to expand the
upper flexible sheet 48 toward the enclosed space 53 for
20 seconds, whereby an intended end laminated body
including the board I and the resin film o was provided.
(End Laminated Body with Board I1I)

A similar process was performed except that the
board I was replaced with the board II, whereby an end
laminated body including the board II and the resin film
a was provided.
<Comparative Example 5>
(End Laminated Body with Board I)

A process similar to that in Comparative Example

2was performedtocomplete the laminatingprocess, except
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that the contact laminating device 47 (FIG. 23) expanded
the upper flexible sheet 48 toward the enclosed space
53 for five seconds and thereafter further applied a
pressure of 0.2 MPa to the gap portion 52 to expand the
upper flexible sheet 48 toward the enclosed space 53 for
20 seconds, whereby an intended end laminated body
including the board I and the resin film o was provided.
(End Laminated Body with Board II)

A similar process was performed except that the
board I was replaced with the board II, whereby an end
laminated body including the board II and the resin film
o was provided.
<Comparative Example 6>
(End Laminated Body with Board I)

A process similar to that in Comparative Example
2was performed tocomplete the laminatingprocess, except
that the contact laminating device 47 (FIG. 23) expanded
the upper flexible sheet 48 toward the enclosed space
53 for five seconds and thereafter further applied a
pressure of 0.5 MPa to the gap portion 52 to expand the
upper flexible sheet 48 toward the enclosed space 53 for
20 seconds, whereby an intended end laminated body
including the board I and the resin film o was provided.
(End Laminated Body with Board II)

A similar process was performed except that the
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board I was replaced with the board II, whereby an end
laminated body including the board II and the resin film
a was provided.

<Comparative Example 7>

(End Laminated Body with Board III)

A process similar to that in Inventive Example 9
was performed to complete the laminating process, except
that the laminating process was not performed by the
depressurizing and pressurizing tank 37, whereby an
intended end laminated body including the board III and
the resin film B with the support film was provided.
<Comparative Example 8>
(End Laminated Body with Board III)

A process similar to that in Comparative Example
7was performed to complete the laminating process, except
that the length of time that the contact laminating device
47 (FIG. 23) expanded the upper flexible sheet 48 toward
the enclosed space 53 was changed from five seconds to
20 seconds, whereby an intended end laminated body
including the board III and the resin film f with the
support film was provided.
<Comparative Example 9>
(End Laminated Body with Board III)

A process similar to that in Comparative Example

7was performedto complete the laminating process, except
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that the contact laminating device 47 (FIG. 23) expanded
the upper flexible sheet 48 toward the enclosed space
53 for five seconds and thereafter further applied a
pressure of 0.2 MPa to the gap portion 52 to expand the
upper flexible sheet 48 toward the enclosed space 53 for
20 seconds, whereby an intended end laminated body
including the board III and the resin film p with the
support film was provided.

<Comparative Example 10>

(End Laminated Body with Board III)

A process similar to that in Comparative Example
7was performedto complete the laminating process, except
that the contact laminating device 47 (FIG. 23) expanded
the upper flexible sheet 48 toward the enclosed space
53 for five seconds and thereafter further applied a
pressure of 0.5 MPa to the gap portion 52 to expand the
upper flexible sheet 48 toward the enclosed space 53 for
20 seconds, whereby an intended end laminated body
including the board III and the resin film pf with the
support film was provided.

Evaluations of productive capacity,
conformability, and film thickness uniformity were
performed on the end laminated bodies provided in
Inventive Examples 1 to 12 and Comparative Examples 1

to 10 in a manner to be described below. The results
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of the evaluations were listed in Tables 1 and 2 below.
<Productive Capacity>

The evaluations were based on the productive
capacity of accepted products per hour in the following
manner.
40 accepted products or more

21 to 39 accepted products

> O ©

1 to 20 accepted products

X': no accepted products
<Conformability>

The conformabilityofaresinfilmtoaboardhaving
protruding and recessed portions was visually recognized
under a microscope of 100x power, and was evaluated in
the following manner.

O: The resin film completely fills the recessed
portions of the board having the protruding and recessed
portions.

/A : The resin film substantially completely fills
the recessed portions of the board having the protruding
and recessed portions, but a small number of microvoids
are found in some of the recessed portions (or a recessed
surface) of the board having the protruding and recessed
portions.

X : The resin film does not completely f£fill the

recessed portions of the board having the protruding and
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recessed portions, and microvoids remain in the recessed
portions (or a recessed surface) of the board having the
protruding and recessed portions.

<Film Thickness Uniformity>

Each of the end laminated bodies was cut vertically
by a cross section method. The vertical section of each
of theend laminatedbodies was observed under amicroscope
and was evaluated in the following manner.

©: A difference in level between the protruding
and recessed portions of the resin film on the protruding
portions of the board is less than 1 um.

O: A difference in level between the protruding
and recessed portions of the resin film on the protruding
portions of the board is not less than 1 um and is less
than 2 um.

/A : A difference in level between the protruding
and recessed portions of the resin film on the protruding
portions of the board is not less than 2 um and is less
than 3 um.

X: A difference in level between the protruding
and recessed portions of the resin film on the protruding

portions of the board is not less than 3 um.
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Board I Board II
Produc- Film Film
tive Conform— | thickness | Conform- | thickness
capacity ability uni- ability uni-
formity formity
ez | 5 | 0 [ e | o | ©
heapes| © | 0 [ e [ o | ©
hmmes| & | o [ o o | o
hemmes | 6 | 0 | @ | o | e
hemmes| © | o [ o o [ o
hammee| © | o [ o o | o
et x| x [ x| < %
el x| ox [ x| o< %
et < [ < o< [x
et x| ox [ x| < %
el < L ox [T
el < [« o< [x
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<Table 2>

Productive ] ;ff; thickness

capacity Conformability niformity
e 5 o °
Eramnta s B o E
rmis ¢ A o o
ggggiijz% A O ©
éggggi;zi © O O
ﬁzgﬁiijzz O O O
“Example 7 x x O
“Example 8 x x O
“Example 5 x - x
Txampie 10 x O x

Although a specific form in the present invention
has been described in the aforementioned examples, the
aforementioned examples should be considered as merely
illustrative and not restrictive. It is contemplated
that various modifications fallingwithin the equivalent
range of the claims could be made without departing from
the scope of the present invention.

The laminating apparatus according to the present
invention is usable as an apparatus for laminatinga resin
film to a substrate having protruding and recessed

portions inthemanufactureof anelectroniccircuit board
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and a semiconductor device.
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Claims

1. A laminating apparatus for a provisionally
laminated body (PL1) including a substrate having front
and back surfaces at least one of which has protruding
and recessed portions, and one of a first resin film
and a second resin film attached to an uneven surface
of the substrate, the second resin film including a
support film, the laminating apparatus being configured
to form an end laminated body including one of the first
resin film and the second resin film conforming to the
protruding and recessed portions of the substrate, the
laminating apparatus comprising

a laminating mechanism (E1) including:

an enclosed space forming means capable of
receivingtheprovisionally laminatedbody (PL1) therein;
and

a pressure laminating means (Pl) for applying
pressure to the provisionally laminated body (PL1) in
non—-contacting relationship with one of the first resin
film and the second resin filmin an enclosed space formed
by the enclosed space forming means to laminate one of
the first resin film and the second resin film to the
substrate, thereby forming the end laminated body from
the provisionally laminated body (PL1).

2. The laminating apparatus according to claim 1,
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wherein the laminating mechanism (E1) further includes:

a depressurizing means for forming a
provisionally laminatedbody (PL2) fromtheprovisionally
laminated body (PL1) in the enclosed space, the
provisionally laminated body (PL2) having a space placed
under a negative pressure between the substrate and one
of the first resin film and the second resin film; and

a heating means for heating the provisionally
laminated body (PL1) in the enclosed space to seal a
peripheral portion of the resin film and the substrate
to each other.
3. The laminating apparatus according to claim 1 or
2, wherein the laminating mechanism (E1l) includes

a heating means for heating the provisionally
laminated body (PL2) and the end laminated body to cause
the resin film to firmly conform to the substrate during
the formation of the end laminated body from the
provisionally laminated body (PL2) in the enclosed space.
4. The laminating apparatus for the provisionally
laminated body (PL1) according to any one of claims 1
to 3, comprising

the laminating mechanism (E1), and

a laminating mechanism (E2) including:

an enclosed space forming means capable of

receivingtheprovisionally laminatedbody (PL1) therein;
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a depressurizingmeans capable of placing a space
between one of the first resin film and the second resin
film and the substrate of the provisionally laminated
body (PL1) under a negative pressure in the enclosed space
formed by the enclosed space forming means;

a heatingmeans capable of heating one of the first
resin film and the second resin film of the provisionally
laminated body (PL1); and

a pressure laminating means (P2) for laminating
one of the first resin film and the second resin film
of the provisionally laminated body (PL1l) to protruding
portions of the substrate to form a provisionally
laminated body (PL1) including the substrate integrated
with one of the first resin film and the second resin
film.

5. The laminating apparatus for the provisionally
laminated body (PL1l) according to any one of claims 1
to 4, comprising

the laminating mechanism (E1l), and

a laminating mechanism (E3) including:

an enclosed space forming means capable of
receivingtheprovisionally laminatedbody (PL1) therein;

a depressurizingmeans capable of placing a space
between the resin film and the substrate of the

provisionally laminated body (PL1l) under a negative
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pressure in the enclosed space formed by the enclosed
space forming means;

a heating means capable of heating the resin film
of the provisionally laminated body (PL1); and

a pressure laminating means (P3) for laminating
aperipheralportionof theresinfilmoftheprovisionally
laminated body (PL1) to the substrate to form the
provisionally laminated body (PL2).

6. The laminating apparatus according to any one of
claims 1 to 5,

wherein the pressure laminatingmeans (P1l) further
includes a control means for controlling applied
pressure.
7. The laminating apparatus according to any one of
claims 4 to 6, further comprising:

atransportingmechanism (T1l) for transportingthe
provisionally laminated body (PL1) to the laminating
mechanism (E2) or (E3);

a transporting mechanism (T2) for transporting to
thelaminatingmechanism (E1) theprovisionally laminated
body (PL1l) or the provisionally laminated body (PL2)
formed by the laminating mechanism (E2) or (E3) and
configured such that the resin film is laminated to the
protruding portions of the substrate and integrated with

the substrate; and
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atransportingmechanism (T3) for transportingthe
end laminated body formed by the laminating mechanism
(E1) out of the laminating mechanism (E1).

8. The laminating apparatus according to any one of
claims 1 to 7, further comprising

a support film removing means for removing the
support film from the second resin film.

9. The laminating apparatus according to claim 8,
wherein the support film removing means includes
a control means for operating the support film removing
means soO as to remove the support film from one of the
second resin film of the provisionally laminated body
and the second resin film prior to the formation of the
provisionally laminated body.
10. The laminating apparatus according to any one of
claims 1 to 9, further comprising:

a cutting means for cutting one of the first resin
film and the second resin film to a predetermined size;
and

a precuring means for precuring one of the first

resin film and the second resin film.
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