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(57) ABSTRACT

A resin film is released from a supporting substrate without
using light irradiation, with ease, and without damaging the
resin film or the like. Preparation for separating the support-
ing substrate on which the resin film is cohesively formed
into a first part and a second part; and at least one of the first
part and the second part is allowed or caused to move in a
direction parallel to an one surface of the first part while the
first part of the supporting substrate and at least an edge of
the second part facing the first part being moved with respect
to one another, while a close contact between the resin film
and an one surface of the second part of the supporting
substrate being maintained, such that the first part and the
edge of the second part are separated along a perpendicular
direction to the one surface of the first part.

Forming a flexible resin film on a surface S
of a supporting substrate comprising a first part
and a second part

Y

Forming an electronic element on the resin film

S2

Y

Preparing to separate the supporting substrate S3
into the first part and the second part

Y

Allowing or causing at least one of S4
the first part and the second part to move
in a parallel direction while separating the first part
and an edge of the second part facing the first part
in a vertical direction
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FIG. 1

Forming a flexible resin film on a surface
of a supporting substrate comprising a first part
and a second part

\4

Forming an electronic element on the resin film

Y

Preparing to separate the supporting substrate
into the first part and the second part

v

Allowing or causing at least one of
the first part and the second part to move
in a parallel direction while separating the first part
and an edge of the second part facing the first part
in a vertical direction
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METHOD FOR RELEASING RESIN FILM,
METHOD FOR MANUFACTURING
ELECTRONIC DEVICE COMPRISING
FLEXIBLE SUBSTRATE, AND METHOD FOR
MANUFACTURING ORGANIC EL DISPLAY
DEVICE, AND APPARATUS FOR
RELEASING RESIN FILM

TECHNICAL FIELD

[0001] The present invention relates to a method for
releasing a resin film formed on a surface of a supporting
board; a method for manufacturing an electronic device
comprising a flexible substrate and a method for manufac-
turing an organic EL display device; and an apparatus for
releasing resin film to release a resin film from the support-
ing board. More particularly, the present invention relates to
a method for releasing a resin film; a method for manufac-
turing an electronic device comprising a flexible substrate
and a method for manufacturing an organic EL display
device; and an apparatus for releasing resin film, in which
the supporting board is separated into a first part and a
second part, and at least one of the first and second parts is
moved so as to be spaced from each other, and thereby the
resin film can be easily released without harmfully affecting
an electronic element on the resin film.

BACKGROUND ART

[0002] In recent years, there has been a growing need for
electronic devices each having an impact resistance and
flexibility, and electronic devices in which electronic circuits
including electronic elements are formed on a surface of a
resin film which is frequently used. For example, such
devices are applied to a variety of electronic devices includ-
ing displays such as liquid crystal displays or organic EL
display devices, solar batteries, and touch panels. In manu-
facture of these devices, electronic elements, for example,
need to be formed on a flexible substrate, for example, a
resin film, and however, if a part of the flexible substrate is
lifted or curls, the flatness is degraded and the electronic
elements cannot be formed in an accurate location. Thus, the
electronic elements or the like are formed in a state in which
the resin film is brought into intimate contact with a sup-
porting board and are completed and thereafter the resin film
is released from the supporting board. In this case, on the
resin film, the electronic elements and circuits are formed,
therefore, the resin film need to be released without stressing
these elements and circuit. Therefore, conventionally, a
method is used, in which adhesion between the resin film
and the supporting board is made less strong by irradiation
with laser beam or short-wavelength light emitted by a flash
lamp and then the resin film is released.

[0003] However, if irradiation with laser beam is carried
out, depending on the electronic elements formed on the
resin film, features of the electronic elements may be
degraded by the laser beam. Also, in order to release the
resin film by irradiation with laser beam, a large, expensive
irradiation apparatus is required. Accordingly, in an example
disclosed in Patent Document 1, a resin film is formed on an
adhesive layer which is formed only at a peripheral edge of
a supporting board and all over the inside of the adhesive
layer, electronic elements are formed on the resin film and
thereafter only a part of the adhesive layer at the peripheral
edge is irradiated with a laser beam, thereby, the resin film
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is separated and removed. That is, a central part is hardly
adhered, and only the adhesive layer part at the peripheral
edge is irradiated with laser beam, thereby, an adhesive force
is weakened.

[0004] In addition, in the method described in Patent
Document 2, a polyimide film which is formed via a
photo-thermal conversion film made of metal such as
molybdenum on a glass board is released by irradiation of
light emitted by a flash lamp from a side of the glass board.
[0005] Further, in Patent Document 3, a separation layer is
provided at a central part of a supporting board, and on the
separation layer and the supporting board around the sepa-
ration layer, a resin film is directly formed. The resin film is
formed so that an adhesive force between the separation
layer and the supporting board is greater than an adhesive
force between the separation layer and the resin film. The
resin film on the separation layer is released by being cut at
a position on the end surface of the separation layer.

PRIOR ART DOCUMENT
Patent Document
Patent Document 1: JP 2013-135181 A
Patent Document 2: JP 2013-145808 A
Patent Document 3: JP 2013-168445 A

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

[0006] Inthe methods described in Patent Document 1 and
Patent Document 2 each, a light source for light radiation is
required, particularly, in the case of using laser beam, very
expensive equipment is required. In addition, a large-scale
maintenance is required and thus a large amount of main-
tenance costs also occur. Further, light source equipment
stops while in maintenance and thus the backup equipment
may be also required. Furthermore, in the method of Patent
Document 1, an adhesive layer must be formed in a limited
location of a peripheral edge part of a supporting board and
thus it takes long to form the adhesive layer, and further, if
an attempt is made to reuse the supporting board, a part
coming into intimate contact with the supporting board at a
peripheral edge of a resin film must be removed, thus
causing higher costs. In the method of Patent Document 2 as
well, formation of a photo-thermal conversion film irrelative
to operation of an electronic device causes higher costs.

[0007] Inaddition, sequential light irradiation is applied to
each part of the supporting board according to the irradiation
range of the light source, the manufacturing costs increase
and the productivity lowers. If a plurality of light source
equipment is prepared to increase processing capability, a
further larger amount of cost is required, and a large instal-
lation space is also required. Further, the supporting board is
limited to the one having light transmissibility and thus there
is a need to use a glass plate or the like which is compara-
tively hardly reused in place of a metal or the like which is
inexpensive and suitable for reuse. The glass plate has a
problem of being limited on reuse due to changing its color
gradually owing to irradiation with laser beam or the like.
[0008] Inthe method of Patent Document 3, although light
irradiation is not used, an adhesion strength of a separation
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layer with a resin film must be smaller than that with a
supporting board, and therefore, there is a problem that it is
difficult to select material and to make condition for forming
film. In addition, the separation layer is formed only in a
predetermined region and thus there is a problem that the
process is complicated. Further, in a case where the sepa-
ration layer is left in view of reuse of the supporting board,
it is difficult to remove only the resin film of the peripheral
edge.

[0009] As another method in which light irradiation is not
used, for example, it is considered to insert a thin blade-
shaped article into an interface between a resin film and a
supporting board and to merely turn up the resin film from
an end part. However, it is essentially within the scope of
work with high difficulty to insert the blade into the interface
between the resin film and the supporting board or to pinch
the end part of the resin film in order to turn up the film. In
addition, if the resin film formed at the predetermined
adhesive strength is forcibly pulled for release, or alterna-
tively, if the blade or the like is inserted into the interface,
there is a risk that a resin film or electronic device is
damaged.

[0010] The present invention has been made in order to
solve the above-described problem, and an object of the
present invention is to provide a method capable of easily
releasing a resin film from a supporting board without using
light irradiation requiring inexpensive light source equip-
ment and without carrying out the complicated process of
forming the adhesive layer or the separation layer at prede-
termined part and moreover without damaging the resin film
or electronic elements.

[0011] Another object of the present invention is to pro-
vide a method for, using the method for releasing the resin
film, manufacturing an electronic device particularly an
organic EL display device.

[0012] A yet another object of the present invention is to
provide an apparatus for releasing a resin film capable of
releasing a resin film from a supporting substrate without
using light irradiation and without damaging the resin film
or electronic elements.

Means to Solve the Problem

[0013] A method for releasing a resin film according to the
present invention is a method for releasing a resin film
cohesively formed on an one surface of a supporting sub-
strate from the supporting substrate, the method comprising:
a step of preparing to separate the supporting substrate into
a first part and a second part; and a step of allowing or
causing at least one of the first part and the second part to
move in a direction parallel to an one surface of the first part
while moving the first part of the supporting substrate and at
least an edge of the second part facing the first part with
respect 1o one another, while maintaining a close contact
between the resin film and an one surface of the second part
of the supporting substrate, such that the first part and the
edge of the second part are separated along a perpendicular
direction to the one surface of the first part.

[0014] A method for manufacturing an electronic device
having a flexible substrate according to the present invention
comprises: a step of forming a flexible resin film on a surface
of a supporting substrate, the supporting substrate compris-
ing a first part and a second part; a step of forming an
electronic element on the resin film; and a step of releasing
the resin film with the electronic element from the support-
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ing substrate, wherein the resin film is released by the
method according to the method described above.

[0015] A method for manufacturing an organic EL display
device according to the present invention is a method for
manufacturing an organic EL display device comprising
forming an organic EL element on a flexible substrate, the
method comprising: forming the flexible substrate by baking
a liquid resin applied onto a supporting substrate; forming
the organic EL element in a matrix form on the flexible
substrate, the organic EL element comprising TFT; forming
a sealing member for sealing the organic EL element;
preparing to separate the supporting substrate between a first
part and a second part other than the first part, the first part
including a part with the sealing member formed thereon;
and a step of allowing or causing at least one of the first part
and the second part to move in a direction parallel to an one
surface of the first part while moving the first part of the
supporting substrate and at least an edge of the second part
facing the first part with respect to one another, while
maintaining a close contact between the flexible substrate
and an one surface of the second part of the supporting
substrate, such that the first part and the edge of the second
part are separated along a perpendicular direction to the one
surface of the first part.

[0016] An apparatus for releasing a resin film according to
the preset invention comprises: a pinching member for a
second part of a supporting substrate to pinch the whole part
in a widthwise direction of the second part, the supporting
substrate having an one surface with a resin film cohesively
formed thereon and comprising a first part and the second
part; a holding member for the first part to hold the first part,
the holding member restrictively movable in a direction
perpendicular to an one surface of the first part and capable
of moving in a direction parallel to the one surface of the first
part and along a line between the first part and the second
part; and a first driving part to separate the pinching member
for the second part and the holding member for the first part
from each other in the direction perpendicular to the one
surface of the first part while maintaining parallelism
between an edge of the second part facing the first part and
the first part.

Effects of the Invention

[0017] According to a method for releasing a resin film of
the present invention, a supporting substrate is separated
into a first part and a second part, and an edge of the second
part facing the first part is moved with respect to one
another, while maintaining a close contact between the resin
film and an one surface of the second part, such that the first
part and the edge of the second part are separated along a
perpendicular direction. Therefore, the resin film on the first
part is released from the first part with the relative move-
ment. That is, the resin film can be easily released without
requiring light irradiation and without providing an adhesive
layer and moreover without pinching an end part of the resin
film. Also, in conjunction with the relative movement in the
perpendicular direction, at least one of the first part and the
second part is moved in a parallel direction, therefore, a
stress to the resin film or electronic elements caused by the
relative movement in the vertical direction can be reduced.
That is, an expensive light source is not required and thus the
manufacturing costs and the initial costs for the resin film
can be reduced and moreover the resin film with high quality
can be obtained.
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[0018] According to a method for manufacturing an elec-
tronic device having a flexible substrate and a method for
manufacturing an organic EL display device of the present
invention, a flexible substrate on which organic EL elements
or other electronic elements are formed can be easily
released from a supporting substrate without using light
irradiation and applying an excessive stress to the flexible
substrate, the electronic elements, or organic EL elements.
The electronic device and the organic EL display device
both having electronic elements such as the organic EL
elements with high electrical characteristics and having a
flexible substrate can be manufactured at a low cost.
[0019] According to an apparatus for releasing a resin film
of the present invention, a resin film on which electronic
elements are formed can be released from a supporting
substrate without applying an excessive stress to the resin
film or electronic elements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a flowchart showing a method for manu-
facturing an electronic device according to an embodiment
including the step of releasing a resin film by a method for
releasing a resin film according to an embodiment of the
present invention.

[0021] FIG. 2A shows a cross section after the step S1 of
one example of the manufacturing method of FIG. 1.
[0022] FIG. 2B shows a cross section after the step S2 of
one example of the manufacturing method of FIG. 1.
[0023] FIG. 2C is a perspective view showing a state after
the step S2 of one example of the manufacturing method of
FIG. 1.

[0024] FIG. 2D shows a cross section in which a scribe
line is provided in accordance with the step S3 of one
example of the manufacturing method of FIG. 1.

[0025] FIG. 2E is an enlarged view of the scribe line of
FIG. 2D.
[0026] FIG. 2F shows an example in which a second part

is pinched by a pinching member in accordance with the step
S3 of one example of the manufacturing method of FIG. 1.
[0027] FIG. 2G shows a state in which a supporting
substrate has been cut in accordance with the step S3 of one
example of the manufacturing method of FIG. 1.

[0028] FIG. 2H shows a state in which a partial release of
a resin film has occurred at an edge part of a first part in
accordance with the step S4 of one example of the manu-
facturing method of FIG. 1.

[0029] FIG. 2I shows a state in which the first part and an
edge of a second part have moved with respect to one
another from the state of FIG. 2H.

[0030] FIG. 2] shows a state in which the first part and the
edge of the second part have further moved with respect to
one another from the state of FIG. 2I.

[0031] FIG. 2K shows a state in which the first part and the
edge of the second part have further moved with respect to
one another from the state of FIG. 2], and a resin film has
been completely released from the first part.

[0032] FIG. 3A shows another example of the scribe line
of FIG. 2E.
[0033] FIG. 3B shows yet another example of the scribe

line of FIG. 2E.

[0034] FIG. 4A shows a state in which a partial release of
the resin film has occurred at the edge part of the first part
in accordance with the step S4 of another example of the
manufacturing method of FIG. 1.
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[0035] FIG. 4B shows a state in which the first part and the
edge of the second part have moved with respect to one
another from the state of FIG. 4A.

[0036] FIG. 4C shows a state in which the first part and the
edge of the second part have further moved with respect to
one another from the state of FIG. 4B, and the resin film has
been completely released from the first part.

[0037] FIG. 5 shows an example in which electronic
elements are formed in a plurality of regions in the manu-
facturing method of FIG. 1.

[0038] FIG. 6A shows another example of a supporting
substrate in the manufacturing method of FIG. 1.

[0039] FIG. 6B shows a state after the preparation for
separation of the supporting substrate in FIG. 6A.

[0040] FIG. 7A shows another example of the step S3 of
the manufacturing method of FIG. 1.

[0041] FIG. 7B shows another example of the step shown
in FIG. 2H.

[0042] FIG. 8 shows an example of the step of applying a
resin material.

[0043] FIG. 9 shows a state in which an organic layer has
been formed in each subsidiary pixel in a part of the steps of
manufacturing an organic EL device.

[0044] FIG. 10 shows an overview of an apparatus for
releasing a resin film according to an embodiment of the
present invention.

EMBODIMENT FOR CARRYING OUT THE
INVENTION

[0045] Next, with reference to the drawings, a method for
releasing a resin film of the present invention; a method for
manufacturing an electronic device having a flexible sub-
strate of the present invention; and a method for manufac-
turing an organic EL display device of the present invention
will be described. In FIG. 1, there is shown a flowchart of
a method for manufacturing an electronic device having a
flexible substrate according to an embodiment of the present
invention, including the steps of releasing a resin film in
accordance with an embodiment of the method for releasing
the resin film of the present invention. Also, in FIG. 2A to
FIG. 2K, a state or the like of the resin film in each step is
shown.

[0046] In the method for manufacturing the electronic
device having the flexible substrate according to the present
invention, as shown in FIG. 2A, a flexible resin film 11 is
formed on a surface of a supporting substrate 2 having a first
part 21 and a second part 22 (S1). Next, as shown in FIG.
2B and FIG. 2C, an electronic element 12 is formed on the
resin film 11 (S2). In the present embodiment, the supporting
substrate 2, in the steps of FIG. 2A to FIG. 2D, is not
physically separated into the first part 21 and the second part
22 yet, and is established in an integrated state. Therefore,
the terms “first part 21” and “second part 227, in this stage,
respectively means parts which are to be a “first part 21 and
a “second part 22”. Next, as shown in FIG. 2D to FIG. 2G,
the supporting substrate 2 is prepared to be separated into the
first part 21 and the second part 22 (S3). The preparation for
the separation means that the supporting member is made
easily separable condition into the first part 21 and the
second part 22. Afterwards, as shown in FIG. 2H to FIG. 2K,
while maintaining a close contact between the resin film 11
and an one surface of the second part 22 of the supporting
substrate 2, the first part 21 of the supporting substrate 2 and
at least an edge 22 of the second part 22 facing the first part
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21 are moved with respect to one another so as to be
separated along a perpendicular direction to an one surface
21a of the first part 21 (the direction indicated with a
reference “Ve” in each drawing, hereinafter, referred to as a
“vertical direction Ve” or simply referred to as a “vertical
direction”). In conjunction with the relative movement, at
least one of the first part 21 and the second part 22 is allowed
or caused to move in a direction parallel to the one surface
21a of the first part 21 and along a line between the first part
21 and the second part 22 (the direction indicated with
reference “Pa” in each figure and hereinafter, referred to as
a “parallel direction Pa” or simply referred to as a “parallel
direction”) (S4). Consequently, as shown in FIG. 2K, the
resin film 11 is completely released from the first part 21 of
the supporting substrate 2, and an electronic device 1 having
the flexible substrate including the resin film 11 can be
obtained.

[0047] The term “be allowed to move” means that when
the first part 21 and the edge 22a of the second part 22 are
relatively moved so as to be separated from each other in the
vertical direction Ve, by way of action of a force in the
parallel direction generated between the first part 21 and the
second part 22 in accordance with the relative movement,
one of or both of the first part and the second part are moved
without being prevented from moving in the parallel direc-
tion Pa. For example, it is exemplified that at least one of the
first part 21 and the second part 22 is supported by a
supporting member or the like capable of freely moving in
the parallel direction Pa and then the supporting member or
the like is freely moved in the parallel direction Pa in
conjunction with the relative movement between the first
part 21 and the edge 22a of the second part 22 to be
separated in the vertical direction. Also, the term “be caused
to move” means that either one or both of the first part 21
and the second part 22 are moved by applying an external
force which acts in the parallel direction apart from the free
movement. For example, it is exemplified that at least one of
the first part 21 and the second part 22 is moved in the
parallel direction Pa by applying an external force to the
supporting member or the like described above apart from
the force that acts in the parallel direction by the relative
movement between the first part 21 and the edge 22a of the
second part 22 to be separated in the vertical direction Ve.

[0048] In addition, the term “relative movement” means
that either one of two moving objects may be moved, and
both of them may be moved in each direction different from
one another unless particularly specified. Further, an expres-
sion “while maintaining a close contact between the resin
film 11 and an one surface of the second part 22 of the
supporting substrate 2” means that although it is preferable
that the resin film 11 closely contacts with the surface from
one end to the other end in the widthwise direction thereof,
it is sufficient if the resin film 11 is held on the second part
22 in the widthwise direction to an extent such that a
substantially even releasing force is applied to the resin film
11 from one end to the other end in the widthwise direction
of the resin film 11 when the first part 21 and the second part
22 are separated. In that case, a part of the resin film 11 in
the widthwise direction may be separated from the second
part 22.

[0049] The step S3 and the step S4 of FIG. 1 show a
method for releasing a resin film according to an embodi-
ment of the present invention. Also, in a method for manu-
facturing an organic EL display device according to an
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embodiment of the present invention, a resin film to be
formed in the step S1 of FIG. 1 can be a flexible substrate,
and in the step S2, as an electronic element, an organic EL
element including TFT (thin film transistor) is formed in a
matrix form.

[0050] According to the method for releasing the resin
film according to the embodiment of the present invention,
the first part 21 and the edge 22a of the second part 22 of the
supporting substrate 2 are moved with respect to one another
so as to be separated from one another in the vertical
direction Ve, whereby the resin film 11 on the first part 21 is
pulled towards the second part 22, and as shown in FIG. 2H,
a partial separation 11a occurs with the resin film 11 at an
edge of the first part 21 facing the second part 22. That is,
a released part can be easily generated without pinching and
pulling an end part of the resin film 11. A start point such as
the separation 1la occurs, thereby making it possible to
release another part of the resin film 11 on the first part 21
from the separation 11a with a comparatively weak force.
Also, an end part on the side of the already released part of
the resin film 11 is held on the second part 22 and thus, by
separating the edge 22a of the second part 22 from the
surface 21a of the first part 21, tension (releasing force) can
be applied to an unreleased part of the resin film 11 sub-
stantially uniformly in the widthwise direction (which is a
perpendicular direction to the direction along which the
resin film 11 is to be released and is the depth direction, in
FIG. 2H, which is perpendicular to the vertical direction Ve
and to the parallel direction Pa). In this manner, the resin
film 11 on the first part 21 can be gradually released easily
from the first part 21 without forcibly pulling and damaging
the resin film 11.

[0051] In addition, in the present embodiment, in conjunc-
tion with separating the first part 21 and the edge 22a of the
second part 22 in the vertical direction Ve, at least one of the
first part 21 and the second part 22 is allowed or caused to
move in the parallel direction, therefore, a stress caused by
a force applied to the resin film 11 and the electronic element
12 in conjunction with the separation in the vertical direction
Ve can be further reduced. That is, according to the method
for releasing the resin film of the present embodiment, the
resin film 11 can be easily released from the supporting
substrate 2 without causing degradation of characteristics of
the electronic element and without damaging the resin film
11 or the electronic element 12. Expensive light source
equipment is not required and thus the manufacturing costs
of the resin film 11 can be reduced, also, the initial costs and
the maintenance costs for manufacturing the resin film 11
can be remarkably reduced.

[0052] In addition, in a method for manufacturing an
electronic device having a flexible substrate and a method
for manufacturing an organic EL display device according to
an embodiment of the present invention, a resin film (flex-
ible substrate) is released from a supporting substrate using
the method for releasing the resin film according to the
embodiment of the present invention, therefore, the resin
film can be released without using light irradiation and
without applying an excessive stress to the flexible substrate,
the electronic element, or the organic EL element. A method
for releasing a resin film of the embodiment of the present
invention will be described below in further detail.

[0053] First, referring to FIG. 2B to FIG. 2K, one example
of a method for releasing a resin film of the present embodi-
ment will be described. In the method for releasing the resin
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film of the present embodiment, a resin film 11 which is
cohesively formed on an one surface of a supporting sub-
strate 2 is released from the supporting substrate 2. In the
example of FIG. 2B and FIG. 2C, an electronic element 12
is formed on the resin film 11. The material for the support-
ing substrate 2 is not limited in particular as long as it has
rigidity capable of supporting the resin film 11 having
flexibility to an extent such that there is no problem with the
steps of forming the resin film 11 or the electronic element
12. For example, a glass plate, a ceramic substrate, a metal
plate, and a semiconductor substrate or the like are exem-
plified. Particularly, in the method for releasing the resin film
of the present embodiment, transparency is not required
because light irradiation is not used. Here, the ceramic
substrate, in a broad sense, generally designates a sintered
body which is obtained by burning inorganic material to
harden in a plate-like shape, and as a practical one, a
substrate made of, for example, alumina (A1,0,) or sapphire
which is one kind of alumina is exemplified. Also, a nitride
semiconductor such as GaN is included in the semiconduc-
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cross mark (x) indicates yield of less than 90%. In study of
the durability in the manufacturing steps, a sample in which
a release was observed at an edge of the resin film 11 during
the steps was judged bad. In study of the easiness of release,
judgement was made based on whether the characteristics of
the TFT substrate for organic EL display device are good or
not from the viewpoint of the fact that if the film cannot be
easily released, an excessive stress is applied to the elec-
tronic element. Understanding from the result shown in
Table 1 is that it is preferable to adjust the adhesion strength
to 0.1 N/10 mm or more and 1.0 N/10 mm or less, more
preferably 0.15 N/10 mm or more and 0.4N/10 mm or less,
at the 90° peeling strength in the method of JIS Z 0237. A
method for adjusting the adhesion strength of the resin film
11 will be described below. However, in the present embodi-
ment, the adhesion strength of the resin film 11 is not limited
to these values. In addition, the method for releasing the
resin film of the present embodiment is applicable to the
resin film that is separately formed in a film form and
bonded on the supporting substrate 2.

TABLE 1

Adhesion strength (N/10 mm)

0.05 0.1 015 02 03 04 05 0.6 07 08 09 1.0 1.1 1.2

Durability in

X O @ 0 @ @ @ @ @ @ ¢ @ @ @

manufacturing steps

Easiness of
release

® & @ ® ® ® O 0 0O 0 0 0O X X

tor substrate. In a case where an organic EL element is
formed on the resin film, at the time of forming TFT or the
like, a heating process of the order of 500° C. is carried out
and thus a glass plate or a ceramic substrate is preferable as
the supporting substrate 2 from the viewpoint of thermal
resistance or coeflicient of thermal expansion, however, in
the case of an electronic element that can be formed through
a comparatively low temperature process, it is possible to
use a metal plate or the like.

[0054] The resin film 11, for example, as described below,
is formed by baking a liquid resin material applied on an one
surface of the supporting substrate 2, and the adhesion
strength between the resin film 11 and the supporting
substrate 2 is important. Namely, when the first part 21 and
the second part 22 described above are separated in the
vertical direction, first, the resin film 11 is partially released
from the first part 21. The force required for separating the
first part 21 and the second part 22 depends on the adhesion
strength between the resin film 11 and the supporting
substrate 2. If the adhesion strength is too large, a large
tension is required for releasing the resin film 11, and the
film cannot be easily released and there is a risk that the
electronic element 12 is adversely affected by the stress
caused by this force. Alternatively, if the adhesion force is
too small, there is a risk that the resin film 11 is released
from the supporting substrate 2 in the manufacturing steps
of, for example, forming the electronic element 12.

[0055] The inventors studied the durability in the manu-
facturing steps and easiness of release with 100 samples
every adhesion strength while changing the adhesion
strength variously. The result is shown in Table 1. In Table
1, double circle (@) indicates “very good” (yield: 100%),
single circle (0) indicates “good” (yield: 95% or more), and

[0056] A material for the resin film 11 needs to be a
material which is durable at a temperature 500° C. for
example, in a case where the electronic element 12 that is
formed on the resin film 11 includes TFT or the like. In
addition, it is preferable that the coeflicient of thermal
expansion is as close to that of the supporting substrate 2 as
possible. From this point of view, polyimide is preferable.
Polyimide can be adjusted on the coefficient of thermal
expansion by baking condition and can be adjusted on the
adhesion strength with the supporting substrate 2, therefore,
it is possible to make it easy to release resin film 11 from the
supporting substrate 2. As the material for the resin film 11,
apart from polyimide, for example, transparent polyimide,
PEN, PET, COP, COC, PC or the like can be used.

[0057] The electronic element 12 is appropriately formed
according to an intended electronic device having a flexible
substrate. A method for forming the electronic element 12
will be described below, focusing on an example of forming
an organic EL element.

[0058] In the method for releasing the resin film of the
present embodiment, first, preparation for separating the
supporting substrate 2 into the first part 21 and the second
part 22 is carried out. As shown in FIG. 2C, the supporting
substrate 2 having a rectangular shape is separated into the
first part 21 occupying a main region including the elec-
tronic element 12 and the second part 22 consisting of a
region other than the first part 21 at a boundary B1 along an
edge of the outer circumference in an outer circumferential
part at which the electronic element 12 is not formed.
Therefore, although in the present embodiment, the elec-
tronic element 12 is not formed on the second part 22, the
boundary between the first part 21 and the second part 22 is
not limited to the location shown in FIG. 2C, and as
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described below, the first part 21 and the second part 22 may
have a same size, and the electronic element 12 may be
formed on the second part 22.

[0059] 1In a case where a glass plate formed integrally is
used for the supporting substrate 2, in the preparation for
separating the supporting substrate 2 into the first part 21 and
the second part 22, the supporting substrate (glass plate) 2 is
cut. For example, first, as shown in FIG. 2D, the scribe line
23 is formed to the boundary part between the first part 21
and the second part 22 from a back surface of the supporting
substrate 2 (an opposite surface to a surface on which the
resin film 11 is formed). For example, by using a glass cutter
having a blade tip made of an ultra-hard material or a
material including a diamond, as shown in FIG. 2E, a
groove-shaped scribe line 23 is formed. It is preferable to
form the scribe line 23 as deeply as possible in the thickness
direction of the glass plate 2 using a highly permeable glass
cutter so that cutting of the glass plate 2 is made easy. For
example, if the glass plate has a thickness of the order of 0.5
mm, it is preferable to form the scribe line 23 up to a depth
of 50% or more and 90% or less of the thickness of the glass
plate. However, if there is no risk that the blade tip of the
glass cutter or the like gets into the resin film 11, the scribe
line 23 may be formed so as to penetrate the glass plate 2
(refer to FIG. 3A). Conversely, in a case where the resin film
11 is adversely affected, as long as the glass plate can be cut,
the scribe line may be formed up to a depth of less than 50%
of the thickness of the glass plate 2 so as not to reach the
resin film 11 even if the permeability in the thickness
direction varies (refer to FIG. 3B).

[0060] Next, the glass plate 2 is cut along the scribe line
23. For example, as shown in FIG. 2F, the second part 22 and
the resin film 11 are pinched by the pinching member 3 so
that the resin film 11 on the second part 22 is held on an one
surface of the second part 22, and as shown in FIG. 2G, the
second part 22 is tilted with respect to the first part 21 such
that an opening of the groove-shaped scribe line 23 broad-
ens. For example, the pinching member 3 may be moved
such that the opening of the scribe line 23 broadens while the
first part 21 is fixed, or the force in a direction of pressing
from the side of the resin film 11 towards the scribe line 23
may be applied to the boundary part between the first part 21
and the second part 22. In this manner, the supporting
substrate 2 is cut and separated into the first part 21 and the
second part 22, and the preparation for separating the
supporting substrate 2 into the first part 21 and the second
part 22 completes. The preparation for separating the sub-
strate into the first part 21 and the second part 22 may be
carried out subsequently to forming the resin film 11 or prior
to forming the electronic element 12. In a case where a
substrate made of a comparatively hard and low toughness
material such as a ceramic substrate or a semiconductor
substrate is used as the supporting substrate 2, preparation
for separating can be also carried out by the method illus-
trated in FIG. 2D and FIG. 2E.

[0061] The pinching member 3 preferably has a pinching
part 31 that pinches the whole part in a widthwise direction
of the second part 22 of the supporting substrate 2 and the
resin film 11 via a buffer part 32, and the pinching part 31
is fixed to a driving part which can be moved upward and
downward, which is not shown. This upward and downward
movement may be a movement along a vertical direction or
may be a movement in an oblique direction. That is, it is
sufficient as long as the movement includes a component in
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the vertical direction. The pinching member 3 is also formed
so as to be able to rotate the pinching part 31 about a
supporting shaft 33. Consequently, the second part 22
pinched by the pinching part 31 can rotate about the sup-
porting shaft 33.

[0062] Next, as shown in FIG. 2H to FIG. 2K, the resin
film 11 is gradually released from an one surface 21a of the
first part 21. In the present embodiment, first, as shown in
FIG. 2H, the first part 21 and the edge 22a of the second part
22 are moved with respect to one another while maintaining
a close contact between the resin film 11 and an one surface
of the second part 22, and the one surface 214 of the first part
21 and the edge 22a of the second part 22 are separated at
a predetermined distance. In the example shown in FIG. 2H,
either one or both of the first part 21 and the second part 22
are moved along a direction in which these two parts are
separated along the vertical direction Ve. In this manner, a
partial release 11a occurs with the resin film 11 on the first
part 21 in the vicinity of the boundary with the second part
22. In addition, the second part 22 tilts with respect to the
first part 21 by 6. The already released part of the resin film
11 tenses without bending or slackening from the second
part 22 to the first part 21 and thus, as in the second part 22,
this released part forms an angle of 8, relative to the one
surface 21a of the first part 21.

[0063] The first part 21 and the second part 22 are moved
with respect to one another in a direction in which these two
parts overlap in a plan view in the parallel direction Pa.
Preferably, the first part 21 and/or the second pat 22 arefis
allowed or caused to move so that stretching or slackness
does not occur with the already released part of the resin film
11. For example, the first part 21 and/or the second part 22
are/is moved with respect to one another along the parallel
direction Pa by a distance D, according to a distance of
relative movement in the vertical direction Ve, so that a
length L1 of the already released part of the resin film 11 and
a length L2 of a part of the first part 21 exposed by the
release of the resin film 11 are equal to each other. By such
free movement or forcible movement, the stress to the resin
film 11 by the relative movement in the vertical direction Ve
of the first part 21 and the second part 22 is reduced.

[0064] Subsequently, as shown in FIG. 2I to FIG. 2K, in
a state in which the resin film 11 comes into contact with the
one surface of the second part 22, the first part 21 and the
edge 22a of the second part 22 are gradually moved with
respect to one another so that the first part 21 and the edge
22a of the second part 22 are further separated in the vertical
direction Ve. In the example of FIG. 21 to FIG. 2K, this
relative movement is gradually carried out by rotating the
supporting shaft 33 of the pinching member 3. The support-
ing shaft 33 is parallel to the edge 22a of the second part 22
(parallel in the widthwise direction) and is provided opposite
to the first part 21 relative to the edge 22a. By rotating the
supporting shaft 33, the edge 22a of the second part 22 can
be rotated about the supporting shaft 33, and in particular, by
rotating the shaft in the direction indicated by reference C in
the figures, the edge 22a of the second part 22 can be
gradually separated from the one surface 21a of the first part
21 in the vertical direction Ve. In this manner, the resin film
11 on the first part 21 is pulled towards the second part 22,
is gradually released from the one surface 21a of the first
part 21, and finally is completely released from the first part
21, as shown in FIG. 2K.
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[0065] In addition, with the rotation of the edge 22a of the
second part 22, an angle of inclination of the second part 22
relative to the one surface 21a of the first part 21 decreases.
In the example of FIG. 2I to FIG. 2K, the already released
part, from the first part 21, of the resin film 11 tenses without
bending or slackening between the one surface 21a of the
first part 21 and the second part 22. Thus, the angle between
the already released part of the resin film 11 and the one
surface 21a of the first part 21 also gradually decreases from
8, shown in FIG. 2H to 8, 8,, and 6, respectively shown in
FIG. 21 to FIG. 2K sequentially in conjunction with rota-
tional movement of the edge 224 of the second part 22.

[0066] In the steps shown in FIG. 2I to FIG. 2K also, at
least one of the first part 21 and the second part 22 is allowed
or caused to move in the parallel direction Pa while the one
surface 21a of the first part 21 and the edge 22a of the
second part 22 are relatively moved so as to be separated in
the vertical direction Ve. That is, the edge 22a of the second
part 22 and an end part of 116 of an unreleased part, from
the first part 21, of the resin film 11 (hereinafter, simply
referred to as an “end part 115 of the unreleased part”) are
freely moved or forcibly moved in a direction in which these
two parts approach or separate from each other in a plan
view. This action will be described referring to FIG. 21 and
FIG. 2.

[0067] When the one surface 21a of the first part 21 and
the edge 22a of the second part 22 are separated in the
vertical direction Ve, a tension T (refer to FIG. 2J) acts on
the end part 115 of the unreleased part in the direction along
the already released part of the resin film 11. The tension T
can be decomposed into a parallel component Tp along the
parallel direction Pa and a vertical component Tv along the
vertical direction Ve according to an angle 6, between the
already released part of the resin film 11 and the one surface
21a of the first part 21. It is considered that the vertical
component Tv mainly contributes to release of the resin film
11. Therefore, in virtue of moving at least one of the first part
21 and the second part 22 in the direction in which the edge
22a of the second part 22 and the end part 115 of the
unreleased part approach each other in a plan view, the
vertical component Tv can be appropriately maintained and
the resin film 11 can be thereby released while the tension T
is weakened and the stress to the resin film 11 is reduced.

[0068] In addition, in a case where the resin film 11 is
comparatively hard, it is considered that the second part 22
rotates, and a force F (refer to FIG. 21I) thereby acts on the
unreleased part 115 in a direction according to the direction
of rotation of the second part 22. It is considered that in the
early period of the release at which the length of the already
released part of the resin film 11 still short and the angle 61
between the part and to the one surface 21a of the first part
21 is large, the force F is comparatively large. And the force
F can be also decomposed into the parallel component Fp
and the vertical component Fv. Therefore, it is considered
that when the force F is comparatively large, by moving at
least one of the first part 21 and the second part 22 in a
direction in which the edge 224 of the second part 22 and the
end part 115 of the unreleased part are separated in a plan
view, the stress to the resin film 11 can be reduced. However,
as long as the stress to the resin film 11 or the electronic
element 12 is not excessive, a release of the resin film may
be furthered by moving at least one of the first part 21 and
the second part 22 in a direction in which the tension T of
FIG. 21 or the force F of FIG. 2I is strengthened.
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[0069] After the resin film 11 has been completely
released from the first part 21, the resin film 11 can be easily
released from the edge 22a of the second pat 22 merely by
clamping the released part, from the first part 21, of the resin
film 11 and then releasing the second part 22 pinched by the
pinching member 3. This is because a release has already
occurred between the second part 22 and the resin film 11
through the releasing steps from the first part 21. Alterna-
tively, in a case where a part of the resin 11 on the second
part 22 is a mere marginal part, the resin film 11 may be cut
in the vicinity of the edge 22a of the second part 22.
[0070] In the present embodiment, by rotating the second
part 22, the one surface 21a of the first part 21 and the edge
22a of the second part 22 are gradually separated in the
vertical direction Ve. Thus, a distance by which the first part
21 and/or the second part 22 are/is moved in the vertical
direction Ve is reduced, and in connection with that, a
movement distance along the parallel Pa is also reduced.
Therefore, when a releasing apparatus of the resin film is
fabricated, the apparatus can be made so as to have a
comparatively small dimension which is appropriate to the
size of the supporting substrate 2.

[0071] Next, another example of the method for releasing
the resin film of the present embodiment will be described
referring to FIG. 4A to F1G. 4C. The example shown in FIG.
4A to FIG. 4C are different from the example shown in FIG.
2A to FIG. 2K in that the first part 21 and the edge 22a of
the second part 22 are separated in the vertical direction Ve,
not by rotating the edge 224, but by moving the end edge
22a and the one surface 21a of the first part 21 in the vertical
direction Ve with respect to one another. In the following
description, descriptive matters which are similar to those of
FIG. 2A to FIG. 2K are omitted.

[0072] As shown in FIG. 4A, first, the steps that are
similar to those of FIG. 2A to FIG. 2H are carried out to
thereby cause a partial release 11a to occur with the resin
film 11 on the first part 21. The second part 22 tilts with
respect to the first part 21 by 6. The resin film 11 tenses
without bending or slackening from the second part 22 to the
first part 21 and thus the already released part, from the first
part 21, of the resin film 11 forms an angle 0 relative to the
one surface 21a of the first part 21.

[0073] Subsequently. as shown in FIG. 4B, the first part 21
and the second part 22 are further gradually moved in a
direction in which these parts are separated along the
vertical direction Ve. In this manner, the one surface 21a of
the first part 21 and the edge 22a of the second part 22 are
gradually separated in the vertical direction Ve, and as
shown in FIG. 4C, finally, the resin film 11 is completely
released from the first part 21. The steps of FIG. 4A may be
a part of a series of operation of relatively moving the first
part 21 and the second part 22 from the state similar to that
in FIG. 21 until the resin film 11 are completely released
from the first part 21.

[0074] As shown in FIG. 4A to FIG. 4C, in the present
example, at least one of the first part 21 and the second part
22 is allowed or caused to move in a direction in which the
first part 21 and the second part 22 overlap in a plan view
along the parallel direction Pa while the one surface 21a of
the first part 21 and the edge 22a of the second part 22 are
moved with respect to one another so as to be separated in
the vertical direction Ve. That is, the edge 22a of the second
part 22 and the end part 115 of the unreleased part of the
resin film 11 are moved in a direction in which they
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approach each other in a plan view. In this manner, as in the
description described above referring to FIG. 2], the stress
caused by the tension acting in connection with the separa-
tion between the one surface 21a of the first part 21 and the
edge 22a of the second part 22 can be reduced.

[0075] Inthe example of FIG. 4A and FIG. 4B, the already
released part, from the first part 21, of the resin film 11 tenses
without slackening or bending between a part contacting
closely with the first part 21 and the edge 224 of the second
part 22, and an angle between the already released part and
the one surface 21a of the first part 21 is maintained to be
substantially constant by 6. The angle 6 is appropriately
selected so that the vertical component Tv and the parallel
component Tp of the tension T (refer to FIG. 4B) has an
appropriate strength according to the adhesion strength or
tensile strength of the resin film 11. When the adhesion
strength of the resin film 11 is adjusted to the value described
above, the angle 6 is of the order of 10° or more and 45° or
less, and preferably is of the order of 15° or more and 30°
or less. It is preferable to move at least one of the first part
21 and the second part 22 along the parallel direction Pa so
that the angle 6 is maintained to be constant. Specifically, it
is preferable to move at least one of the first part 21 and the
second part 22 distance of d*tan (6/2) in the parallel
direction Pa for every distance of separation d in vertical
direction Ve. However, as in the example of FIG. 4A to FIG.
4C, even when the one surface 21a of the first part 21 and
the edge 22a of the second part 22 are moved with respect
to one another in the vertical direction Ve, the angle between
the released part of the resin film 11 and the one surface 21a
of the first part 21 may be changed.

[0076] In another example of the present invention shown
in FIG. 4A to FIG. 4C, the one surface 21a of the first part
21 and the edge 22a of the second part 22 are separated in
the vertical direction by way of relative movement in the
vertical direction between the first part 21 and the second
part 22, that is a similar operation to the step shown in FIG.
2H, unlike the one example of the present embodiment
mentioned above in which the second part 22 is rotated.
Thus, when a releasing apparatus of the resin film 11 is
fabricated, the apparatus can be configured with a simple
structure.

[0077] Although in the one and the another examples of
the present embodiment described above, the surface 214 of
the first part 21 and the edge 22a of the second part 22 are
separated in the vertical direction by way of rotational
movement of the edge 22a of the second part 22 or linear
movement of the edge 224 in the vertical direction, the
present embodiment is not limited thereto as long as the
movement has a component in the vertical direction. For
example, the movement may be a movement in an oblique
direction, for example. In addition, as mentioned above, the
first part 21 may be moved in the vertical direction, and for
example, in a case where the second part 22 is located
upward relative to the first part 21, the first part 21 may be
lowered by its own weight.

[0078] In the present embodiment, a part of the resin film
11 facing the second part 22 is held, by the second part 22,
at the whole part in width W (refer to FIG. 2C) in a direction
along a boundary line between the first part 21 and the
second part 22. Thus, in the steps shown in FIG. 2H and FIG.
4A, it is possible to make a force for releasing the resin film
11 act substantially uniformly over the whole part in width
W of the resin film 11, and it is possible to make a partial
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release 11¢ occur at the whole part in the width W. Further,
since the resin film 11 is held in such way by the second part
22 and the partial release 11a over the whole part in width
W occurs, in the steps shown in FIG. 21 to FIG. 2K and FIG.
4B and FIG. 4C, it is possible to make a force in the
releasing direction act substantially uniformly over the
whole part in width W of the resin film 11. In a case where
there is a part which is not held, such part is prone to become
an obstacle to the release because, even if released, the part
attempts to adhere onto the first part 21 owing to resilience
on shape that the resin film 11 has, however, such case does
not occur. In addition, it is possible to prevent a stress from
concentrating on a certain part in the direction of the width
W of the resin film 11. Therefore, the resin film 11 can be
easily released with a less stress. In this point of view, in the
steps shown in FIG. 2H to FIG. 2K and FIG. 4A to FIG. 4C,
it is preferable to move the first part 21 and/or the second
part 22 while the edge 22a of the second part 22 and the end
part 116 of the unreleased part of the resin film 11 are
maintained in a substantially parallel state.

[0079] Although in the examples described above, the
resin film 11 is formed on the whole one surface of the
supporting substrate 2, anything is not limited by those
example, and a marginal part on which the resin film 11 is
not formed may be present at an outer circumferential part
of the supporting substrate 2. By doing so, in a period of time
after forming the resin film 11 until releasing the resin film
11, the end part of the resin film 11 is prevented from being
unintentionally turned up by handling or the like. In such a
case, when the resin film 11 is released, it is more difficult
to release the film from the end part thereof mechanically in
accordance with the conventional art. However, in the
present embodiment, the resin film is released using the
boundary part between the first part 21 and the second part
of the supporting substrate 2 as a start point, therefore, the
resin film 11 can be easily released.

[0080] In addition, although in the examples described
above, the electronic element 12 is formed in one region, as
shown in FIG. 5 the electronic element 12 may be formed in
a plurality of regions on the resin film 11. In a case where
the electronic element 12 is formed in the plurality of
regions, the first part 21 and the second part 22 may be
separated on boundaries B2, B3 between the regions in
which the electronic element 12 is formed. In that case, after
the resin film 11 has been released, both of the first part 21
and the second part 22 can have a size enough to be utilized
as a supporting substrate again. Thus, the first part 21 and the
second part 22 can be reused as they are, without carrying
out the steps of reproducing the supporting substrate 2 into
the state before separated. Particularly, in a case where the
first part 21 and the second part 22 are separated at the center
of the supporting substrate 2, in a production line of an
organic EL display device or the like, both of the first part
21 and the second part 22 can be reused as they are in a line
for a supporting substrate of which size is half of that of the
supporting substrate 2. In the method for releasing a resin
film of the present embodiment, an easily reusable material
can be used easily for the supporting substrate 2 because
irradiation with laser beam is not carried out. This is
particularly useful.

[0081] Although in the above description, the step of
preparation for separating the resin film into the first part 21
and the second part 22 including forming the scribe line 23
was described by way of example of the case in which the
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supporting substrate 2 is made of a glass plate, the support-
ing substrate 2 may be configured by removably connecting
the first part 21 and the second part 22 to each other which
are individually formed, by any attaching or detaching
mechanism, for example, a fastening bracket or magnet. In
FIG. 6A, an example of the case in which the first part 21
and the second part 22 are connected to each other by way
of a magnet 24 is shown (in F1G. 6A, FIG. 6B, FIG. 7A, and
FIG. 7B, the pinching member is omitted). In the present
embodiment, light irradiation is not used and thus a metal or
the like which does not transmit light can be used for the
supporting substrate, and therefore, such a configuration can
be used. In this case also, by selecting a magnet with
appropriate magnetic property, as in the method described
referring to FIG. 2G, the first part 21 and the second part 22
can be made separable from each other, that is, preparation
for separation can be carried out (refer to FIG. 6B). In a case
where a fastening bracket or the like is used, removing the
fastening bracket is equivalent to preparation for separation.
In the case of the supporting substrate 2 that is removably
bonded, the first part 21 and the second art 22 can be reused
as they are.

[0082] In addition, although in the example described
referring to FIG. 2H, the second part 22 and the first part 21
are relatively moved in a state in which the second part tilts
with respect to the first part 21, as shown in FIG. 7B, the first
part 21 and the second part 22 may be relatively moved
along the vertical direction Ve in the parallel state. When a
releasing apparatus for the resin film is prepared, the number
of parts to be rotated decreases, therefore, such apparatus
can be realized with a simple structure. In order to relatively
move the first part 21 and the second part 22 on which the
resin film 11 is formed in the vertical direction Ve while
maintaining a parallel state, as shown in FIG. 7A, a gap
having a width almost the same as the thickness of the
supporting substrate 2 is required between these parts at a
time point of the completion of preparation for separating
the supporting substrate into the first part 21 and the second
part 22. For example, as in FIG. 6 A described above, the first
part 21 and the second part 22 are connected to each other
via the magnet 24 to thereby constitute the supporting
substrate 2 and then in preparation for separation, merely by
removing the magnet 24 from a side opposite to the resin
film 11, such a gap can be formed.

[0083] Next, a method for manufacturing an electronic
device having a flexible substrate according to an embodi-
ment of the present invention and steps other than the step
of the separation in a method for manufacturing an organic
EL display device according to an embodiment of the
present invention will be further described.

[0084] First, as shown in FIG. 2A, a flexible resin film 11
to be a flexible substrate is formed on a surface of the
supporting substrate 2 having the first part 21 and the second
part 22. For example, the resin film 11 is formed by applying
a resin material on the supporting substrate 2 and baking the
resin material. Although any method for applying the resin
material is acceptable as long as thickness of the resin film
11 can be controlled, as shown in FIG. 8 for example, the
resin material can be applied using a slit coating method.
That is, vanish (resin material) 11¢ which is a precursor of
polyimide is supplied to a slot die 6 and then is discharged
from the slot die 6, and vanish 11c¢ is thereby applied. The
application of the vanish 11¢ may be carried out by a method
other than slit coating, and for example, in a case where the
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size of the supporting substrate 2 is small, a spin coating
method is also effective in terms of adhesion or flatness of
the resin film 11 although using efficiency is lower.

[0085] Subsequently. the resin material such as the applied
vanish 11¢ is baked by the entire heating in a heating furnace
or by heating from a back surface of the supporting substrate
2. For example, in a case where polyimide is used, the resin
material is baked at a temperature of approximately 400° C.
or more and 500° C. or less. As described above, adjustment
by using the baking (prebaking and main baking) conditions
is exemplified as one of the methods for adjusting the
adhesive strength of the resin film 11 that is important in the
present embodiment. If a temperature at the main baking
increases, the adhesive strength increases, and if the time at
the main baking is reduced, the adhesive strength decreases.
In addition, the baking temperature affects coeflicient of
thermal expansion, and for example, if the temperature is
increased up to nearly 500° C. and then the resin film is left
for approximately 10 minutes or more and 60 minutes or
less, coeflicient of thermal expansion decreases, and coef-
ficient of thermal expansion can also decrease when a
temperature is maintained for 30 minutes or more after
baking at the temperature of approximately 450° C. Con-
versely, if the rising step of temperature is increased and
then time period for maintaining the raised temperature is
extended, coefficient of thermal expansion can be increased.
In these points of view, in baking of the resin film 11, it is
preferable to increase a temperature up to the baking tem-
perature while stepwise increasing the temperature of 10° C.
or more and 200° C. or less every 5 to 120 minutes. This
range can be further defined according to, for example,
characteristics of the target resin film, or the resin material.

[0086] As another means in the method for adjusting the
adhesion strength of the resin film 11, there are exemplified
a method for changing a state of the surface of the support-
ing substrate 2 for the application prior to the application of
the vanish 11¢ and a method for changing the adhesiveness
by applying a so called surfactant such as silane coupling
agent prior to the application of the vanish 11c. Specifically,
the method for changing the state of the surface for the
application itself can be carried out by changing the cleaning
conditions and type for the supporting substrate 2 prior to the
application of the vanish 11c. Among them, as the method
for quantitatively and reproducibly controlling the adhesion
strength, it is preferable to irradiate the surface for the
application with UV having a wavelength of 254 nm while
controlling power and time, at the end of cleaning for the
supporting substrate 2. Regarding the irradiation energy for
this irradiation, 1,000 mJ/cm? or more and 5,000 mJ/cm? or
less is appropriate. Also, use of a surfactant such as a silane
coupling agent generally make the adhesion strength
increase, and by applying a fluorine coating agent or the like
such as PTFE (polytetra fluoroethylene) onto the surface, the
adhesion strength can be decreased. Although it is not
intended in the present embodiment, the adhesion strength
may be adjusted in combination with light irradiation. The
adhesion strength of the resin film 11 may be adjusted by an
appropriate method other than these methods, however, as
described above, the adhesion strength is preferably adjusted
0 as to be 0.1 N/10 mm or more and 1.0 N/10 mm or less,
and more preferably 0.15 N/10 mm or more and 0.4 N/10
mm or less at the 90° peeling strength in the method of JIS
7 0237.
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[0087] Next, as shown in FIG. 2B, the electronic element
12 is formed. Although the electronic element 12 is sche-
matically drawn in FIG. 2B, in a case where the electronic
device is an organic EL display device for example, TFT and
a laminate film composed by different organic layers which
are layered so as to emit RGB light from each subsidiary
pixel are formed. Wiring and the like for driving each pixel
are also formed. In addition, if the electronic device is a
touch panel, electrodes facing each other so as to form a
capacitor between the two electrodes and wiring layers for
the electrodes are formed. Further, if the electronic device is
a liquid crystal display, an electrode is formed together with
TFT on one of two glass substrates, and an electrode and a
color filter is formed on the other one. Then, oriented films
are laminated on the respective opposing surfaces and
thereafter the substrates are disposed to face each other at
predetermined intervals. A liquid crystal material is provided
therebetween, and further, polarization plates are laminated
on both outer surfaces. As a result, the liquid crystal display
is completed. The electronic device to be manufactured by
the manufacturing method of the present embodiment may
be a variety of electronic devices having flexible substrate
apart from these devices, for example, solar cells. Herein-
after, the steps of forming the electronic element 12 in a case
where the electronic device is an organic EL display device
having an organic EL element as the electronic device 12
will be described. The organic EL element itself formed by
the manufacturing method of the present embodiment is the
same as the conventional organic EL element, and a detailed
description thereof is omitted.

[0088] A sectional view of a part of an organic EL display
device to be manufactured by the manufacturing method of
the present embodiment is shown in FIG. 9. On a flexible
substrate made of the resin film 11 (refer to FIG. 2A), a
switching element, for example, TFT not shown and wiring
related thereto are formed for each subsidiary pixel, and a
first electrode (for example, anode) 52 which is connected to
the switching element is formed on a flattening layer 51 with
a combination of a metal layer such as Ag and an ITO layer.
An insulation bank 53 made of SiO, or the like is formed
between the subsidiary pixels. In a region which is sur-
rounded by the insulation bank 53, an organic layer 55 is
vapor-deposited using a vapor deposition mask. The vapor
deposition step is carried out for each subsidiary pixel or
simultaneously as required.

[0089] In FIG. 9, the organic layer 55 is shown as one
layer, however, the organic layer 55 is actually formed of a
laminated film having a plurality of layers each consisting of
different materials. For example, a hole injection layer and
a hole transport layer are formed of an amine-based material
or the like, and above these layers, a light emitting layer
corresponding to RGB is formed of organic material, for
example, Alga or DSA-based material in which an organic
fluorescent material is doped. Further, on the light emitting
layer, the electron transport layer is formed of Alga or the
like, and an electron injection layer is appropriately formed
of LiF or Liq or the like.

[0090] The no shown vapor deposition mask is removed
and thereafter a second electrode (for example, cathode) 56
is formed on the whole surface using codeposition of, for
example, Mg and Ag. Also, for example, Al may be used for
the second electrode 56. On a surface of the second electrode
56, a protection layer 57 made of, for example, Si,N, is
formed. The entirety of them is sealed by a sealing layer
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made of, for example, a resin film not shown so as to have
a construction in which the organic layer 55 and the second
electrode 56 are prevented from absorbing moisture or
oxygen or the like. In addition, the organic layer can be used
as commonly as possible by using a structure in which the
color filter is provided on a surface side of those. As a result
of steps mentioned above, an organic EL element (electronic
element 12) can be formed on the resin film 11.

[0091] Then, the resin film is released by the method for
releasing the resin film according to the embodiment
described above, thereby, an electronic device having a
flexible substrate, in particular an organic EL display device
can be obtained. In the method for releasing the resin film,
the method for manufacturing the electronic device having
the flexible substrate, and the method for manufacturing the
organic EL display device of the present invention, any step
other than the steps described with reference to the drawings
may be added, and the sequential order of the steps may be
changed as long as there is no problem in each step.

[0092] Next, an apparatus for releasing a resin film accord-
ing to an embodiment of the present invention will be
described with reference to the drawings. As an overview
thereof is shown in FIG. 10, an apparatus 70 for releasing a
resin film according to the embodiment comprises: a pinch-
ing member 73 for a second part of a supporting substrate 2
to pinch the whole part in a widthwise direction of the
second part 22, the supporting substrate 2 having an one
surface with a resin film 11 cohesively formed thereon and
comprising a first part 21 and the second part 22; a holding
member 74 for the first part to hold the first part 21, the
holding member 74 restrictively movable in a direction
perpendicular to an one surface 21a of the first part 21 and
capable of moving in a direction parallel to the one surface
21a of the first part 21 and along a line between the first part
21 and the second part 22; and a first driving part 75 to
separate the pinching member 73 for the second part and the
holding member 74 for the first part from each other in the
direction perpendicular to the one surface 21a of the first
part 21 while maintaining parallelism between an edge 22a
of the second part 22 facing the first part 21 and the first part
21. The pinching member 73 for the second part is config-
ured in a similar manner to that of the pinching member 3
(refer to FIG. 2F) described in the one example of the
method for releasing the resin film according to the embodi-
ment described above, and moves the second part 22 accord-
ing to the operation of the first driving part 75 while
maintaining a close contact between the resin film 11 and the
second part 22 of the supporting substrate 2. The holding
member 74 for the first part holds the first part 21 using, for
example, vacuum adsorption, and limits a movement of the
first part 21 in the vertical direction. The first driving part 75
has a structure of so called ball screw, and a first driving
shaft 752 rotates with operation of a driving source 751
consists of, for example, a motor, thereby the pinching
member 73 for the second part moves in the vertical direc-
tion. In this manner, the one surface 21a of the first part 21
and the edge 22a of the second part 22 are moved with
respect to one another in the vertical direction, and the one
surface and the edge are separated each other in the vertical
direction.

[0093] In the apparatus 70 for releasing the resin film, the
pinching member 73 for the second part is further provided
with a rotation driving part 76 to rotate the second part 22
about a supporting shaft 731 provided opposite to the first
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part 21 relative to the edge 22a in parallel with the edge 22a
of the second part 22. The rotation driving part 76 rotates the
supporting shaft 731 at least in the direction indicated with
the reference C in FIG. 10 by operation of, for example, a
motor 761. In this manner, the edge 22a of the second part
22 is rotationally moved in the direction in which the edge
is separated from the one surface 21a of the first part 21, and
the edge 224 and the one surface 21a of the first part 21 are
separated from each other in the vertical direction.

[0094] In the example shown in FIG. 10, the holding
member 74 for the first part comprises a second driving part
77 to move the first part 21, in accordance with an increase
of a distance for separation of the second part 22 from the
one surface 21a of the first part 21, in the parallel direction
by a distance corresponding to the increase. The second
driving part 77, in the similar way to the first driving part 75,
rotates a second driving shaft 772 with operation of a driving
source 771 consists of, for example, a motor and moves the
holding member 74 for the first part in the parallel direction.
This reduces a stress to the resin film 11, which can be
caused in accordance with the separation between the one
surface 21a of the first part 21 and the edge 22a of the
second part 22 in the vertical direction.

[0095] FIG. 10 merely schematically shows a configura-
tion of the apparatus 70 for releasing the resin film according
to the embodiment of the present invention, and a specific
structure of the apparatus for releasing the resin film of the
present invention is not limited to the structure shown in
FIG. 10.

DESCRIPTION OF REFERENCE NUMERAL

[0096] 1 Electronic device

[0097] 11 Resin film

[0098] 115 End part of unreleased part

[0099] 12 Electronic element

[0100] 2 Supporting substrate (glass plate)
[0101] 21 First part

[0102] 21a One surface of First part

[0103] 22 Second part

[0104] 22a Edge of second part facing first part
[0105] 23 Scribe line

[0106] 3 Pinching member

[0107] 33 Supporting shaft

[0108] 51 Flattening layer

[0109] 52 First electrode (anode)

[0110] 53 Insulation bank

[0111] 55 Organic layer

[0112] 56 Second electrode (cathode)

[0113] 57 Protection layer

[0114] 6 Slot die

[0115] 70 Apparatus for releasing a resin film
[0116] 73 Pinching member for second part
[0117] 74 Holding member for first part
[0118] 75 First driving part

[0119] 76 Rotation driving part

[0120] 77 Second driving part

[0121] d Movement distance in vertical direction
[0122] Pa Parallel direction

[0123] Ve Vertical direction

1. A method for releasing a resin film cohesively formed
on an one surface of a supporting substrate from the sup-
porting substrate, the method comprising:

a step of forming the resin film by baking a liquid resin

applied onto the supporting substrate;
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a step of preparing to separate the supporting substrate into
a first part and a second part; and
a step of allowing or causing at least one of the first part
and the second part to move in a direction parallel to an
one surface of the first part while moving the first part
of the supporting substrate and at least an edge of the
second part facing the first part with respect to one
another, while maintaining a close contact between the
resin film and an one surface of the second part of the
supporting substrate, such that the first part and the
edge of the second part are separated along a perpen-
dicular direction to the one surface of the first part.

2. The method for releasing the resin film according to
claim 1, wherein a separation between the first part and the
edge of the second part along the perpendicular direction is
performed by moving the edge of the second part and the
one surface of the first part in the perpendicular direction.

3. The method for releasing the resin film according to
claim 2, wherein moving at least one of the first part and the
second part in the direction parallel to the one surface of the
first part corresponds to moving in a direction in which the
first part and the second part overlap in a plan view.

4. The method for releasing the resin film according to
claim 3, wherein at least one of the first part and the second
part is caused to move a distance of d*tan (6/2) in the
direction parallel to the one surface of the first part for every
distance of separation d in the perpendicular direction,
provided that the 6 is an angle between the resin film and the
one surface of the first part, while the resin film tensing
between a part of the resin film closely contacted with the
first part and the edge of the second part, when the first part
and the edge of the second part are separated along the
perpendicular direction.

5. The method for releasing the resin film according to
claim 1, wherein a separation between the first part and the
edge of the second part along the perpendicular direction is
performed by separating the edge of the second part from the
one surface of the first part at a predetermined distance and
thereafter gradually rotating the edge about a supporting
shaft provided opposite to the first part in parallel with the
edge.

6. The method for releasing the resin film according to
claim 1, wherein the supporting substrate is made of a glass
plate or a ceramic substrate, and the step of preparing to
separate the supporting substrate into the first part and the
second part is carried out by cutting the supporting substrate
along a scribe line formed on a surface of the supporting
substrate opposite to the surface having the resin film
thereon.

7. The method for releasing the resin film according to
claim 1, wherein the supporting substrate is made of a metal
plate or a semiconductor substrate, the first part and the
second part are removably connected to each other, and the
step of preparing to separate the supporting substrate is
carried out by making the first part and the second part
separable from each other.

8. A method for manufacturing an electronic device
having a flexible substrate, the method comprising:

a step of forming a flexible resin film on a surface of a
supporting substrate, the supporting substrate compris-
ing a first part and a second part;

a step of forming an electronic element on the resin film;
and
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a step of releasing the resin film with the electronic

element from the supporting substrate,

wherein the resin film is released by the method according

to claim 1.

9. The method for manufacturing the electronic device
according to claim 8, wherein the resin film is formed by
applying a liquid resin comprising polyimide onto the sup-
porting substrate and adhesion strength of the resin film to
the supporting substrate is 0.1 N/10 mm or more and 1N/10
mm or less.

10. A method for manufacturing an organic EL display
device comprising forming an organic EL element on a
flexible substrate, the method comprising:

forming the flexible substrate by baking a liquid resin

applied onto a supporting substrate;

forming the organic EL element in a matrix form on the

flexible substrate, the organic EL element comprising
TFT;

forming a sealing member for sealing the organic EL

element;

preparing to separate the supporting substrate between a

first part and a second part other than the first part, the
first part including a part with the sealing member
formed thereon; and

a step of allowing or causing at least one of the first part

and the second part to move in a direction parallel to an
one surface of the first part while moving the first part
of the supporting substrate and at least an edge of the
second part facing the first part with respect to one
another, while maintaining a close contact between the
flexible substrate and an one surface of the second part
of the supporting substrate, such that the first part and

12
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the edge of the second part are separated along a
perpendicular direction to the one surface of the first
art.

ll.pAn apparatus for releasing a resin film, comprising:

a pinching member for a second part of a supporting

substrate to pinch the whole part in a widthwise direc-
tion of the second part, the supporting substrate having
an one surface with a resin film cohesively formed
thereon and comprising a first part and the second part;

a holding member for the first part to hold the first part,

the holding member restrictively movable in a direction
perpendicular to an one surface of the first part and
capable of moving in a direction parallel to the one
surface of the first part and along a line between the first
part and the second part; and

a first driving part to separate the pinching member for the

second part and the holding member for the first part
from each other in the direction perpendicular to the
one surface of the first part while maintaining parallel-
ism between an edge of the second part facing the first
part and the first part;
wherein the pinching member is further provided with a
rotation driving part to rotate the second part about a
supporting shaft provided opposite to the first part relative to
the edge in parallel with the edge of the second part.

12. (canceled)

13. The apparatus for releasing the resin film according to
claim 11, wherein the holding member further comprises a
second driving part to move the first part, in accordance with
an increase of a distance for separation of the second part,
in the direction parallel to the one surface of the first part by
a distance corresponding to the increase of the distance.

I S I
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