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(54) METAL-CLAD LAMINATE FOR FLEXIBLE ELECTRONIC DEVICES, AND FLEXIBLE 
ELECTRONIC DEVICE USING SAME

(57) A metal-clad laminate for flexible electronic de-
vices, said metal-clad laminate comprising a metal layer
and a polyimide insulating layer that is superposed on
one surface of the metal layer and contains one or more
polyimide layers, wherein the polyimide insulating layer
satisfies the following requirements: (a) the thickness
thereof is within the range of from 3 mm to 25 mm; (b) the
thickness ratio thereof to the metal layer is within the
range of from 0.1 to 0.5; (c) the thermal expansion coef-
ficient thereof is 25 ppm/K or less; (d) the coefficient of
humidity expansion thereof is 30 ppm/% RH or less; (e)
the arithmetic mean roughness (Ra) of the exposed sur-
face, which is not in contact with the metal layer, is 1.0
nm or less; and (f) the polyimide that constitutes the poly-
imide layer having the exposed surface, which is not in
contact with the metal layer, is not thermoplastic.
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Description

[Technical Field]

[0001] The present invention relates to a metal-clad laminate for flexible electronic devices useful as a material for
various flexible electronic devices such as an organic EL display and organic EL lighting, and a flexible electronic device
using the same.

[Background Art]

[0002] Display devices such as organic electroluminescence (organic EL) and liquid crystal displays and touch panels
are used as components of various displays including large displays such as televisions, and medium-sized and small
displays such as mobile phones, personal computers, smartphones, and in-vehicle displays. For example, an organic
EL device is generally produced by forming a thin film transistor (TFT) on a glass substrate which is a support substrate,
additionally sequentially forming an electrode, an organic EL layer and an electrode thereon, and hermetically sealing
these with a glass substrate, a multilayer thin film or the like.
[0003] In recent years, in order to impart flexibility to an organic EL device, a flexible substrate made of a material
having flexibility such as stainless steel or a resin film has been used in place of a glass substrate. A flexible substrate
used in an organic EL device is required to have a gas barrier property, smoothness and an insulating property as
important properties.
[0004] The gas barrier property is a property required to prevent gas components such as water vapor from permeating
therethrough when a resin is used as a flexible substrate material, and influences the durability and reliability of an
organic EL device used in various environment conditions.
[0005] The smoothness is important for uniformly forming a plurality of organic EL layers, and smoothness equivalent
to that of a glass substrate is required.
[0006] The insulating property is required to enable independent control of a plurality of organic EL elements formed
on a flexible substrate, and if the insulating property is insufficient, short-circuiting occurs between elements, which
causes a malfunction.
[0007] Although a stainless steel foil used as a flexible substrate material has an excellent flexibility and gas barrier
property, since smoothness and an insulating property cannot be secured, it is necessary to laminate a thin film of an
organic material or an inorganic material on the stainless steel foil. For example, as a flexible substrate for an organic
EL element, a stainless steel foil with an insulation coating having a structure in which a methyl group-containing silica-
based coating and a phenyl group-containing silica-based coating are laminated on a stainless steel foil by a sol-gel
method has been proposed (for example, Patent Literature 1). In Patent Literature 1, according to the combination of
the methyl group-containing silica-based coating and the phenyl group-containing silica-based coating formed by a sol-
gel method, smoothness can be secured by reducing the influence of scratches and foreign matter on the surface of the
stainless steel foil.
[0008] In addition, a laminate for an organic EL element in which a polyimide film is used in place of a stainless steel
foil, and an organic group-containing silica film is laminated by a sol-gel method has been proposed (for example, Patent
Literature 2). However, since the polyimide film has a poorer gas barrier property than the stainless steel foil, there is a
concern in terms of securing the durability and reliability of the organic EL device used in various environments. In
addition, although the coating formed by a sol-gel method has excellent smoothness, the thickness needs to be reduced
to about 3 mm in order not to impair the flexibility, which is insufficient in terms of securing an insulating property.

[Citation List]

[Patent Literature]

[0009]

[Patent Literature 1]
Japanese Patent Laid-Open No. 2013-87310
[Patent Literature 2]
Japanese Patent Laid-Open No. 2017-73345
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[Summary of Invention]

[Technical Problem]

[0010] As described above, a flexible substrate used for flexible electronic device applications needs to simultaneously
satisfy having three required properties, that is, a gas barrier property, smoothness and an insulating property. Therefore,
as a combination of the related art, it is conceivable to improve all of the gas barrier property, the insulating property,
and the smoothness by laminating a stainless steel foil, a polyimide insulation layer, and a sol-gel film. However, this
has a disadvantage that the production process becomes complicated, and a disadvantage that it is difficult to control
the coefficient of thermal expansion of each layer and warpage tends to occur can also be expected.
[0011] That is, when different materials having different physical properties such as metals, resins, and inorganic
materials are laminated in multiple layers and composited, the occurrence of warpage tends to be a problem. In addition,
since a polyimide containing many polar groups in the molecule has high hydroscopicity, there is a concern that the
polyimide insulation layer may expand and contract due to seasonal fluctuations in the environment humidity, which
causes unexpected warpage. In addition, it is necessary to overcome a new problem that has not been verified in Patent
Literature 1 and 2 that adhesiveness between the stainless steel foil and the polyimide insulation layer needs to be
secured.
[0012] Therefore, an objective of the present invention is to provide a metal-clad laminate for flexible electronic devices
in which three required properties, that is, a gas barrier property, smoothness and an insulating property can be secured
simultaneously, the amount of warpage is reduced, and the adhesiveness between a metal layer and a polyimide
insulation layer is also excellent.

[Solution to Problem]

[0013] As a result of extensive studies performed in order to address the above problems, it has been found that the
above problems can be addressed by using a layer having a specific thickness and physical properties as the polyimide
insulation layer laminated on the metal layer, and thereby the present invention was completed. That is, a metal-clad
laminate for flexible electronic devices of the present invention includes a metal layer and a polyimide insulation layer
including a single polyimide layer or a plurality of polyimide layers laminated on one surface of the metal layer. In the
metal-clad laminate for flexible electronic devices of the present invention, the polyimide insulation layer satisfies the
following conditions (a) to (f);

(a) the thickness is in a range of 3 mm or more and 25 mm or less;
(b) a thickness ratio with respect to the metal layer is in a range of 0.1 or more and 0.5 or less;
(c) the coefficient of thermal expansion is 25 ppm/K or less;
(d) the coefficient of humidity expansion is 30 ppm/% RH or less;
(e) the arithmetic mean roughness (Ra) of an exposed surface that is not in contact with the metal layer is 1.0 nm
or less; and
(f) a polyimide constituting the polyimide layer having an exposed surface that is not in contact with the metal layer
is non-thermoplastic.

[0014] In the metal-clad laminate for flexible electronic devices of the present invention, a ratio of a tensile elastic
modulus of the polyimide insulation layer to a tensile elastic modulus of the metal layer may be in a range of 1/70 or
more and 1/10 or less.
[0015] In the metal-clad laminate for flexible electronic devices of the present invention, the coefficient of thermal
expansion of the metal layer may be in a range of 1 ppm/K or more and 25 ppm/K or less.
[0016] In the metal-clad laminate for flexible electronic devices of the present invention, the thickness of the metal
layer may be in a range of 10 mm or more and 50 mm or less.
[0017] In the metal-clad laminate for flexible electronic devices of the present invention, the polyimide insulation layer
may be a single layer.
[0018] In the metal-clad laminate for flexible electronic devices of the present invention, the water vapor permeability
may be 10-6 g/(m2·day) or less.
[0019] The metal-clad laminate for flexible electronic devices of the present invention may be left in an atmosphere
at 23°C and a humidity of 50% so that a convex surface at the 50 mm square center part after humidity control for 24
hours is in contact with a flat surface, and when the maximum value of raised-up amounts of four corners is set as an
amount of warpage, the amount of warpage is 10 mm or less.
[0020] A flexible electronic device of the present invention includes any of the above metal-clad laminates for flexible
electronic devices and an organic EL layer laminated on an exposed surface of the polyimide insulation layer that is not
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in contact with the metal layer in the metal-clad laminate for flexible electronic devices.

[Advantageous Effects of Invention]

[0021] In the metal-clad laminate for flexible electronic devices of the present invention, a gas barrier property, smooth-
ness and an insulating property are simultaneously secured, and the amount of warpage is reduced, and as notable
advantages, warpage due to fluctuations in the environment humidity is unlikely to occur, and the adhesiveness between
the metal layer and the polyimide insulation layer is excellent. Therefore, the metal-clad laminate for flexible electronic
devices of the present invention is highly beneficial as a substrate for flexible electronic devices, and excellent durability
and reliability can be imparted to the flexible electronic devices to which the metal-clad laminate is applied.

[Brief Description of Drawings]

[0022]

Fig. 1 is a cross-sectional view showing a schematic configuration of a metal-clad laminate for flexible electronic
devices in a thickness direction according to one embodiment of the present invention.
Fig. 2 is a cross-sectional view showing a schematic configuration of a metal-clad laminate for flexible electronic
devices in a thickness direction according to another embodiment of the present invention.

[Description of Embodiments]

[0023] Hereinafter, embodiments of the present invention will be described appropriately with reference to the drawings.
[0024] Fig. 1 is a cross-sectional view showing a schematic configuration of a metal-clad laminate for flexible electronic
devices 30 in a thickness direction according to one embodiment of the present invention. In addition, Fig. 2 is a cross-
sectional view showing a schematic configuration of a metal-clad laminate for flexible electronic devices 30 in a thickness
direction according to another embodiment of the present invention.
[0025] The metal-clad laminate for flexible electronic devices 30 includes a metal layer 10 and a polyimide insulation
layer 20 laminated on one surface of the metal layer 10. As shown in Fig. 1, the polyimide insulation layer 20 may be
single polyimide layer, and as shown in Fig. 2, may be composed of a plurality of polyimide layers. The metal-clad
laminate for flexible electronic devices 30 shown in Fig. 2 has a 2-layer structure in which the polyimide insulation layer
20 is composed of a thermoplastic polyimide layer 21 in contact with the metal layer 10 and a non-thermoplastic polyimide
layer 23 laminated on the thermoplastic polyimide layer 21. Here, the polyimide insulation layer 20 may be composed
of three or more layers. In addition, although not shown, the polyimide insulation layer 20 may be composed of two or
more non-thermoplastic polyimide layers.

<Metal layer>

[0026] Regarding the metal layer 10, a metal foil is preferably used. The material of the metal foil is not particularly
limited, and preferable examples thereof include stainless steel, titanium, Invar, and common steel. Preferable examples
of stainless steel foils include austenitic SUS304 and SUS316, and ferritic SUS430 and SUS444, and commercial
products can be used.
[0027] In order to reduce warpage, the coefficient of thermal expansion of the metal layer 10 is preferably in a range
of 1 ppm/K or more and 25 ppm/K or less and more preferably in a range of 5 ppm/K or more and 20 ppm/K or less. If
the coefficient of thermal expansion of the metal layer 10 is less than 1 ppm/K or exceeds 25 ppm/K, the difference in
the coefficient of thermal expansion between it and the polyimide insulation layer 20 increases, warpage tends to occur,
and the amount of warpage tends to increase.
[0028] In order to achieve balance the strength and flexibility required for a supporting base material, the thickness of
the metal layer 10 is preferably in a range of 10 mm or more and 100 mm or less, more preferably in a range of 10 mm
or more and 50 mm or less, and still more preferably in a range of 25 mm or more and 50 mm or less. If the thickness of
the metal layer 10 is less than 10 mm, the mechanical strength becomes insufficient, and if the thickness exceeds 100
mm, the flexibility tends to decrease.
[0029] In order to achieve balance the strength and flexibility required for a supporting base material, the tensile elastic
modulus of the metal layer 10 is preferably in a range of 100 GPa or more and 300 GPa and more preferably in a range
of 200 GPa or more and 250 GPa or less. If the tensile elastic modulus of the metal layer 10 is less than 100 GPa, the
mechanical strength becomes insufficient. On the other hand, if the tensile elastic modulus of the metal layer 10 exceeds
300 GPa, the flexibility tends to decrease.
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<Polyimide insulation layer>

[0030] The polyimide insulation layer 20 satisfies the following conditions (a) to (f).

Condition (a):

[0031] The thickness is in a range of 3 mm or more and 25 mm or less.
[0032] If the thickness of the polyimide insulation layer 20 is less than 3 mm, it is difficult to secure an insulating property.
The thickness of the polyimide insulation layer 20 is preferably 5 mm or more. On the other hand, if the thickness of the
polyimide insulation layer 20 exceeds 25 mm, warpage tends to occur and the flexibility tends to decrease. The thickness
of the polyimide insulation layer 20 is preferably 15 mm or less, more preferably 12 mm or less, and still more preferably
10 mm or less.
[0033] Here, even if the polyimide insulation layer 20 is composed of a plurality of layers, the thickness of the entire
polyimide insulation layer 20 is within the above range.
[0034] In addition, as shown in Fig. 2, if the polyimide insulation layer 20 has a structure in which the thermoplastic
polyimide layer 21 and the non-thermoplastic polyimide layer 23 are laminated, the thickness T1 of the thermoplastic
polyimide layer 21 is, for example, in a range of 3 mm or less, and the thickness T2 of the non-thermoplastic polyimide
layer 23 is preferably, for example, in a range of 2 mm or more and 25 mm or less. In this case, in order to control the
coefficient of thermal expansion of the entire polyimide insulation layer 20 and reduce warpage, a ratio (T2/T3) of the
thickness T2 of the non-thermoplastic polyimide layer 23 to the total thickness T3 of the polyimide insulation layer 20
is, for example, preferably 50% or more, and more preferably 80% or more.

Condition (b): The thickness ratio with respect to the metal layer 10 is in a range of 0.1 or more and 0.5 or less.

[0035] If the thickness ratio with respect to the metal layer 10 (the thickness of the polyimide insulation layer 20/the
thickness of the metal layer 10) is less than 0.1, the surface roughness of an exposed surface of the polyimide insulation
layer 20 that is not in contact with the metal layer 10 increases, and the mechanical strength decreases. On the other
hand, if the thickness ratio with respect to the metal layer 10 exceeds 0.5, warpage tends to occur, the flexibility of the
device substrate decreases, and the productivity tends to deteriorate.

Condition (c):

[0036] The coefficient of thermal expansion is 25 ppm/K or less.
[0037] If the coefficient of thermal expansion exceeds 25 ppm/K, warpage tends to occur in the metal-clad laminate
for flexible electronic devices 30. Here, even if the polyimide insulation layer 20 is composed of a plurality of layers, the
coefficient of thermal expansion of the entire polyimide insulation layer 20 may be within the above range.
[0038] In addition, the polyimide layer having an exposed surface that is not in contact with the metal layer 10 (hereinafter
may be referred to as "the outmost polyimide layer") is preferably a low expansion polyimide layer having a coefficient
of thermal expansion of 25 ppm/K or less. When the outmost polyimide layer is set as a low expansion polyimide layer,
it is possible to effectively reduce warpage of the metal-clad laminate for flexible electronic devices 30. The low expandable
polyimide layer constitutes a non-thermoplastic polyimide layer, and the high expansion polyimide layer constitutes a
thermoplastic polyimide layer. Here, the low expansion polyimide layer is a polyimide layer having a coefficient of thermal
expansion that is 25 ppm/K or less, preferably 20 ppm/K or less, more preferably 15 ppm/K or less, and still more
preferably 12 ppm/K or less. In addition, the high-thermal-expansion polyimide layer is a polyimide layer having a
coefficient of thermal expansion that is preferably 35 ppm/K or more, and more preferably in a range of 35 ppm/K or
more and 80 ppm/K or less. Here, in Fig. 1, the polyimide insulation layer 20 is the outmost polyimide layer, and in Fig.
2, the non-thermoplastic polyimide layer 23 is the outmost polyimide layer. Regarding the coefficient of thermal expansion
of the outmost polyimide layer, the material thereof is composed of a non-thermoplastic polyimide, a casting method in
which a polyimide precursor solution is applied to the metal layer 10 is used as a forming method, and the coefficient
can be controlled by controlling coating, drying, and imidization conditions.
[0039] Here, the reason why the coefficient of thermal expansion of the outmost polyimide layer is important is that,
for example, as shown in Fig. 2, even if the thermoplastic polyimide layer 21 is interposed between the metal layer 10
and the outmost polyimide layer (the non-thermoplastic polyimide layer 23), the influence of the coefficient of thermal
expansion of the thermoplastic polyimide layer 21 on warpage is small. That is, the relationship between the coefficients
of thermal expansion of the metal layer 10 and the outmost polyimide layer is a dominant factor in occurrence and
reduction of warpage. In this regard, it is preferable for the coefficient of thermal expansion CTEM of the metal layer 10
and the coefficient of thermal expansion CTEP of the outmost polyimide layer to satisfy the following relationship. 
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Condition (d):

[0040] The coefficient of humidity expansion is 30 ppm/% RH or less.
[0041] Generally, a polyimide contains many polar groups in the molecule, and has high hydroscopicity. Therefore,
the polyimide insulation layer 20 expands and contracts due to fluctuations in the environment humidity, which causes
warpage. Therefore, in the present embodiment, a polyimide having a coefficient of humidity expansion that is 30 ppm/%
RH or less, and preferably 15 ppm/% RH or less is used. If the polyimide insulation layer 20 is composed of a plurality
of layers, the coefficient of humidity expansion of the entire polyimide insulation layer 20 may be 30 ppm/% RH or less.
A specific configuration of the polyimide for reducing the coefficient of humidity expansion of the polyimide insulation
layer 20 to 30 ppm/% RH or less will be described below. Here, the coefficient of humidity expansion can be measured
by the method and conditions shown in examples to be described below.

Condition (e):

[0042] The arithmetic mean roughness (Ra) of the exposed surface that is not in contact with the metal layer 10 is 1.0
nm or less.
[0043] In the polyimide insulation layer 20, since the exposed surface that is not in contact with the metal layer 10 is
a surface that forms a device (a device forming surface S) such as an organic EL element, the same smoothness as
that of a glass substrate is required. Therefore, the arithmetic mean roughness (Ra) of the exposed surface that is not
in contact with the metal layer 10 needs to be 1.0 nm or less, and is preferably 0.6 nm or less, and more preferably 0.4
nm or less. Here, in Fig. 1, the surface of the polyimide insulation layer 20 is the device forming surface S, and in Fig.
2, the surface of the non-thermoplastic polyimide layer 23 is the device forming surface S.
[0044] Regarding the arithmetic mean roughness (Ra) of the device forming surface S, the polyimide layer (the outmost
polyimide layer) having an exposed surface that is not in contact with the metal layer 10 is composed of a non-thermoplastic
polyimide, a casting method in which a polyimide precursor solution is applied to the metal layer 10 is used as a forming
method thereof, and the roughness can be controlled by controlling coating, drying, and imidization conditions.

Condition (f):

[0045] The polyimide constituting the polyimide layer having an exposed surface that is not in contact with the metal
layer 10 is non-thermoplastic.
[0046] Since the polyimide layer (the outmost polyimide layer) having an exposed surface that is not in contact with
the metal layer 10 is composed of a non-thermoplastic polyimide, the coefficient of thermal expansion is easily controlled
and warpage is reduced. In addition, when the outmost polyimide layer is formed of a non-thermoplastic polyimide, it is
possible to reduce the arithmetic mean roughness (Ra) of the device forming surface S which is an exposed surface
that is not in contact with the metal layer 10, and the smoothness is secured. A specific configuration of the non-
thermoplastic polyimide used for the outmost polyimide layer will be described below.
[0047] In order to achieve balance the strength and flexibility required for an insulation resin layer, the tensile elastic
modulus of the polyimide insulation layer 20 is preferably in a range of 3 GPa or more and 15 GPa or less and more
preferably in a range of 5 GPa or more and 12 GPa or less. If the tensile elastic modulus of the polyimide insulation
layer 20 is less than 3 GPa, the mechanical strength becomes insufficient. On the other hand, if the tensile elastic
modulus of the polyimide insulation layer 20 exceeds 15 GPa, the insulation resin layer becomes brittles and the flexibility
tends to decrease.
[0048] A ratio of the tensile elastic modulus of the polyimide insulation layer 20 to the tensile elastic modulus of the
metal layer 10 (the tensile elastic modulus of the polyimide insulation layer 20/the tensile elastic modulus of the metal
layer 10) is preferably in a range of 1/70 or more and 1/10 or less. Within such a range, warpage can be reduced and
the flexibility can be secured, which is suitable for an electronic device substrate.
[0049] Next, a non-thermoplastic polyimide and a thermoplastic polyimide for forming the polyimide insulation layer
20 will be described. Here, the "non-thermoplastic polyimide" is generally a polyimide that does not soften nor exhibit
adhesiveness even when heated, but in the present invention, it is a polyimide having a storage modulus at 30°C of
1.03109 Pa or more and a storage modulus at 350°C of 1.03108 Pa or more measured using a dynamic viscoelasticity
measurement device (DMA). In addition, the "thermoplastic polyimide" is a polyimide in which the generally glass transition
temperature (Tg) can be clearly confirmed, but in the present invention, it is a polyimide having a storage modulus at
30°C of 1.03109 Pa or more and a storage modulus at 350°C of less than 1.03108 Pa measured using the DMA.



EP 4 029 690 A1

7

5

10

15

20

25

30

35

40

45

50

55

Non-thermoplastic polyimide:

[0050] The non-thermoplastic polyimide constituting the non-thermoplastic polyimide layer 23 contains a tetracarbox-
ylic acid residue and a diamine residue. Here, in the present invention, the tetracarboxylic acid residue indicates a
tetravalent group derived from tetracarboxylic dianhydride, and the diamine residue indicates a divalent group derived
from a diamine compound. The non-thermoplastic polyimide preferably contains an aromatic tetracarboxylic acid residue
derived from an aromatic tetracarboxylic dianhydride and an aromatic diamine residue derived from an aromatic diamine.

(Tetracarboxylic acid residue)

[0051] The non-thermoplastic polyimide preferably contains, as tetracarboxylic acid residues, a tetracarboxylic acid
residue derived from at least one of 3,3’,4,4’-biphenyltetracarboxylic dianhydride (BPDA) and 1,4-phenylenebis(trimellitic
acid monoester)dianhydride (TAHQ), and a tetracarboxylic acid residue derived from at least one of pyromellitic acid
dianhydride (PMDA) and 2,3,6,7-naphthalenetetracarboxylic dianhydride (NTCDA).
[0052] The tetracarboxylic acid residue derived from BPDA (hereinafter referred to as "BPDA residue") and the tet-
racarboxylic acid residue derived from TAHQ (hereinafter referred to as "TAHQ residue") easily form an ordered structure
of polymers, and can reduce the hydroscopicity by restricting movement of molecules. The BPDA residue can impart
self-supporting properties of a gel film as a polyamic acid of a polyimide precursor, but on the other hand, it increases
the CTE after imidization, lowers the glass transition temperature, and tends to lower the heat resistance.
[0053] In addition, since the tetracarboxylic acid residue derived from pyromellitic acid dianhydride (hereinafter referred
to as "PMDA residue") and the tetracarboxylic acid residue derived from 2,3,6,7-naphthalenetetracarboxylic dianhydride
(hereinafter referred to as "NTCDA residue") have rigidity, they are residues having functions of improving the in-plane
orientation, reducing the CTE to a low level, and controlling the glass transition temperature. On the other hand, since
the PMDA residue has a small molecular weight, if the amount thereof is too large, the imide group concentration of the
polymer increases, the number of polar groups increases, and the hydroscopicity increases. In addition, the NTCDA
residue tends to make the film brittle due to a naphthalene framework having high rigidity, and tends to increase the
elastic modulus.
[0054] In view of the above points, in the non-thermoplastic polyimide constituting the non-thermoplastic polyimide
layer 23, a total amount of at least one of the BPDA residue and the TAHQ residue and at least one of the PMDA residue
and the NTCDA residue is 80 parts by mole or more and preferably 90 parts by mole or more with respect to 100 parts
by mole of the entire tetracarboxylic acid residues.
[0055] Since the PMDA and NTCDA have a rigid framework, it is possible to control the in-plane orientation of molecules
in the polyimide, compared to other general acid anhydride components, they have an effect of reducing the coefficient
of thermal expansion (CTE) and improving the glass transition temperature (Tg). In addition, since the BPDA and the
TAHQ have a larger molecular weight than the PMDA, the imide group concentration decreases as the preparation ratio
increases, which is effective in reducing the hygroscopicity. On the other hand, when the preparation ratio of the BPDA
and the TAHQ increases, the in-plane orientation of molecules in the polyimide deteriorates, which leads to an increase
in the CTE. In this regard, a total amount of the PMDA and the NTCDA prepared is preferably 40 parts by mole or more
with respect to 100 parts by mole of the entire acid anhydride components of the raw material. If a total amount of the
PMDA and the NTCDA prepared is less than 40 parts by mole with respect to 100 parts by mole of the entire acid
anhydride components of the raw material, the in-plane orientation of molecules decreases, it is difficult to reduce the
CTE, and the heat resistance and dimensional stability of the film during heating decrease due to a decrease in the Tg.
[0056] In addition, the BPDA and the TAHQ are effective in restricting movement of molecules and in reducing hygro-
scopicity due to a decrease in the imide group concentration, but increase the CTE for a polyimide film after imidization.
In this regard, a total amount of the BPDA and the TAHQ prepared is preferably not more than 60 parts by mole and
more preferably in a range of 20 to 50 parts by mole with respect to 100 parts by mole of the entire acid anhydride
components of the raw material.
[0057] Examples of tetracarboxylic acid residues other than the BPDA residue, the TAHQ residue, the PMDA residue,
and the NTCDA residue, which are contained in the non-thermoplastic polyimide constituting the non-thermoplastic
polyimide layer 23, include tetracarboxylic acid residues derived from aromatic tetracarboxylic dianhydrides such as
3,3’,4,4’-diphenyl sulfone tetracarboxylic dianhydride, 4,4’-oxydiphthalic acid anhydride, 2,3’,3,4’-biphenyltetracarboxylic
dianhydride, 2,2’,3,3’-, 2,3,3’,4’- or 3,3’,4,4’-benzophenone tetracarboxylic dianhydride, 2,3’,3,4’-diphenyl ether tetracar-
boxylic dianhydride, bis(2,3-dicarboxyphenyl)ether dianhydride, 3,3",4,4"-, 2,3,3",4"- or 2,2",3,3"-p-terphenyltetracar-
boxylic dianhydride, 2,2-bis(2,3- or 3,4-dicarboxyphenyl)-propane dianhydride, bis(2,3- or 3.4-dicarboxyphenyl)methane
dianhydride, bis(2,3- or 3,4-dicarboxyphenyl)sulfone dianhydride, 1,1-bis(2,3- or 3,4-dicarboxyphenyl)ethane dianhy-
dride, 1,2,7,8-, 1,2,6,7- or 1,2,9,10-phenanthrene-tetracarboxylic dianhydride, 2,3,6,7-anthracenetetracarboxylic dian-
hydride, 2,2-bis(3,4-dicarboxyphenyl)tetrafluoropropane dianhydride, 2,3,5,6-cyclohexane dianhydride, 1,2,5,6-naph-
thalenetetracarboxylic dianhydride, 1,4,5,8-naphthalenetetracarboxylic dianhydride, 4,8-dimethyl-1,2,3,5,6,7-hexahy-
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dronaphthalene-1,2,5,6-tetracarboxylic dianhydride, 2,6-or 2,7-dichloronaphthalene-1,4,5,8-tetracarboxylic dianhy-
dride, 2,3,6,7-(or 1,4,5,8-)tetrachloro naphthalene-1,4,5,8-(or 2,3,6,7-)tetracarboxylic dianhydride, 2,3,8,9-, 3,4,9,10-,
4,5,10,11- or 5,6,11,12-perylene-tetracarboxylic dianhydride, cyclopentane-1,2,3,4-tetracarboxylic dianhydride, pyra-
zine-2,3,5,6-tetracarboxylic dianhydride, pyrrolidine-2,3,4,5-tetracarboxylic dianhydride, thiophene-2,3,4,5-tetracarbox-
ylic dianhydride, 4,4’-bis(2,3-dicarboxyphenoxy)diphenylmethane dianhydride, and ethylene glycol bisanhydrotrimelli-
tate.

(Diamine residue)

[0058] As the diamine residue contained in the non-thermoplastic polyimide constituting the non-thermoplastic poly-
imide layer 23, a diamine residue derived from the diamine compound represented by General Formula (1) is preferable.

[0059] In Formula (1), the linking group Z indicates a single bond, -COO-, or -NHCO-, Y independently indicates a
halogen atom, a monovalent hydrocarbon having 1 to 3 carbon atoms or an alkoxy group or alkenyl group having 1 to
3 carbon atoms, which may be substituted with a phenyl group, n indicates an integer of 0 to 2, and p and q independently
indicate an integer of 0 to 4. Here, "independently" means that, in Formula (1), the plurality of substituents Y, and the
integers p and q may be the same as or different from each other. Here, in Formula (1), hydrogen atoms in terminal two
amino groups may be substituted, and may be, for example, -NR2R3 (where, R2 and R3 independently indicate arbitrary
substituents such as an alkyl group).
[0060] The diamine compound represented by General Formula (1) (hereinafter may be referred to as a "diamine (1)")
is an aromatic diamine having one to three benzene rings. Since the diamine (1) has rigid structure, it has a function of
imparting the ordered structure to the entire polymers. Therefore, a polyimide having low gas permeability and low
hydroscopicity is obtained, and water in the molecular chain can be reduced. Here, the linking group Z is preferably a
single bond.
[0061] Examples of diamines (1) include 1,4-diaminobenzene (p-PDA; paraphenylene diamine), 2,2’-dimethyl-4,4’-
diaminobiphenyl (m-TB), 2,2’-diethyl-4,4’-diaminobiphenyl (m-EB), 2,2’-diethoxy-4,4’-diaminobiphenyl (m-EOB), 2,2’-
dipropoxy-4,4’-diaminobiphenyl (m-POB), 2,2’-n-propyl-4,4’-diaminobiphenyl (m-NPB), 2,2’-divinyl-4,4’-diaminobiphe-
nyl (VAB), 4,4’-diaminobiphenyl, 4,4’-diamino-2,2’-bis (trifluoromethyl)biphenyl (TFMB), 4-aminophenyl-4’-aminoben-
zoate (APAB), and 4,4’-diamino-2’-methoxybenzanilide (MABA).
[0062] The non-thermoplastic polyimide constituting the non-thermoplastic polyimide layer 23 may contain preferably
20 parts by mole or more, and more preferably 50 parts by mole or more of the diamine residue derived from the diamine
(1) with respect to 100 parts by mole of the entire diamine residues. When the amount of the diamine (1) used is within
the above range, the ordered structure is easily formed in the entire polymers according to the rigid structure derived
from the monomers, and a non-thermoplastic polyimide having low gas permeability and low hydroscopicity is easily
obtained.
[0063] Examples of other diamine residues contained in the non-thermoplastic polyimide constituting the non-thermo-
plastic polyimide layer 23 include diamine residues derived from aromatic diamine compounds such as 2,2-bis-[4-(3-
aminophenoxy)phenyl]propane, bis[4-(3-aminophenoxy)phenyl]sulfone, bis[4-(3-aminophenoxy)biphenyl, bis[1-(3-ami-
nophenoxy)]biphenyl, bis[4-(3-aminophenoxy)phenyl]methane, bis[4-(3-aminophenoxy)phenyl]ether, bis[4-(3-ami-
nophenoxy)]benzophenone, 9,9-bis[4-(3-aminophenoxy)phenyl]fluorene, 2,2-bis-[4-(4-aminophenoxy)phenyl]hex-
afluoropropane, 2,2-bis-[4-(3-aminophenoxy)phenyl]hexafluoropropane, 3,3’-dimethyl-4,4’-diaminobiphenyl, 4,4’-meth-
ylenedi-o-toluidine, 4,4’-methylenedi-2,6-xylidine, 4,4’-methylene-2,6-diethylaniline, 3,3’-diaminodiphenylethane, 3,3’-
diaminobiphenyl, 3,3’-dimethoxybenzidine, 3,3"-diamino-p-terphenyl, 4,4’-[1,4-phenylenebis(1-methylethylidene)]
bisaniline, 4,4’-[1,3-phenylenebis(1-methylethylidene)]bisaniline, bis(p-aminocyclohexyl)methane, bis(p-β-amino-t-
butylphenyl)ether, bis(p-β-methyl-δ-aminopentyl)benzene, p-bis(2-methyl-4-aminopentyl)benzene, p-bis(1,1-dimethyl-
5-aminopentyl)benzene, 1,5-diaminonaphthalene, 2,6-diaminonaphthalene, 2,4-bis(β-amino-t-butyl)toluene, 2,4-diami-
notoluene, m-xylene-2,5-diamine, p-xylene-2,5-diamine, m-xylenediamine, p-xylylene diamine, 2,6-diaminopyridine, 2,5-
diaminopyridine, 2,5-diamino-1,3,4-oxadiazole, piperazine, 2’-methoxy-4,4’-diaminobenzanilide, 4,4’-diaminobenzani-
lide, 1,3-bis[2-(4-aminophenyl)-2-propyl]benzene, 6-amino-2-(4-aminophenoxy)benzoxazole, and 4,4’-diaminodiphenyl
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ether, and diamine residues derived from aliphatic diamine compounds such as a dimer acid type diamine in which two
terminal carboxylic acid groups of a dimer acid are substituted with a primary aminomethyl group or an amino group.
[0064] In the non-thermoplastic polyimide, when the types of the tetracarboxylic acid residues and the diamine residues,
and the molar ratio when two or more types of tetracarboxylic acid residues or diamine residues are applied are selected,
it is possible to control the coefficient of thermal expansion, the storage modulus, the tensile elastic modulus, and the
like. In addition, in the non-thermoplastic polyimide, when the polyimides have a plurality of structural units, they may
be present as a block or randomly, and the polyimides are preferably present randomly.
[0065] Here, it is preferable to set both the tetracarboxylic acid residue and the diamine residue contained in the non-
thermoplastic polyimide as aromatic groups because the dimensional accuracy of the polyimide film in a high temperature
environment can be improved.
[0066] The non-imide group concentration of the thermoplastic polyimide is preferably 33% or less and more preferably
32% or less. Here, the "imide group concentration" is a value obtained by dividing the molecular weight of the imide
group moiety (-(CO)2-N-) in the polyimide by the molecular weight of the entire structure of the polyimide. If the imide
group concentration exceeds 33%, the molecular weight of the resin itself decreases, and the hydroscopicity increases
due to an increase in the number of polar groups. When a combination of the acid anhydride and the diamine compound
is selected, the orientation of molecules in the non-thermoplastic polyimide is controlled, and thus an increase in the
CTE due to a decrease in the imide group concentration is reduced, and low hydroscopicity is secured.
[0067] The weight-average-molecular weight of the non-thermoplastic polyimide is, for example, preferably in a range
of 10,000 to 400,000 and more preferably in a range of 50,000 to 350,000. If the weight-average-molecular weight is
less than 10,000, the strength of the film decreases and the film tends to be brittle. On the other hand, if the weight-
average-molecular weight exceeds 400,000, the viscosity excessively increases, and defects such as film thickness
unevenness and streaks tend to easily occur during a coating operation.
[0068] The glass transition temperature (Tg) of the non-thermoplastic polyimide layer 23 is preferably 280°C or higher
in consideration of heat resistance.
[0069] In addition, as optional components, for example, a plasticizer, other curing resin components such as an epoxy
resin, a curing agent, a curing accelerator, a coupling agent, a filler, a solvent, and a flame retardant can be appropriately
added to the non-thermoplastic polyimide constituting the non-thermoplastic polyimide layer 23.

Thermoplastic polyimide:

[0070] Since the thermoplastic polyimide layer 21 is interposed between the metal layer 10 and the non-thermoplastic
polyimide layer 23 and functions as an adhesive layer, it is preferable to have excellent adhesiveness. The thermoplastic
polyimide constituting the thermoplastic polyimide layer 21 contains the tetracarboxylic acid residue and the diamine
residue, and preferably contains an aromatic tetracarboxylic acid residue derived from an aromatic tetracarboxylic di-
anhydride and an aromatic diamine residue derived from an aromatic diamine.

(Tetracarboxylic acid residue)

[0071] Regarding the tetracarboxylic acid residue used in the thermoplastic polyimide constituting the thermoplastic
polyimide layer 21, those exemplified as the tetracarboxylic acid residue in the non-thermoplastic polyimide constituting
the non-thermoplastic polyimide layer 23 can be used.

(Diamine residue)

[0072] As the diamine residue contained in the thermoplastic polyimide constituting the thermoplastic polyimide layer
21, a diamine residue derived from diamine compounds represented by General Formulae (B1) to (B7) is preferable.
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[0073] In Formulae (B1) to (B7), R1 independently indicates a monovalent hydrocarbon group or alkoxy group having
1 to 6 carbon atoms, the linking group A independently indicates a divalent group selected from among -O-, -S-, -CO-,
-SO-, -SO2-, -COO-, -CH2-, -C(CH3)2-, -NH- and -CONH-, and n1 independently indicates an integer of 0 to 4. However,
duplicated parts of Formula (B3) to Formula (B2) are excluded, and duplicated parts of Formula (B5) to Formula (B4)
are excluded. Here, "independently" means that, in one or two or more parts in one of Formulae (B1) to (B7), a plurality
of linking groups A’s, a plurality of R1’s or a plurality of n1’s may be the same as or different from each other. Here, in
Formulae (B1) to (B7), hydrogen atoms in the two terminal amino groups may be substituted, and for example, -NR3R4
(where, R3 and R4 independently indicate an arbitrary substituent such as an alkyl group) may be used.
[0074] The diamine represented by Formula (B1) (hereinafter may be referred to as a "diamine (B1)") is an aromatic
diamine having two benzene rings. It is conceivable that the diamine (B1) has an amino group directly linked to at least
one benzene ring and a divalent linking group A at the meta positions and thus has a high degree of freedom of the
polyimide molecular chain and high bendability, and contributes to improvement of the flexibility of the polyimide molecular
chain. Therefore, when the diamine (B1) is used, the thermoplasticity of the polyimide is improved. Here, the linking
group A is preferably -O-, -CH2-, -C(CH3)2-, -CO-, -SO2-, or -S-.
[0075] Examples of diamines (B1) include 3,3’-diaminodiphenylmethane, 3,3’-diaminodiphenylpropane, 3,3’-diamin-
odiphenyl sulfide, 3,3’-diaminodiphenyl sulfone, 3,3’-diaminodiphenyl ether, 3,4’-diaminodiphenyl ether, 3,4’-diamin-
odiphenylmethane, 3,4’-diaminodiphenylpropane, 3,4’-diaminodiphenylsulfide, 3,3’-diaminobenzophenone, and (3,3’-
bisamino)diphenylamine.
[0076] The diamine represented by Formula (B2) (hereinafter may be referred to as a "diamine (B2)") is an aromatic
diamine having three benzene rings. It is conceivable that the diamine (B2) has an amino group directly linked to at least
one benzene ring and a divalent linking group A at the meta positions and thus has a high degree of freedom of the
polyimide molecular chain and high bendability, and contributes to improvement of the flexibility of the polyimide molecular
chain. Therefore, when the diamine (B2) is used, the thermoplasticity of the polyimide is improved. Here, the linking
group A is preferably -O-.
[0077] Examples of diamines (B2) include 1,4-bis(3-aminophenoxy)benzene, 3-[4-(4-aminophenoxy)phenoxy]ben-
zenamine, and 3-[3-(4-aminophenoxy)phenoxy]benzenamine.
[0078] The diamine represented by Formula (B3) (hereinafter may be referred to as a "diamine (B3)") is an aromatic
diamine having three benzene rings. It is conceivable that the diamine (B3) has two divalent linking groups A directly
linked to one benzene ring at the meta positions and thus has a high degree of freedom of the polyimide molecular chain
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and high bendability, and contributes to improvement of the flexibility of the polyimide molecular chain. Therefore, when
the diamine (B3) is used, the thermoplasticity of the polyimide is improved. Here, the linking group A is preferably -O-.
[0079] Examples of diamines (B3) include 1,3-bis(4-aminophenoxy)benzene (TPE-R), 1,3-bis(3-aminophenoxy)ben-
zene (APB), 4,4’-[2-methyl-(1,3-phenylene)bisoxy]bisaniline, 4,4’-[4-methyl-(1,3-phenylene)bisoxy]bisaniline, and
4,4’-[5-methyl-(1,3-phenylene)bisoxy]bisaniline.
[0080] The diamine represented by Formula (B4) (hereinafter may be referred to as a "diamine (B4)") is an aromatic
diamine having four benzene rings. It is conceivable that the diamine (B4) has an amino group directly linked to at least
one benzene ring and a divalent linking group A at the meta positions and thus has high bendability, and contributes to
improvement of the flexibility of the polyimide molecular chain. Therefore, when the diamine (B4) is used, the thermo-
plasticity of the polyimide is improved. Here, the linking group A is preferably -O-, -CH2-, -C(CH3)2-, -SO2-, -CO-, or
-CONH-.
[0081] Examples of diamines (B4) include bis[4-(3-aminophenoxy)phenyl]methane, bis[4-(3-aminophenoxy)phenyl]
propane, bis[4-(3-aminophenoxy)phenyl]ether, bis[4-(3-aminophenoxy)phenyl]sulfone, bis[4-(3-aminophenoxy)]benzo-
phenone, and bis[4,4’ -(3-aminophenoxy)]benzanilide.
[0082] The diamine represented by Formula (B5) (hereinafter may be referred to as a "diamine (B5)") is an aromatic
diamine having four benzene rings. It is conceivable that the diamine (B5) has two divalent linking groups A directly
linked to at least one benzene ring at the meta positions, and thus has a high degree of freedom of the polyimide
molecular chain and high bendability, and contributes to improvement of the flexibility of the polyimide molecular chain.
Therefore, when the diamine (B5) is used, the thermoplasticity of the polyimide is improved. Here, the linking group A
is preferably -O-.
[0083] Examples of diamines (B5) include 4-[3-[4-(4-aminophenoxy)phenoxy]phenoxy]aniline, and 4,4’-[oxybis(3,1-
phenyleneoxy)]bisaniline.
[0084] The diamine represented by Formula (B6) (hereinafter may be referred to as a "diamine (B6)") is an aromatic
diamine having four benzene rings. It is conceivable that the diamine (B6) has at least two ether bonds and thus has
high bendability, and contributes to improvement of the flexibility of the polyimide molecular chain. Therefore, when the
diamine (B6) is used, the thermoplasticity of the polyimide is improved. Here, the linking group A is preferably -C(CH3)2-,
-O-, -SO2-, or -CO-.
[0085] Examples of diamines (B6) include 2,2-bis[4-(4-aminophenoxy)phenyl]propane (BAPP), bis[4-(4-aminophe-
noxy)phenyl]ether (BAPE), bis[4-(4-aminophenoxy)phenyl]sulfone (BAPS), and bis[4-(4-aminophenoxy)phenyl]ketone
(BAPK).
[0086] The diamine represented by Formula (B7) (hereinafter may be referred to as a "diamine (B7)") is an aromatic
diamine having four benzene rings. It is conceivable that, since the diamine (B7) has a divalent linking group A having
high bendability on both sides of a diphenyl framework, it contributes to improving the flexibility of the polyimide molecular
chain. Therefore, when the diamine (B7) is used, the thermoplasticity of the polyimide is improved. Here, the linking
group A is preferably -O-.
[0087] Examples of diamines (B7) include bis[4-(3-aminophenoxy)]biphenyl and bis[4-(4-aminophenoxy)]biphenyl.
[0088] The thermoplastic polyimide constituting the thermoplastic polyimide layer 21 may contain 60 parts by mole or
more, preferably a range of 60 parts by mole or more and 100 parts by mole or less, and more preferably a range of 70
parts by mole or more and 100 parts by mole or less of the diamine residue derived from at least one diamine compound
selected from among the diamine (B1) to the diamine (B7) with respect to 100 parts by mole of the entire diamine
residues. Since the diamine (B1) to the diamine (B7) have a molecular structure having bendability, if at least one diamine
compound selected from these is used in an amount within the above range, the flexibility of the polyimide molecular
chain is improved, and thermoplasticity can be imparted. If a total amount of the diamine (B1) to the diamine (B7) in the
raw material is less than 60 parts by mole with respect to 100 parts by mole of the entire diamine components, the
flexibility of the polyimide resin is insufficient and sufficient thermoplasticity cannot be obtained.
[0089] In addition, as the diamine residue contained in the thermoplastic polyimide constituting the thermoplastic
polyimide layer 21, a diamine residue derived from the diamine compound represented by General Formula (1) is also
preferable. The diamine compound represented by Formula (1) [diamine (1)] is the same as those described in the non-
thermoplastic polyimide. Since the diamine (1) has a rigid structure and a function of imparting the ordered structure to
the entire polymers, it can reduce the hydroscopicity by restricting movement of molecules. In addition, when a thermo-
plastic polyimide raw material is used, a polyimide having low gas permeability and excellent long-term heat resistant
adhesiveness is obtained.
[0090] The thermoplastic polyimide constituting the thermoplastic polyimide layer 21 may contain preferably a range
of 1 part by mole or more and 40 parts by mole or less, and more preferably a range of 5 parts by mole or more and 30
parts by mole or less of the diamine residue derived from the diamine (1). When the amount of the diamine (1) used is
within the above range, since the ordered structure is formed in the entire polymers due to a rigid structure derived from
monomers, a polyimide which is thermoplastic and has low gas permeability and hydroscopicity, and excellent long-
term heat resistant adhesiveness is obtained.
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[0091] The thermoplastic polyimide constituting the thermoplastic polyimide layer 21 may contain a diamine residue
derived from a diamine compound other than the diamines (1), and (B1) to (B7) as long as the effects of the invention
are not impaired.
[0092] In the thermoplastic polyimide, when the types of the tetracarboxylic acid residues and the diamine residues,
and the molar ratio when two or more types of tetracarboxylic acid residues or diamine residues are applied are selected,
it is possible to control the coefficient of thermal expansion, the tensile elastic modulus, the glass transition temperature,
and the like. In addition, in the thermoplastic polyimide, when the polyimides have a plurality of structural units, they
may be present as a block or randomly, and the polyimides are preferably present randomly.
[0093] Here, when both the tetracarboxylic acid residue and the diamine residue contained in the thermoplastic poly-
imide are set as aromatic groups, it is possible to improve the dimensional accuracy of the polyimide film in a high
temperature environment.
[0094] The imide group concentration of the thermoplastic polyimide is preferably 33% or less and more preferably
32% or less. Here, the "imide group concentration" is a value obtained by dividing the molecular weight of the imide
group moiety (-(CO)2-N-) in the polyimide by the molecular weight of the entire structure of the polyimide. If the imide
group concentration exceeds 33%, the molecular weight of the resin itself decreases, and the hydroscopicity increases
due to an increase in the number of polar groups. When a combination of the diamine compounds is selected, the
orientation of molecules in the non-thermoplastic polyimide is controlled, and thus an increase in the CTE due to a
decrease in the imide group concentration is reduced, and low hydroscopicity is secured.
[0095] The weight-average-molecular weight of the thermoplastic polyimide is, for example, preferably in a range of
10,000 to 400,000 and more preferably in a range of 50,000 to 350,000. If the weight-average-molecular weight is less
than 10,000, the strength of the film decreases and the film tends to be brittle. On the other hand, if the weight-average-
molecular weight exceeds 400,000, the viscosity excessively increases, and defects such as film thickness unevenness
and streaks tend to easily occur during a coating operation.
[0096] Since the thermoplastic polyimide constituting the thermoplastic polyimide layer 21 is interposed between the
metal layer 10 and the non-thermoplastic polyimide layer 23 and functions as an adhesive layer, a completely imidized
structure is most preferable in order to prevent diffusion of metal elements into the polyimide insulation layer 20. However,
a part of the polyimide may be an amic acid. An infrared absorption spectrum of a polyimide thin film is measured using
a Fourier transform infrared spectrophotometer (FT/IR620 commercial product: commercially available from JASCO
Corporation) according to a single reflection ATR method, and the imidization rate is calculated from the absorbance of
C=O expansion and contraction derived from the imide group at 1,780 cm-1 based on a benzene ring absorber near
1,015 cm-1.
[0097] In addition, in addition to the polyimide, as optional components, for example, a plasticizer, other curing resin
components such as an epoxy resin, a curing agent, a curing accelerator, an inorganic filler, a coupling agent, a filler,
a solvent, and a flame retardant can be appropriately added to the resin used for the thermoplastic polyimide layer 21.

(Synthesis of polyimide)

[0098] The polyimide constituting the polyimide insulation layer 20 can be produced by reacting the acid anhydride
and the diamine in a solvent to produce a precursor resin and then heating and closing the ring. For example, approximately
equal molar amounts of the acid anhydride component and the diamine component are dissolved in an organic solvent,
the mixture is stirred in a temperature range of 0 to 100°C for 30 minutes to 24 hours, a polymerization reaction is caused,
and a polyamic acid which is a polyimide precursor is obtained. In the reaction, reaction components are dissolved in
an organic solvent so that the amount of the precursor to be produced is in a range of 5 to 30 wt%, preferably a range
of 10 to 20 wt%. Examples of organic solvents used in the polymerization reaction include N,N-dimethylformamide, N,N-
dimethylacetamide (DMAc), N-methyl-2-pyrrolidone, 2-butanone, dimethylsulfoxide, dimethyl sulfate, cyclohexanone,
dioxane, tetrahydrofuran, diglyme, and triglyme. Two or more of these solvents can be used in combination, and addi-
tionally, aromatic hydrocarbons such as xylene and toluene can be used in combination. In addition, the amount of such
an organic solvent used is not particularly limited, but preferably, the amount used is adjusted so that the concentration
of the polyamic acid solution (polyimide precursor solution) obtained by the polymerization reaction is about 5 to 30 wt%.
[0099] In the polyimide synthesis, each of the acid anhydride and the diamine may be used alone or two or more types
thereof may be used in combination. When the types of the acid anhydride and the diamine, and the molar ratio when
two or more types of acid anhydrides or diamines are used are selected, it is possible to control the thermal expansion,
the adhesiveness, the glass transition temperature and the like.
[0100] The synthesized precursor is generally advantageous for use as a reaction solvent solution, but as necessary,
it can be concentrated, diluted or replaced with another organic solvent. In addition, the precursor generally has excellent
solvent solubility, and thus its use is favorable. The method of imidizing the precursor is not particularly limited, and for
example, a heat treatment such as heating in a temperature condition range of 80 to 400°C for 1 to 24 hours in the
solvent, is suitably used.
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[0101] The metal-clad laminate for flexible electronic devices 30 according to the present embodiment having the
above configuration is left in an atmosphere at 23°C and a humidity of 50% so that the convex surface at the 50 mm
square center part after humidity control for 24 hours is in contact with a flat surface, and when the maximum value of
the raised-up amounts of four corners is set as an amount of warpage, the amount of warpage is 10 mm or less. If the
amount of warpage exceeds 10 mm, handling properties deteriorate, and it is difficult to form an organic EL layer on the
device forming surface S (the exposed surface that is not in contact with the metal layer 10) of the polyimide insulation
layer 20.
[0102] In the metal-clad laminate for flexible electronic devices 30 according to the present embodiment, in order to
secure a gas barrier property, the water vapor permeability is preferably 10-6 g/(m2·day) or less.

[Method of producing metal-clad laminate for flexible electronic devices]

[0103] In the metal-clad laminate for flexible electronic devices 30 according to the present embodiment, the polyimide
insulation layer 20 is preferably formed by a so-called casting method. The casting method is a method in which a resin
solution of a polyamic acid, which is a polyimide precursor, is applied to a metal foil, which is a raw material of the metal
layer 10, and a coating film is formed, and then dried and cured by a heat treatment. In the casting method, it is easy to
control the thickness, the coefficient of thermal expansion, and the coefficient of humidity expansion of the polyimide
insulation layer 20, and the smoothness of the device forming surface S in the polyimide insulation layer 20 and adhesion
to the metal layer 10.
[0104] In the casting method, the coating film can be formed by applying a polyamic acid resin solution to a metal foil
that is the metal layer 10 and then drying. In this case, the film can be formed by sequentially applying other polyamic
acid solutions composed of different constituent components to a polyamic acid solution, or a polyamic acid solution
having the same configuration may be applied twice or more. In addition, multi-layered coating films may be simultane-
ously laminated and formed by multi-layer extrusion. In addition, a polyamic acid coating film is once imidized to form a
single polyimide layer or a plurality of polyimide layers, and then a polyamic acid resin solution is additionally applied
thereto to cause imidization, and thereby the polyimide insulation layer 20 can be formed. The coating method is not
particularly limited, and for example, coating can be performed with a coater such as a comma, a die, a knife, or a lip.
In this case, a stainless steel foil having a cut sheet shape, a roll shape, or an endless belt shape can be used. In order
to obtain productivity, it is efficient to use a roll form or an endless belt form so that continuous production is possible.
[0105] The imidization method is not particularly limited, and for example, a heat treatment such as heating in a
temperature condition range of 80 to 400°C and a time range of 1 to 60 minutes is suitably used. In order to minimize
oxidation of the metal layer 10, a heat treatment in a low oxygen atmosphere is preferable, and specifically, is preferably
performed in an inert gas atmosphere such as a nitrogen or rare gas, a reduction gas atmosphere such as hydrogen,
or in a vacuum. According to the heat treatment, the polyamic acid in the coating film is imidized to form a polyimide.
[0106] Regarding the method of producing the metal-clad laminate for flexible electronic devices 30 according to the
present embodiment, a case in which the metal-clad laminate for flexible electronic devices 30 in which the metal layer
10 is a stainless steel layer is produced by the casting method will be exemplified and described in more detail.
[0107] First, a stainless steel foil is prepared. Then, a polyamic acid resin solution is applied to the stainless steel foil
and dried to form a first-layer coating film. The first-layer coating film is a precursor resin layer of the non-thermoplastic
polyimide in the embodiment shown in Fig. 1, and a precursor resin layer of the thermoplastic polyimide in the embodiment
shown in Fig. 2. In the embodiment shown in Fig. 2, a polyamic acid resin solution is additionally applied to the first-
layer coating film and dried to form a second-layer coating film. In this case, the second-layer coating film is a precursor
resin layer of the non-thermoplastic polyimide. As necessary, third-or subsequent layer coating films may be sequentially
formed in the same manner while selecting the type of the polyamic acid.
[0108] Then, when the single precursor resin layer or the plurality of precursor resin layers are heated and polyamic
acids of the precursor resin layers are imidized, the metal-clad laminate for flexible electronic devices 30 in which the
single polyimide insulation layer 20 or the plurality of polyimide insulation layers 20 are laminated on the stainless steel
layer as the metal layer 10 can be produced.

[Flexible electronic device]

[0109] The flexible electronic device according to one embodiment of the present invention includes the metal-clad
laminate for flexible electronic devices 30. For example, when the flexible electronic device is an organic EL device,
although not shown, it includes the metal-clad laminate for flexible electronic devices 30 and a layer containing an organic
EL element (organic EL layer) laminated on the device forming surface S (the exposed surface that is not in contact with
the metal layer 10) of the polyimide insulation layer 20 in the metal-clad laminate for flexible electronic devices 30. Here,
the organic EL layer and other configurations are the same as those of a general flexible organic EL device.
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Examples

[0110] Hereinafter, the contents of the present invention will be described in detail with reference to examples, but the
present invention is not limited to the scope of these examples. Here, in the following examples, unless otherwise
specified, various measurements and evaluations are as follows.

[Measurement of viscosity]

[0111] The viscosity of a polyamic acid solution obtained in a synthesis example was measured at 25°C using a cone
plate type viscometer with a constant temperature bath (commercially available from Tokimec Co., Ltd.).

[Measurement of coefficient of thermal expansion (CTE)]

1) CTE of polyimide film

[0112] A polyimide film having a size of 3 mm320 mm was heated from 30°C to 250°C at a temperature rise rate of
10°C/min while a load of 5.0 g was applied using a thermomechanical analyzer (product name; 4000SA commercially
available from Bruker), and additionally, the temperature was maintained for 10 minutes, and cooling was then performed
at a rate of 5°C/min, and an average coefficient of thermal expansion (coefficient of thermal expansion, CTE) from 250°C
to 100°C was obtained.

2) CTE of metal foil

[0113] A metal foil having a size of 3 mm315 mm was subjected to a tensile test in which the temperature was raised
or lowered in a temperature range of room temperature °C to 300°C at a certain temperature rise rate (10°C/min) and
temperature decrease rate (10°C/min) while a load of 5.0 g was applied in a thermomechanical analysis (TMA: device
name TMA/SS6100) device, and the coefficient of thermal expansion (ppm/K) in the plane direction was measured from
the change in the amount of elongation with respect to the temperature change from 100°C to 30°C when the temperature
was lowered.

[Measurement of warpage]

[0114] For the warpage, a sample having a size of 50 mm350 mm was left in an atmosphere at 23°C and a humidity
of 50% so that the convex surface at the center part of the sample after humidity control for 24 hours was in contact with
a flat surface, the distances of raising-up from the static surface of four corners of the sample were measured, and the
maximum value thereof was used as an amount of warpage, and if the amount of warpage exceeded 10 mm, it was
evaluated as poor, and if the amount of warpage was 10 mm or less, it was evaluated as good.

[Measurement of glass transition temperature (Tg)]

[0115] The dynamic viscoelasticity when the polyimide film (10 mm322.6 mm) was heated from 20°C to 500°C at a
rate of 5°C/min with a dynamic thermomechanical analysis device was measured, and the glass transition temperature
(Tanδ maximum value: °C) was determined.

[Measurement of thermal decomposition temperature (Td5)]

[0116] The change in weight when a polyimide film having a weight of 10 to 20 mg was heated in a nitrogen atmosphere
from 30°C to 550°C at a certain rate in a thermogravimetric analysis (TG) device (TG/DTA6200, commercially available
from SEIKO) was measured, the weight at 200°C was set to zero, and the temperature when the weight reduction rate
was 5% was set as a thermal decomposition temperature (Td5).

[Measurement of surface roughness (Ra and Rz)]

[0117] The surface roughness was measured using an AFM (product name: Dimension Icon type SPM commercially
available from Bruker AXS), and a probe (commercially available from Bruker AXS, product name: TESPA(NCHV) at a
tip curvature radius of 10 nm and a spring constant of 42 N/m) in a tapping mode and in a range of 1 mm31mm, and the
arithmetic mean roughness (Ra) and the maximum depth (Rz) were determined.
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[Measurement of adhesiveness]

[0118] During "measurement of warpage," in a procedure of cutting to a predetermined size in order to prepare a
sample, if the polyimide insulation layer and the metal foil were peeled off, the sample was evaluated as poor, and if
they were not peeled off, the sample was evaluated as good.

[Measurement of hygroscopicity]

[0119] A polyimide film (4 cm320 cm) was dried at 120°C for 2 hours and then left in a constant temperature and
humidity constant machine at 23°C/50% RH for 24 hours, and the change in weight before and after this procedure was
determined by the following formula. 

[Measurement of coefficient of hygroscopic expansion (CHE)]

[0120] A polyimide film was dried at 120°C for 2 hours and then left in a TMA 4000SA humidity expansion coefficient
measurement device (commercially available from BRUKER) in a humidity condition of 23°C/50% RH for 24 hours, and
the coefficient of humidity expansion was determined.

[Measurement of tensile elastic modulus]

[0121] A tensile test was performed using a tensilon universal test machine (product name; RTA-250 commercially
available from Orientec Co., Ltd.) at a tensile speed of 10 mm/min in an environment of a temperature of 23 °C and a
relative humidity of 50% RH, and the tensile elastic modulus was measured.

[Measurement of water vapor permeability]

[0122] Measurement was performed using a gas barrier evaluation test machine (commercially available from Moresco
Corporation) according to a WVTR method. The water vapor permeability was measured under conditions of a meas-
urement surface diameter of 60 mm, 40°C, 90% RH, and a test differential pressure of 1 atm. In this case, for detection
of permeated water vapor, a gas was detected by a quadrupole mass spectrometer (QMS).
[0123] Abbreviations used in examples and the like indicate the following compounds.

PMDA: pyromellitic acid dianhydride
BPDA: 3,3’,4,4’-biphenyltetracarboxylic dianhydride
m- TB: 2,2’-dimethyl-4,4’-diaminobiphenyl
BAPP: 2,2-bis(4-aminophenoxyphenyl)propane
MABA: 4,4’-diamino-2’-methoxybenzanilide
DAPE: 4,4’-diaminodiphenyl ether
TPE-R: 1,3-bis (4-aminophenoxy)benzene
DMAc: N,N-dimethylacetamide

Synthesis Examples 1 to 7

[0124] In order to synthesize polyamic acid solutions A to G, under a nitrogen stream, a solvent DMAc was put into a
300 ml separable flask so that the solid content concentration shown in Table 1 was obtained, and diamine components
and acid anhydride components shown in Table 1 were dissolved at room temperature with stirring for 10 minutes. Then,
the solutions were continuously stirred at room temperature for 10 hours to cause a polymerization reaction, and viscous
polyamic acid solutions A to G were prepared.



EP 4 029 690 A1

16

5

10

15

20

25

30

35

40

45

50

55

[Example 1]

[0125] The polyamic acid solution A was uniformly applied to a stainless steel foil 1 (SUS304, thickness; 30 mm,
coefficient of thermal expansion; 17 ppm/K, Ra; 5.12 nm, Rz; 43.3 nm) so that the thickness after curing was 4.9 mm,
and then heated and dried at 120°C, and the solvent was removed. Next, a stepwise heat treatment was performed
from 130°C to 360°C to complete imidization, and thereby a metal-clad laminate 1a was prepared.
[0126] The adhesiveness and warpage of the metal-clad laminate 1a were good, and the Ra and Rz of the exposed
surface of the polyimide insulation layer that was not in contact with the stainless steel foil 1 were 0.37 nm and 4.4 nm,
respectively. The results are shown in Table 2.
[0127] In addition, a polyimide film 1a was prepared by etching and removing the stainless steel foil 1 on the metal-
clad laminate 1a using a ferric chloride aqueous solution. The CTE of the polyimide film 1a was 5 ppm/K, the Td5 was
517°C, the Tg was 365°C, the CHE was 9 ppm/% RH, and the hygroscopicity was 0.91 wt%. The results are shown in
Table 3.

<Evaluation of flexible electronic device >

[0128] A thin film transistor was formed on the surface of the polyimide insulation layer in the metal-clad laminate 1a
prepared in Example 1, and additionally, an electrode, an organic EL layer and an electrode were sequentially formed
thereon, these were hermetically sealed with a glass substrate, and thereby a flexible electronic device 1 was prepared.
The flexible electronic device 1 was left in a constant temperature and humidity constant machine at 40°C/90% RH for
1,000 hours, and it was confirmed that the change in the brightness of the flexible electronic device 1 was within 10%.

<Evaluation of heat resistance>

[0129] The metal-clad laminate 1a prepared in Example 1 was heated in a nitrogen atmosphere from room temperature
to 400°C, and maintained at 400°C for 30 minutes, and then cooled to room temperature. The oxygen concentration
when the temperature was maintained at 400°C was 50 ppm or less. The adhesiveness of the metal-clad laminate 1a
after heating and cooling was good, and the warpage of the sample obtained by cutting the metal-clad laminate 1a to a
size of 5 cm35 cm was 0.5 mm, which was good.

[Example 2]

[0130] A metal-clad laminate 2b and a polyimide film 2b were prepared in the same manner as in Example 1 except
that the polyamic acid solution B was used and coating was performed so that the thickness after curing was 5 mm.
[0131] The adhesiveness and warpage of the metal-clad laminate 2b were good, and the Ra and Rz of the exposed

[Table 1]

Synthesis Example

1 2 3 4 5 6 7

Polyamic acid solution A B C D E F G

m-TB [g] 19.12 9.15 21.24 16.57 2.51

TPE-R [g] 2.92 2.53 15.73

MABA [g] 15.48

DAPE [g] 7.04 8.01

BAPP [g] 1.27 23.25

PMDA [g] 17.18 16.81 21.01 21.52 14.89 11.90 5.07

BPDA [g] 5.79 1.49 5.02 0.84 12.69

DMAc [g] 255 267 255 255 261 264 264

Total amount [g] 300 300 300 300 300 300 300

Viscosity [cP] 17,380 2,992 7,890 255 7,260 921 1,280

Solid content [wt%] 15 11 15 15 13 12 12
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surface of the polyimide insulation layer that was not in contact with the stainless steel foil 1 were 0.34 nm and 3.2 nm,
respectively. The results are shown in Table 2.
[0132] In addition, the CTE of the polyimide film 2b was 11.3 ppm/K, the Td5 was 510°C, the Tg was 390°C, the CHE
was 14 ppm/% RH, and the hygroscopicity was 1.2 wt%. The results are shown in Table 3.

[Example 3]

[0133] A metal-clad laminate 3c and a polyimide film 3c were prepared in the same manner as in Example 1 except
that the polyamic acid solution C was used and coating was performed so that the thickness after curing was 5 mm.
[0134] The adhesiveness and warpage of the metal-clad laminate 3c were good, and the Ra and Rz of the exposed
surface of the polyimide insulation layer that was not in contact with the stainless steel foil 1 were 0.39 nm and 4.5 nm,
respectively. The results are shown in Table 2.
[0135] In addition, the CTE of the polyimide film 3c was 3 ppm/K, the Td5 was 510°C, the Tg was 310°C, the CHE
was 15 ppm/% RH, and the hygroscopicity was 1.3 wt%. The results are shown in Table 3.

[Example 4]

[0136] A metal-clad laminate 4d and a polyimide film 4d were prepared in the same manner as in Example 1 except
that the polyamic acid solution D was used and coating was performed so that the thickness after curing was 4.9 mm.
[0137] The adhesiveness and warpage of the metal-clad laminate 4d were good, and the Ra and Rz of the exposed
surface of the polyimide insulation layer that was not in contact with the stainless steel foil 1 were 0.32 nm and 3.1 nm,
respectively. The results are shown in Table 2.
[0138] In addition, the CTE of the polyimide film 4d was 11.9 ppm/K, the Td5 was 492°C, the Tg was 372°C, the CHE
was 26 ppm/% RH, and the hygroscopicity was 1.6 wt%. The results are shown in Table 3.

[Example 5]

[0139] A metal-clad laminate 5e and a polyimide film 5e were prepared in the same manner as in Example 1 except
that the polyamic acid solution E was used and coating was performed so that the thickness after curing was 3.2 mm.
[0140] The adhesiveness and warpage of the metal-clad laminate 5e were good, and the Ra and Rz of the exposed
surface of the polyimide insulation layer that was not in contact with the stainless steel foil 1 were 0.5 nm and 5.2 nm,
respectively. The results are shown in Table 2.
[0141] In addition, the CTE of the polyimide film 5e was 2 ppm/K, the Td5 was 517°C, the Tg was 365°C, the CHE
was 9 ppm/% RH, and the hygroscopicity was 0.9 wt%. The results are shown in Table 3.

[Example 6]

[0142] A metal-clad laminate 6b and a polyimide film 6b were prepared in the same manner as in Example 1 except
that the stainless steel foil 2 (SUS304, thickness; 50 mm, coefficient of thermal expansion; 17 ppm/K, Ra; 9.8 nm, Rz;
72.2 nm) was used in place of the stainless steel foil 1, the polyamic acid solution B was used in place of the polyamic
acid solution A, and coating was performed so that the thickness after curing was 6.3 mm.
[0143] The adhesiveness and warpage of the metal-clad laminate 6b were good, and the Ra and Rz of the exposed
surface of the polyimide insulation layer that was not in contact with the stainless steel foil 2 were 0.34 nm and 4.2 nm,
respectively. The results are shown in Table 2.
[0144] In addition, the CTE of the polyimide film 6b was 6.1 ppm/K, the Td5 was 510°C, the Tg was 513°C, the CHE
was 14 ppm/% RH, and the hygroscopicity was 1.2 wt%. The results are shown in Table 3.

Comparative Example 1

[0145] A metal-clad laminate f and a polyimide film f were prepared in the same manner as in Example 1 except that
the polyamic acid solution F was used and coating was performed so that the thickness after curing was 5.5 mm.
[0146] The adhesiveness of the metal-clad laminate f was good, but the warpage was poor. In addition, the Ra and
Rz of the exposed surface of the polyimide insulation layer that was not in contact with the stainless steel foil 1 were 0.5
nm and 4.6 nm, respectively. The results are shown in Table 2.
[0147] In addition, the CTE of the polyimide film f was 56 ppm/K, the Td5 was 511°C, the Tg was 310°C, the CHE
was 7 ppm/% RH, and the hygroscopicity was 0.2 wt%. The results are shown in Table 3.
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Comparative Example 2

[0148] A metal-clad laminate g and a polyimide film g were prepared in the same manner as in Example 1 except that
the polyamic acid solution G was used and coating was performed so that the thickness after curing was 4.7 mm.
[0149] The adhesiveness of the metal-clad laminate g was good, but the warpage was poor. In addition, the Ra and
Rz of the exposed surface of the polyimide insulation layer that was not in contact with the stainless steel foil 1 were
0.68 nm and 7.8 nm, respectively. The results are shown in Table 2.
[0150] In addition, the CTE of the polyimide film g was 51 ppm/K, the Td5 was 511°C, the Tg was 215°C, the CHE
was 8 ppm/% RH, and the hygroscopicity was 0.3 wt%. The results are shown in Table 3.
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[Example 7]

[0151] The polyamic acid solution F was uniformly applied to the stainless steel foil 1 so that the thickness after curing
was 1.5 mm, and then heated and dried at 120°C, and the solvent was removed. Next, the polyamic acid solution A was
uniformly applied so that the thickness after curing was 3.2 mm, and a stepwise heat treatment was then performed from
130°C to 360°C to complete imidization, and thereby a metal-clad laminate 7 was prepared. The adhesiveness and
warpage of the metal-clad laminate 7 were good, and the Ra and Rz of the exposed surface of the polyimide insulation
layer that was not in contact with the stainless steel foil 1 were 0.38 nm and 3.2 nm, respectively.
[0152] In addition, in the same manner as in Example 1, a polyimide film 7 was prepared by etching and removal. The
CTE of the polyimide film 7 was 20 ppm/K, and the CHE was 8 ppm/% RH

[Example 8]

[0153] The polyamic acid solution B was uniformly applied to the stainless steel foil 1 so that the thickness after curing
was 2.2 mm, and then heated and dried at 120°C, and the solvent was removed. Next, the polyamic acid solution A was
uniformly applied so that the thickness after curing was 3.2 mm, and a stepwise heat treatment was then performed from
130°C to 360°C to complete imidization, and thereby a metal-clad laminate 8 was prepared.
[0154] The adhesiveness and warpage of the metal-clad laminate 8 were good, and the Ra and Rz of the exposed
surface of the polyimide insulation layer that was not in contact with the stainless steel foil 1 were 0.39 nm and 3.8 nm,
respectively.
[0155] In addition, a polyimide film 8 was prepared by etching and removal in the same manner as in Example 1. The
CTE of the polyimide film 8 was 7 ppm/K, and the CHE was 11 ppm/% RH.

[Example 9]

[0156] A metal-clad laminate 9a and a polyimide film 9a were prepared in the same manner as in Example 1 except
that the stainless steel foil 3 (SUS444, thickness; 25 mm, coefficient of thermal expansion; 11 ppm/K, tensile elastic
modulus; 215 GPa, Ra; 5.58 nm, Rz; 36.4 nm) was used in place of the stainless steel foil 1, and coating was performed
so that the thickness after curing the polyamic acid solution A was 6.0 mm.
[0157] The adhesiveness and warpage of the metal-clad laminate 9a were good, and the Ra and Rz of the exposed
surface of the polyimide insulation layer that was not in contact with the stainless steel foil 3 were 0.31 nm and 3.2 nm,
respectively. The results are shown in Table 4.
[0158] In addition, the CTE of the polyimide film 9a was -1.6 ppm/K, the Td5 was 517°C, the Tg was 365°C, the CHE
was 9 ppm/% RH, the hygroscopicity was 0.91 wt%, and the tensile elastic modulus was 10.5 GPa. The results are
shown in Table 5.

[Example 10]

[0159] A metal-clad laminate 10b and a polyimide film 10b were prepared in the same manner as in Example 1 except

[Table 3]

Polyimide film

Type Thickness 
[mm]

CTE 
[ppm/K]

Td5 
[°C]

Tg 
[°C]

CHE [ppm/
% RH]

Hygroscopicity 
[wt%]

Example 1 1a 4.9 5 517 365 9 0.91

2 2b 5 11.3 510 390 14 1.2

3 3c 5 3 510 310 15 1.3

4 4d 4.9 11.9 492 372 26 1.6

5 5e 3.2 2 517 365 9 0.9

6 6b 6.3 6.1 510 513 14 1.2

Comparative 
Example

1 f 5.5 56 511 310 7 0.2

2 g 4.7 51 511 215 8 0.3
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that the stainless steel foil 3 was used in place of the stainless steel foil 1, the polyamic acid solution B was used in
place of the polyamic acid solution A, and coating was performed so that the thickness after curing was 6.0 mm.
[0160] The adhesiveness and warpage of the metal-clad laminate 10b were good, and the Ra and Rz of the exposed
surface of the polyimide insulation layer that was not in contact with the stainless steel foil 3 were 0.25 nm and 2.1 nm,
respectively. The results are shown in Table 4.
[0161] In addition, the CTE of the polyimide film 10b was 6.4 ppm/K, the Td5 was 510°C, the Tg was 390°C, the CHE
was 14 ppm/% RH, the hygroscopicity was 1.2 wt%, and the tensile elastic modulus was 8.5 GPa. The results are shown
in Table 5.

[Example 11]

[0162] A metal-clad laminate 11a and a polyimide film 11a were prepared in the same manner as in Example 1 except
that the titanium foil 1 (TR270C, thickness; 50 mm, coefficient of thermal expansion; 11 ppm/K, tensile elastic modulus;
113 GPa, Ra; 9.71 nm, Rz; 97.5 nm) was used in place of the stainless steel foil 1, and coating was performed so that
the thickness after curing the polyamic acid solution A was 6.0 mm.
[0163] The adhesiveness and warpage of the metal-clad laminate 11a were good, and the Ra and Rz of the exposed
surface of the polyimide insulation layer that was not in contact with the titanium foil 1 were 0.24 nm and 2.5 nm,
respectively. The results are shown in Table 4.
[0164] In addition, the CTE of the polyimide film 11a was -1.6 ppm/K, the Td5 was 517°C, the Tg was 365°C, the CHE
was 9 ppm/% RH, the hygroscopicity was 0.91 wt%, and the tensile elastic modulus was 10.5 GPa. The results are
shown in Table 5.

[Example 12]

[0165] A metal-clad laminate 12b and a polyimide film 12b were prepared in the same manner as in Example 1 except
that the titanium foil 1 was used in place of the stainless steel foil 1, the polyamic acid solution B was used in place of
the polyamic acid solution A, and coating was performed so that the thickness after curing was 6.0 mm.
[0166] The adhesiveness and warpage of the metal-clad laminate 12b were good, and the Ra and Rz of the exposed
surface of the polyimide insulation layer that was not in contact with the titanium foil 1 were 0.28 nm and 3.7 nm,
respectively. The results are shown in Table 4.
[0167] In addition, the CTE of the polyimide film 12b was 6.4 ppm/K, the Td5 was 510°C, the Tg was 390°C, the CHE
was 14 ppm/% RH, the hygroscopicity was 1.2 wt%, and the tensile elastic modulus was 8.5 GPa. The results are shown
in Table 5.
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[Example 13]

[0168] A metal-clad laminate 13a and a polyimide film 13a were prepared in the same manner as in Example 1 except
that coating was performed so that the thickness after curing the polyamic acid solution A was 12.2 mm.
[0169] The adhesiveness and warpage of the metal-clad laminate 13a were good, and the Ra and Rz of the exposed
surface of the polyimide insulation layer that was not in contact with the stainless steel foil 1 were 0.57 nm and 9.4 nm,
respectively.
[0170] In addition, the CTE of the polyimide film 13a was 22 ppm/K, the Td5 was 517°C, the Tg was 365°C, the CHE
was 9 ppm/% RH, and the hygroscopicity was 0.91 wt%.

<Verification of effect of water vapor barrier property in metal-clad laminate>

(Reference Example 1)

[0171] The stainless steel foil 2 was cut to a size of 12 cm312 cm, a hole was made in the center part by processing
with a laser and a stainless steel foil 2’ was prepared. The hole size on the surface of the stainless steel foil 2’ on the
laser inlet side (upper side) had a diameter of 9.1 mm, the hole size on the surface on the laser outlet side (lower side)
had a diameter of 32.3 mm, and a conical hole was formed. The water vapor permeability in the stainless steel foil 2’
was 6.5310-3 g/(m2·day). Here, in the evaluation of the water vapor permeability, water vapor was touched from the
upper side of the center part of the stainless steel foil 2’.

(Reference Case Example 1)

[0172] The polyamic acid solution A was uniformly applied on the upper side of the stainless steel foil 2’ prepared in
Reference Example 1 so that the thickness after curing was 5.0 mm, and then heated and dried at 120°C, and the solvent
was removed. Next, a stepwise heat treatment was performed from 130°C to 360°C to complete imidization, and thereby
a metal-clad laminate 14a’ was prepared.
[0173] In the metal-clad laminate 14a’, water vapor was touched from the side of the polyimide insulation layer under
conditions of 40°C and 90% RH, and the water vapor permeability was measured over 4 days, but it was confirmed that
the water vapor permeability was less than the measurement lower limit value (1.0310-7 g/(m2·day)), and the effect of
the water vapor barrier property by the polyimide insulation layer was strong.

[Example 14]

[0174] A metal-clad laminate 14a and a polyimide film 14a were prepared in the same manner as in Example 1 except
that the stainless steel foil 2 was used in place of the stainless steel foil 1, and coating was performed so that the thickness
after curing the polyamic acid solution A was 5.0 mm.
[0175] In the metal-clad laminate 14a, water vapor was touched from the side of the polyimide insulation layer under
conditions of 40°C and 90% RH, and the water vapor permeability was measured over 4 days, but it was less than the
measurement lower limit value (1.0310-7 g/(m2·day)).
[0176] While embodiments of the present invention have been described above in detail for the purpose of illustration,
the present invention is not limited to the embodiments.
[0177] Priority is claimed on Japanese Patent Application No. 2019-165629, filed September 11, 2019, the content of

[Table 5]

Polyimide film

Type Thickness 
[mm]

CTE 
[ppm/K]

Td5 
[°C]

Tg 
[°C]

CHE 
[ppm/
% RH]

Hygroscopicity 
[wt%]

Tensile elastic 
modulus [GPa]

Example 9 9a 6 -1.6 517 365 9 0.91 10.5

10 10b 6 6.4 510 390 14 1.2 8.5

11 11a 6 -1.6 517 365 9 0.91 10.5

12 12b 6 6.4 510 390 14 1.2 8.5
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which is incorporated herein by reference.

[Reference Signs List]

[0178]

10 Metal layer
20 Polyimide insulation layer
21 Thermoplastic polyimide layer
23 Non-thermoplastic polyimide layer
30 Metal-clad laminate for flexible electronic devices
S Device forming surface

Claims

1. A metal-clad laminate for flexible electronic devices comprising a metal layer and a polyimide insulation layer com-
prising a single polyimide layer or a plurality of polyimide layers laminated on one surface of the metal layer,
(f); wherein the polyimide insulation layer satisfies the following conditions (a) to

(a) the thickness is in a range of 3 mm or more and 25 mm or less;
(b) a thickness ratio with respect to the metal layer is in a range of 0.1 or more and 0.5 or less;
(c) the coefficient of thermal expansion is 25 ppm/K or less;
(d) the coefficient of humidity expansion is 30 ppm/% RH or less;
(e) the arithmetic mean roughness (Ra) of an exposed surface that is not in contact with the metal layer is 1.0
nm or less; and
(f) a polyimide constituting the polyimide layer having an exposed surface that is not in contact with the metal
layer is non-thermoplastic.

2. The metal-clad laminate for flexible electronic devices according to claim 1, Wherein a ratio of a tensile elastic
modulus of the polyimide insulation layer to a tensile elastic modulus of the metal layer is in a range of 1/70 or more
and 1/10 or less.

3. The metal-clad laminate for flexible electronic devices according to claim 1 or 2,
wherein the coefficient of thermal expansion of the metal layer is in a range of 1 ppm/K or more and 25 ppm/K or less.

4. The metal-clad laminate for flexible electronic devices according to any one of claims 1 to 3,
wherein the thickness of the metal layer is in a range of 10 mm or more and 50 mm or less.

5. The metal-clad laminate for flexible electronic devices according to any one of claims 1 to 4,
Wherein the polyimide insulation layer is a single layer.

6. The metal-clad laminate for flexible electronic devices according to any one of claims 1 to 5,
wherein the water vapor permeability is 10-6 g/(m2·day) or less.

7. The metal-clad laminate for flexible electronic devices according to any one of claims 1 to 6,
wherein the laminate is left in an atmosphere at 23°C and a humidity of 50% so that a convex surface at the 50 mm
square center part after humidity control for 24 hours is in contact with a flat surface, and when the maximum value
of raised-up amounts of four corners is set as an amount of warpage, the amount of warpage is 10 mm or less.

8. A flexible electronic device, comprising:

The metal-clad laminate for flexible electronic devices according to any one of claims 1 to 7; and
an organic EL layer laminated on an exposed surface of the polyimide insulation layer that is not in contact with
the metal layer in the metal-clad laminate for flexible electronic devices.
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