10

- 15

20

25

DESCRIPTION

Title of Invention: LAMINATE AND SUBSTRATE FOR MOUNTING A
SEMICONDUCTOR DEVICE, AND METHODS FOR PRODUCING THE SAME

Technical Field
[0001]
The present invention relates to a laminate and a substrate for mounting a

semiconductor device, and methods for producing them.

Background Art
[0002]

High functionality and downsizing of a semiconductor package widely used in
electronic equipment, communication equipment, a personal computer and the like
have been increasingly accelerated in recent years. According to this, a printed
wiring board and a substrate for mounting a semiconductor device in the
semiconductor package have been demanded to be thinner. The printed wiring
board and the substrate for mounting a semiconductor device are usually made by
stacking a layer serving as a circuit pattern (hereinafter, also simply referred to as
"circuit pattern layer".) and an insulating material on a support substrate. If the
printed wiring board and the substrate for mounting a semiconductor device are tried
to be produced without any support substrate for the purpose of thinning, the existing
production apparatus is used to thereby often cause the printed wiring board and the
substrate for mounting a semiconductor device to fracture, and/or the printed wiring
board and the substrate for mounting a semiconductor device to be wound to a

conveyor. Therefore, the printed wiring board and the substrate for mounting a
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semiconductor device have difficulty in production for the purpose of thinning by use
of the existing production apparatus.
[0003]

As a method for solving such a problem, for example, Patent Literature 1
discloses a method for producing a thin printed wiring board, including forming a
circuit pattern, by pattern plating, on a laminate where a copper layer peelable in a
subsequent step is formed on a highly rigid support substrate (carrier substrate) such
as stainless steel, stacking an insulation layer such as fiber glass covered with an
epoxy resin, subjecting the resultant to a heating and pressurizing treatment, and
finally peeling and removing the support substrate. Thus, the circuit pattern and the
insulating material can be stacked on the highly rigid support substrate and finally the
support substrate can be peeled and removed to thereby produce a thin printed
wiring board and a substrate for mounting a semiconductor device even in the

existing production apparatus.

Citation List
Patent Literature
[0004]
[Patent Literature 1] National Publication of International Patent Application No.

59-500341

Summary of Invention
Technical Problem
[0005]
When a thin printed wiring board and a substrate for mounting a
semiconductor device are produced by the method described in Patent Literature 1,

however, a chemical agent for use in formation of the circuit pattern easily penetrates
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from the end portion of the laminate and the end portion of a processed hole into the
interface between the carrier substrate and the peelable metal layer. Consequently,
the following problems are caused: the appearance of a laminate obtained by peeling
the carrier substrate is not good and the thickness of the metal layer serving as the
outermost layer after peeling of the carrier substrate is ununiform. In order to
suppress penetration of the chemical agent, it is considered that the peeling strength
of the carrier substrate from the peelable metal layer is made higher. Such a high
peeling strength, however, causes breakage and warpage of the laminate to occur in
peeling of the carrier substrate. Thus, the peeling strength bf the carrier substrate
from the peelable metal layer is adjusted for suppression of penetration of the
chemical agent, to thereby cause the yield in production of a thin printed wiring board
and a substrate for mounting a semiconductor device to be reduced.

[0006]

The present invention has been made in view of the above circumstances, and
an object thereof is to provide a laminate made by stacking a metal foil and an
insulating material on an intermediate laminate provided with a carrier substrate and
a peelable metal layer formed on the substrate, and if necessary, finally removing the
carrier substrate, wherein penetration of a chemical agent into the interface between
the carrier substrate and the peelable metal layer is suppressed; a substrate for
mounting a semiconductor device made from the laminate; and methods for

producing them.

Solution to Problem
[0007]

The present inventor has made intensive studies in order to solve the above
problems, and as a result, has found that, in production of a laminate, a

predetermined hole is provided in a section not finally serving as a product, prior to a
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step of performing treatment with a chemical agent, and the hole is filled with an
insulating material to thereby reduce penetration of the chemical agent caused in the
treatment with a chemical agent, leading to completion of the present invention.
[0008]

That is, the present invention is as follows.
[1]

A laminate produced by a production method having at least:

a step of providing a first intermediate laminate provided with a carrier
substrate including a support therein and a peelable metal layer formed on at least
one surface of the carrier substrate,

a step of forming, in a section not serving as a product of the first intermediate
laminate, a first hole reaching at least the support in the carrier substrate from a
surface of the first intermediate laminate, to prepare a second intermediate laminate
with the first hole,

a step of stacking and disposing on the surface where the first hole is formed
of the second intermediate laminate, an insulating material and a metal foil in this
order when viewed from the surface, and pressurizing the second intermediate
laminate, the insulating material and the metal foil in the stacking direction thereof
with heating, to prepare a third intermediate laminate where the first hole is filled with
the insulating material, and

a step of performing treatment with a chemical agent on the third intermediate
laminate.

[2]
The laminate according to [1], wherein an end portion of the first hole is

located at a distance of 50 mm or less from an end portion of the laminate.

3]
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The laminate according to [1] or [2], wherein the production method comprises
a step of providing a second hole for alignment between the step of making the third
intermediate laminate and the step of performing treatment with a chemical agent,
and the first hole is provided at least at a position closer to an end portion of the
laminate than an end portion of the second hole and a position closer to the end
portion of the second hole than the end portion of the laminate or equidistant from
these end portions, in the step of making the second intermediate laminate.

[4]

The laminate according to [3], wherein an end portion of the first hole provided
at a position closer to the end portion of the second hole than the end portion of the
laminate or equidistant from these end portions is located at a distance of 50 mm or
less from the end portion of the second hole.

(9]

The laminate according to any one of [1] to [4], wherein the production method
further comprises a step of removing the carrier substrate from the third intermediate
laminate after the step of performing treatment with a chemical agent.

[6]

The laminate according to any one of [1] to [5], wherein a cross-sectional area
of the first hole is 0.002 mm? or more and 8 mm? or less, and the number of the first
holes per 100 mm square is 3 or more.

[7]

The laminate according to any one of [1] to [6], wherein a thickness of the

carrier substrate is 30 to 250 um.
[8]
The laminate according to any one of [1] to [7], wherein a thickness of the

metal layer is 20 um or less.

[9]
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The laminate according to any one of [1] to [8], wherein a peeling strength at
an interface between the carrier substrate and the metal layer is 1 to 50 N/m.

[10]

The laminate according to any one of [1] to [9], wherein the step of performing
treatment with a chemical agent is a step of removing a smear generated in
formation of a non-through hole by laser processing.

[11]

The laminate according to any one of [1] to [10], wherein the step of
performing treatment with a chemical agent is a step of plating a surface of the metal
foil.

[12]

The laminate according to any one of [1] to [11], wherein the step of
performing treatment with a chemical agent is a step of forming a circuit pattern from
the metal foil by a subtractive method.

[13]

The laminate according to any one of [1] to [12], wherein the first intermediate
laminate is a laminate made by stacking on one surface or both surfaces of the
support, a metal foil with a carrier metal foil, provided with a carrier metal foil and a
metal foil thinner than the carrier metal foil.

[14]

The laminate according to [13], wherein a thickness of the metal foil in the
metal foil with a carrier metal foil is 5 um or less.
[13]

The laminate according to [13] or [14], wherein the metal foil with a carrier
metal foil is copper foil with a carrier copper foil, provided with carrier copper foil and
copper foil thinner than the carrier copper foil.

[16]
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The laminate according to any one of [1] to [15], wherein a thickness of the
support is 5 to 200 um.
[17]

The laminate according to any one of [1] to [16], wherein the support is an
insulating material.
[18]

The laminate according to any one of [1] to [17], wherein the insulating

material is a prepreg.

[18]

The laminate according to any one of [1] to [18], wherein the metal foil is
copper foil.
[20]

A laminate having a build-up structure, produced by a production method
having one or two or more steps of stacking and disposing a metal foil and an
insulating material on one surface or both surfaces of the laminate according to any
one of [1] to [19], and pressurizing the laminate, the metal foil and the insulating
material in the stacking direction thereof with heating.

[21]

A substrate for mounting a semiconductor device, produced by a production
method having a step of forming a circuit pattern on an outer layer of the laminate
according to any one of [1] to [20], by a subtractive method.

[22]

A method for producing a laminate, having at least:

a step of providing a first intermediate laminate provided with a carrier
substrate including a support therein and a peelable metal layer formed on at least

one surface of the carrier substrate,
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a step of forming, in a section not serving as a product of the first intermediate
laminate, a first hole reaching at least the support in the carrier substrate from a
surface of the first intermediate laminate, to prepare a second intermediate laminate
with the first hole,

a step of stacking and disposing on the surface where the first hole is formed
of the second intermediate laminate, an insulating material and a metal foil in this
order when viewed from the surface, and pressurizing the second intermediate
laminate, the insulating material and the metal foil in the stacking direction thereof
with heating, to prepare a third intermediate laminate where the first hole is filled with
the insulating material, and

a step of performing treatment with a chemical agent on the third intermediate
laminate.

[23]

A method for producing a substrate for mounting a semiconductor device,

having a step of forming a circuit pattern on an outer layer of a laminate obtained by

the method for producing a laminate according to [22], by a subtractive method.

Advantageous Effects of Invention
[0009]

The present invention can provide a laminate made by stacking a metal foil
and an insulating material on an intermediate laminate provided with a carrier
substrate and a peelable metal layer formed on the substrate, and if necessary,
finally removing the carrier substrate, wherein penetration of a chemical agent into
the interface between the carrier substrate and the peelable metal layer is
suppressed; a substrate for mounting a semiconductor device made from the

laminate; and methods for producing them.
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Brief Description of Drawings
[0010]

[Figure 1] Figure 1 includes schematic views illustrating steps of making a
laminate of an Example.

[Figure 2] Figure 2 is a photograph of a portion of a laminate of an Example,
where penetration of a chemical agent is observed.

[Figure 3] Figure 3 includes schematic views illustrating steps of making a
laminate of a Comparative Example.

[Figure 4] Figure 4 is a photograph of a portion of a laminate of a Comparative
Example, where penetration of a chemical agent is observed.

[Figure 5] Figure 5 includes schematic views illustrating steps of making a
laminate in another Example.

[Figure 6] Figure 6 is a photograph of an alignment hole and the periphery
thereof in a laminate of another Example.

[Figure 7] Figure 7 is a photograph of an alignment hole and the periphery
thereof in a laminate of still another Example.

[Figure 8] Figure 8 includes schematic views illustrating steps of making a
laminate in another Comparative Example.

[Figure 9] Figure 9 is a photograph of an alignment hole and the periphery

thereof in a laminate of another Comparative Example.

Description of Embodiments
[0011]

Hereinafter, an embodiment (hereinafter, simply referred to as "the preéent
embodiment".) for carrying out the present invention is described in detail if
necessary with reference to the drawings, but the present invention is not limited to

the following present embodiment. The present invention can be variously modified
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without departing the gist thereof. Herein, the same symbol is attached to the same
element in the drawings, and overlapping description is omitted. In addition, the
positional relationship such as top, bottom, left and right is based on the positional
relationship illustrated in the drawings, unless otherwise noted. Furthermore, the
dimensional ratio in the drawings is not limited to the ratio illustrated. Herein, while
a laminate and each intermediate laminate are those where respective layers adhere
to each other, the respective layers may also be peelable from each other, if
necessary.

[0012]

First, a laminate of the present embodiment is described in detail. The
laminate of the present embodiment is a laminate produced by a production method
including at least a step of providing a first intermediate laminate provided with a
carrier substrate (G) including a support (F) therein and a peelable metal layer (M)
formed on at least one surface of the carrier substrate (G), a step of forming, in a
section not serving as a product of the first intermediate laminate, a first hole (H)
(hereinafter, simply referred to as "hole "H".) reaching at least the support (F) in the
carrier substrate (G) from the surface of the first intermediate laminate, to prepare a
second intermediate laminate with the hole (H), a step of stacking and disposing on
the surface where the hole (H) is formed of the second intermediate laminate, an
insulating material (J) and a metal foil in this order when viewed from the surface,
and pressurizing the second intermediate laminate, the insulating material (J) and the
metal foil in the stacking direction thereof with heating, to prepare a third intermediate
laminate where the hole (H) is filled with the insulating material (J), and a step of
performing treatment with a chemical agent on the third intermediate laminate. That
is, the laminate of the present embodiment is a laminate made by the production

method including at least steps 1 to 4 below. Among these steps, steps 2 to 4 may
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be continuously repeated multiple times, if necessary, and step 4 may be singly
repeated multiple times, if necessary. | |
[0013]

Step 1: a step of providing a first intermediate laminate provided with a carrier
substrate (G) including a support (F) therein and a metal layer (M) formed on at least
one surface of the carrier substrate (G).

Step 2: a step of forming, in a section not serving as a product of the first
intermediate laminate, a hole (H) reaching at least the support (F) in the carrier
substrate (G) from the surface of the first intermediate laminate, to prepare a second
intermediate laminate with the hole (H).

Step 3: a step of disposing on the surface where the hole (H) is formed of the
second intermediate laminate, an insulating material (J) and a metal foil in this order
when viewed from the surface, and pressurizing the second intermediate laminate,
the insulating material (J) and the metal foil in the stacking direction thereof with
heating, to prepare a third intermediate laminate where the hole (H) is filled with the
insulating material (J).

Step 4: a step of performing treatment with a chemical agent on the third
intermediate laminate.

[0014]

In addition, another mode of the laminate of the present embodiment is a
laminate produced by further undergoing the following step 5 after steps 1 to 4 above.

Step 5: a step of removing the carrier substrate (G) from the third intermediate
laminate.

[0015]

A laminate obtained by removal of the carrier substrate (G) in step 5 is

preferably used in a coreless printed wiring board. In particular, a circuit pattern is

formed on the outer layer of the laminate obtained by removal of the carrier substrate
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(G), by a subtractive method, to thereby provide a substrate for mounting a
semiconductor device.
[0016]

In the present embodiment, formation of the hole (H) (hereinafter, hole
formation is also referred to as "hole punching".) in a section not serving as a product
of the first intermediate laminate in step 2 above, and filling of the hole (H) with the
insulating material (J) in step 3 enables to enhance the peeling strength at the end
portion of the laminate and the periphery thereof (hereinafter, referred to as
"circumference section"), into which the chemical agent easily penetrates in the
treatment with a chemical agent in step 4, in the interface (hereinafter, also referred
to as "peeling surface" in the present specification.) between the carrier substrate (G)
to be removed in step 5 and the metal layer (M). Therefore, penetration of the
chemical agent into the circumference section can be suppressed to result in making
of a laminate having a good appearance and having a more uniform thickness of the -
metal layer (M). In addition, in a treatment where the third intermediate laminate is
immersed sequentially in chemical agents in a plurality of chemical agent tanks, such
chemical agents conventionally have penetrated into the third intermediate laminate
to thereby easily contaminate the chemical agent in the chemical agent tank for the
next chemical agent treatment, but, in the present embodiment, penetration of the
chemical agents can be suppressed to thereby suppress such contamination.

[0017]

A method for producing the laminate of the present embodiment may also
include a step of providing a second hole (T) for alignment (hereinafter, referred to as
an "alignment hole (T)".) between step 3 and step 4 above. In such a case, the
chemical agent can be caused to penetrate into the second alignment hole (T) and
the periphery thereof due to the same factor as in the circumference section of the

laminate. Therefore, in step 2, the hole (H) is preferably provided in a section not
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serving as a product, the section being located at a position closer to the end portion
of the laminate than the end portion of the alignment hole (T) and a position closer to
the end portion of the alignment hole (T) than the end portion of the laminate or
equidistant from these end portions (namely, a position intermediate between the end
portion of the laminate and the end portion of the alignment hole (T), and/or a
position closer to the end portion of the alignment hole (T) than the end portion of the
laminate). Examples of the laminate having the alignment hole (T) include the
following laminate. That is, in circuit pattern formation in step 4 such as treatment
4c described later, examples include a laminate where an alignment hole (T) with a
circuit pattern on an inner layer is formed by an X-ray hole punching machine, and a
laminate where an alignment hole (T) for exposure is formed by hole punching with a
drill.

[0018]

In such a laminate, the hole (H) provided at a position closer to the end portion
of the laminate than the end portion of the alignment hole (T) can be filled with the
insulating material to thereby suppress penetration of the chemical agent mainly in
the circumference section of the laminate, and the hole (H) provided at a position
closer to the end portion of the alignment hole (T) than the end portion of the
laminate or equidistant from these end portions can be filled with the insulating
material to thereby suppress penetration of the chemical agent mainly in the
alignment hole (T) and the periphery thereof. That is, not only the circumference
section of the laminate, but also the alignment hole (T) and the periphery thereof can
be subjected to formation of the hole (H) in step 2 and filling of the hole (H) with the
insulating material in step 3 to thereby enhance the peeling strength at the
circumference section of the laminate, into which the chemical agent in the chemical
agent treatment in step 4 easily penetrates, and at the alignment hole (T) and the

periphery thereof in the interface (peeling surface) between the carrier substrate (G)
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to be removed in step 5 and the metal layer (M). Therefore, penetration of the
chemical agent into such a section can be suppressed to result in making of a
laminate having a good appearance and having a more uniform thickness of the
metal layer (M). In addition, in a treatment where the third intermediate laminate is
immersed sequentially in chemical agents in a plurality of chemical agent tanks,
penetration of the chemical agents can also be suppressed to thereby suppress
chemical agent contamination in the chemical agent tank for the next chemical agent
treatment.

[0019]

Step 4 of treatment with a chemical agent is not particularly limited, and
examples thereof include steps 4a, 4b and 4c below. A metal corrosive chemical
agent is used in such steps. Therefore, when such a chemical agent penetrates into
the interface between the carrier substrate (G) and the metal layer (M), appearance
is easily poor and/or the thickness of the metal layer (M) is easily ununiform. [f
appearance is poor and/or the thickness of the metal layer (M) is ununiform, the
amounts of a printed wiring board and a substrate for mounting a semiconductor
device to be produced per laminate are decreased. The method for producing the
laminate of the present embodiment may include performing one step of steps 4a, 4b
and 4c once or more times as step 4, or may include a combination of two or more
steps of steps 4a, 4b and 4c.

[0020]

Step 4a: a step of removing a smear generated in formation of a non-through
hole (R) by laser processing.

Step 4b: a step of plating the surface of the metal foil.

Step 4c: a step of forming a circuit pattern from the metal foil by a subtractive
method.

[0021]
14
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The laminate of the present embodiment may also be produced by a
production method including the following steps A to C among steps 1 to 4 above,
after step 4 (provided that step 5 is not included), or between step 4 and step 5.
Here, the laminate may be produced through one step of steps A to C once or more
times, or may be produced by a combination of two or more steps of steps A to C.
[0022]

Step A: a step of stacking and disposing an insulating material (K) and a metal
foil in this order on any of the intermediate laminated bodies or the laminate, and
pressurizing them in the stacking direction thereof with heating to allow the insulating
material (K) and the metal foil to adhere to the intermediate laminate or laminate.

Step B: a step of pattern plating the metal layer (M) on any of the intermediate
laminate surfaces or the laminate surface to form a circuit pattern.

Step C.: a step of forming a circuit pattern from the metal foil included in any of
the intermediate laminated bodies by a subtractive method.

Herein, step B and C are different from step 4 (step 4b, step 4c) in that these
are provided before step 3.

[0023]

For example, a laminate of the present embodiment obtained by a method for
producing an embedded trace coreless substrate (embedded trace coreless process)
can be made sequentially through step 1, step 2, step B, step 3, step 4 (step 4a),
step 4 (step 4b) and step 4 (step 4c), and can also be made further through step 5
after step 4 (step 4c). An alignment hole (T) may also be here, if necessary,
provided in any step between step 3 and step 4, and a hole (H) may also be provided
at the periphery (a position closer to the end portion of the hole (T) than the end
portion of the laminate or equidistant from these end portions) of the alignment hole
(T) in step 2.

[0024]
15
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In addition, a laminate of the present embodiment obtained by a method for
producing a three-layered coreless substrate (three-layered coreless process) can be
made sequentially through step 1, step 2, step 3, step 4 (step 4c) and step A, and
can aiso be made further through step 5 after step A. An alignment hole (T) may
also be here, if necessary, provided in any step between step 3 and step 4, and a
hole (H) may also be provided at the periphery (a position closer to the end portion of
the hole (T) than the end portion of the laminate or equidistant from these end
portions) of the alignment hole (T) in step 2.

[0025]

In addition, a laminate of the present embodiment obtained by a method for
producing a four-layered coreless substrate (four-layered coreless process) can be
made sequentially through step 1, step A, step 2, step C, step 3, step 4 (step 4a),
step 4 (step 4b), step 4 (step 4c¢) and step A, and can also be made further through
step 5 after last step A. An alignment hole (T) may also be here, if necessary,
provided in any step between step 3 and step 4, and a hole (H) may also be provided
at the periphery (a position closer to the end portion of the hole (T) than the end
portion of the laminate or equidistant from these end portions) of the alignment hole
(T) in step 2.

[0026]

Hereinafter, steps 1 to 5 that prepare the laminate of the present embodiment
are described in more detail.
[0027]

[Step 1]

In step 1, a first intermediate laminate provided with a carrier substrate (G)
including a support (F) therein and a metal layer (M) formed on at least one surface
of the carrier substrate (G), the metal layer (M) being peelable in step 5 described

later, is provided. Specifically, the first intermediate laminate may be made by

16



10

15

20

25

forming a metal layer (M) having a peeling surface between the carrier substrate (G)
and the metal layer (M), on one surface or both surfaces of the carrier substrate (G).
[0028]

The "carrier substrate (G)" refers to a core substrate to be peeled and removed
from the laminate of the present embodiment in step 5. The first intermediate
laminate provided in step 1 is a laminate with the metal layer (M) formed on the
carrier substrate (G) to be peeled and removed in step 5. The carrier substrate (G)
may be a single layer including only the support (F), or may have at least one layer
other than the support (F) as long as the function of the support (F) is not impaired.
Examples of the layer other than the support (F) in the carrier substrate (G) include a
release layer (L) having a surface in contact with the metal layer (M) of the carrier
substrate (G), the release layer (L) being provided in order to adjust the peeling
strength at the interface between the carrier substrate (G) and the metal layer (M)
within a preferable range described later, and an adhesion layer that allows the
release layer (L) to adhere to the support. In addition, when the carrier substrate
has the layer other than the support (F), the material of the layer is not particularly
limited, and may be a conductive or insulating material. Examples of the material
include metals such as copper and aluminum, insulating materials such as polyimide,
an epoxy resin, an acrylic resin, polytetrafluoroethylene (PTFE) and a bismaleimide
triazine resin (BT resin), and prepregs in which paper, glass fiber woven fabric, a
carbon fiber, or glass nonwoven fabric is impregnated with the insulating material.
When the carrier substrate (G) includes a plurality of layers, the layer configuration is
not particularly limited, and examples include a configuration where a conductive
layer and the support (F) are stacked in this order, a configuration where a
conductive layer, the support (F) and a conductive layer are stacked in this order, a
configuration where a conductive layer, an insulating layer and the support (F) are

stacked in this order, a configuration where a conductive layer, an insulating layer,
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the support (F), an insulating layer and a conductive layer are stacked in this order, a
configuration where an insulating layer, a conductive layer and the support (F) are
stacked in this order, and a configuration where an insulating layer, a conductive
layer, the support (F), a conductive layer and an insulating layer are stacked in this
order.

[0029]

The thickness of the carrier substrate (G) is not particularly limited, and is
preferably 30 to 250 um, more preferably 60 to 200 um. When the thickness of the
carrier substrate (G) is 30 um or more, the carrier substrate (G) has sufficient rigidity
for formation of the metal layer (M), an insulating material layer and the like, and
when the thickness is 250 um or less, economic efficiency is higher.

[0030]

The kind of the metal of the metal layer (M) is not particularly limited, and at
least one selected from, for example, gold, silver, copper, aluminum, and an alloy of
two or more of such metals can be used. Among them, copper is suitably used in
terms of thermal expansion rate, conductivity and economic efficiency.

[0031]

The thickness of the metal layer (M) is not particularly limited, and is preferably
20 pum or less, more preferably 10 um or less, particularly preferably 1 to 5 um. The
thickness of the metal layer (M) is preferably 20 um or less from the viewpoints of
higher economic efficiency and productivity of the laminate.

[0032]

The peeling strength at the interface between the carrier substrate (G) and the
metal layer (M) is not particularly limited, and is preferably 1 to 50 N/m, more
preferably 3 to 40 N/m, further preferably 5 to 10 N/m. When the peeling strength is
1 N/m or more, penetration of a chemical agent into the interface between the carrier

substrate (G) and the metal layer (M) can be effectively suppressed by punching of a
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hole (H) in step 2 and filling of the hole (H) with an insulating material (J) in step 3.
In addition, when the peeling strength is 50 N/m or less, peeling unevenness of the
metal layer (M) more hardly occurs in peeling of the laminate from the carrier
substrate (G) in step 5. The peeling strength can be adjusted within the above
range by selecting the material of the surface in contact with the metal layer (M) of
the carrier substrate (G), and if necessary subjecting the surface in contact with the
metal layer (M) of the carrier substrate (G) to a surface treatment in consideration of
the material and the surface state of the metal layer (M). Alternatively, at least one
layer selected from the group consisting of an adhesion layer and a release layer can
be provided between the carrier substrate (G) and the metal layer (M) to adjust the
peeling strength within the above range.

[0033]

The support (F) imparts to the carrier substrate (G) rigidity that can allow a thin
printed wiring board, a substrate for mounting a semiconductor device, and the like to
be produced from the laminate of the present embodiment even in the existing
production apparatus. In addition, the support (F) allows penetration of a chemical
agent into the interface between the carrier substrate and the peelable metal layer to
be suppressed by formation of a hole (H) on the support (F) in step 2 and filling of the
hole (H) with an insulating material (J) in step 3. The support (F) is not particularly
limited and is usually sheet-shaped, and for example, a metal substrate and/or an
insulating material (S) can be used. When a metal substrate is used as the support
(F), the metal substrate is a substrate including a metal, and the kind of the metal in
the metal substrate is not particularly limited. Examples of the kind of the metal
include aluminum, stainless steel, copper, iron, titanium and an alloy thereof. For
example, the metal substrate and/or an insulating material (S) can be used as the
support (F), and when only the support (F) is used as the carrier substrate (G), the

support (F) is more preferably an insulating material (S) described later in terms of
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the difference in thermal expansion rate from the metal layer (M), and peeling
strength and economic efficiency. In addition, even when a carrier substrate (G)
where other material such as a release layer (L) including an organic film described
later is stacked on the support (F) is used, an insulating material (S) described later is
more preferable in terms of the difference in thermal expansion rate from such other
material, and peeling strength and economic efficiency.

[0034]

The thickness of the support (F) is not particularly limited, and is preferably 5 to
200 um, more preferably 15 to 150 um. When the thickness of the support (F) is 5
um or more, a carrier substrate (G) higher in rigidity can be made, and when the
thickness is 200 um or less, economic efficiency is higher.

[0035]

The insulating material (S) that can be used in the support (F) is not
particularly limited, and examples-thereof include a glass substrate, an organic film
substrate and a prepreg. The glass substrate is a substrate including glass, and
when the glass substrate is used, the material of the glass and the kind of the glass
are not particularly limited and glass such as alkali silicate-based glass, non-alkaline
glass and quartz glass can be used. In addition, the organic film substrate is a
substrate including an organic film, and when the organic film substrate is used, the
material of the organic film is not particularly limited. As the organic film, for
example, a polyamide film, a polyimide film, a polyethylene film, a polypropylene film,
a polyester film, a polyethylene terephthalate film (PET film), a polybutylene
terephthalate film (PBT film), a polyvinyl chloride film, a polyvinyl alcohol-based film,
a polystyrene film, a polyvinylidene chloride film, and a polyvinylidene oxide film can
be used. These may be used singly or in combinations of two or more. Examples
of the insulating material (S) that can be used in the support (F) include the glass

substrate, the organic film substrate and a prepreg. These may be used singly or in
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combinations of two or more. Among them, as the insulating material (S), an
insulating material other than the glass substrate is more preferable in terms of hole-
punching processability, and a prepreg described later in detail is further preferable in
terms of thermal expandability and heat resistance.

[0036]

The "prepreg" refers to a material where a resin composition is added and
attached to a fibrous reinforcing material such as a glass fiber and an organic fiber.
The prepreg that can be used in the support (F) is not particularly limited, and
examples include one including the following resin composition and fibrous
reinforcing material. Examples of the resin composition that can be used in the
prepreg include a composition including at least one resin selected from the group
consisting of an epoxy resin, a cyanate resin, a bismaleimide resin, a bismaleimide
triazine resin, a polyimide resin, a polyphenylene ether resin, a phenol resin, a
melamine resin, a polyurethane resin and a polyester resin. These may be used
singly or as a mixture of two or more. Examples of the fibrous reinforcing material
include glass fibers (such as E glass, D glass, S glass, NE glass, T glass and Q
glass), inorganic fibers including quartz or the like, organic fibers including polyimide,
polyamide, polyester or the like, a carbon fiber, and a cellulose fiber. These can be
appropriately selected depending on the intended use and performance, and may be
used singly or in combinations of two or more. Examples of the form of the fiber
reinforcing material include forms of woven fabric, nonwoven fabric, roving, a
chopped strand mat, and a surfacing mat. In addition, the resin composition for use
in the prepreg may also include an inorganic filler. Examples of the inorganic filler
incluvde silica such as natural silica, fused silica, amorphous silica and hollow silica,
aluminum compounds such as boehmite, aluminum hydroxide and alumina,
magnesium compounds such as magnesium oxide and magnesium hydroxide,

calcium compounds such as calcium carbonate, molybdenum compounds such as
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molybdenum oxide and zinc molybdate, talc such as natural talc and fired talc, mica
(isinglass), and glass such as short fiber glass, spherical glass and fine powder glass
(E glass, T glass, D glass and the like). These may be used singly or in
combinations of two or more.

[0037]

Among them, at least one selected from the group consisting of silica,
aluminum hydroxide, boehmite, magnesium oxide and magnesium hydroxide is
preferable as the inorganic filler, a resin composition of a bismaleimide triazine resin
(BT resin) is preferable as the resin composition, and glass fiber woven fabric is
preferable as the fibrous reinforcing material, from the viewpoints of insulation
reliability, adhesion strength to the metal layer (M) and the metal foil, wiring formation
properties, heat resistance, moisture absorption resistance, rigidity, and electric
properties. From the same viewpoints, as the prepreg, a prepreg is particularly
preferable where glass fiber woven fabric is impregnated with a resin composition of
a bismaleimide triazine resin (BT resin), the composition including, as the inorganic
filler, at least one selected from the group consisting of silica, aluminum hydroxide,
boehmite, magnesium oxide and magnesium hydroxide, and the resultant is B-
staged.

[0038]

The form of the first intermediate laminate provided in step 1, namely, the form
of the first intermediate laminate with the metal layer (M) formed on the carrier
substrate (G) to be peeled and removed in step 5 is not particularly limited.
Examples of the form include a form where a peelable metal layer (M) is directly
formed on the support (F) included in the carrier substrate (G), a form where a
peelable metal layer (M) is formed on the carrier substrate (G) provided with the
support (F) and the release layer (L) including an organic film provided thereon, and

a form where a metal foil with a carrier metal foil is directly stacked on the support (F)
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so that the carrier metal foil faces the support (F). Among them, a form where a
metal foil with a carrier metal foil is directly stacked on the support (F) so that the
carrier metal foil faces the support (F) is preferable because it can be more simply
used and can allow the thickness of the metal layer (M) to be more easily thinner.
[0039]

Herein, the "metal foil with a carrier metal foil" refers to a laminate sheet
provided with a carrier metal foil and a metal foil (hereinafter, referred to as a "thin
metal foil".) thinner than the carrier metal foil. In more detail, the metal foil with a
carrier metal foil is a laminated sheet where a thin metal foil is stacked on a carrier
metal foil in a peelable manner, if necessary, with another film interposed
therebetween, and may be a commercially available product. In the form where the
metal foil with a carrier metal foil is directly stacked on the support (F), the following
portions correspond to the carrier substrate (G) and the metal layer (M), respectively.
That is, when the metal foil with a carrier metal foil is a laminated sheet formed by
stacking a carrier metal foil and a thin metal foil, the carrier metal foil and the thin
metal foil are to be peeled and therefore a portion including the support (F) and the
carrier metal foil corresponds to the carrier substrate (G) and the thin metal foil
corresponds to the metal layer (M). In addition, when the metal foil with a carrier
metal foil is a laminated sheet where a carrier metal foil, another film layer and a thin
metal foil are stacked in this order and the peeling strength at the interface between
the carrier metal foil and another film layer is higher than the peeling strength at the
interface between another film layer and the thin metal foil, another film layer and the
thin metal foil are to be peeled and therefore a portion including the support (F) and
the carrier metal foil corresponds to the carrier substrate (G) and the thin metal foil
corresponds to the metal layer (M). Furthermore, when the metal foil with a carrier
metal foil is a laminated sheet where a carrier metal foil, another film layer and a thin

metal foil are stacked in this order and the peeling strength at the interface between
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the carrier metal foil and another film layer is lower than the peeling strength at the
interface between another film layer and the thin metal foil, the carrier metal foil and
another film layer are to be peeled. In such a case, however, the carrier metal foil is
peeled and thereafter another film layer is peeled from the thin metal foil, and
therefore a portion including the support (F), the carrier metal foil and another film
layer corresponds to the carrier substrate (G) and the thin metal foil corresponds to
the metal layer (M). In such a case, while a chemical agent easily penetrates into
both of the interface between the carrier metal foil and another film layer and the
interface between another film layer and the thin metal foil, the present embodiment
can also allow penetration of a chemical agent into both the interfaces to be
suppressed.

[0040]

The method for making the laminate provided with the carrier substrate (G)
and the metal layer (M) formed on the substrate (G) is not particularly limited.
Examples of the method for making the same include a method for forming the
peelable metal layer (M) on one surface or both surfaces of the support (F) included
in the carrier substrate (G), a method for forming the metal layer (M) on the carrier
substrate (G) with the release layer (L) including an organic film on one surface or
both surfaces of the support (F), and a method of laminating the metal foil with a
carrier metal foil on one surface or both surfaces of the support (F). Among them, a
method of laminating the metal foil with a carrier metal foil on one surface or both
surfaces of the support (F) is simple and therefore preferable.

[0041]

When a peelable metal layer (M) is formed on the support (F) to provide the
first intermediate laminate made in step 1, the metal layer (M) may be formed on only
one surface or both surfaces of the support (F), and is preferably formed on both

surfaces thereof. The reason is because the metal layer (M) is formed on both
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surfaces to thereby result in an enhancement in productivity of the laminate of the
present embodiment. Herein, When the metal layer (M) is formed on both surfaces
of the support (F), the kinds of the metals of the metal layers (M) may be mutually the
same or different.

[0042]

The method for forming the metal layer (M) on the support (F) is not
particularly limited. Examples of the method include a method of metal plating the
support (F), a method of laminating metal foil on the support (F), a method of vapor-
depositing a metal on the support (F), and a method of sputtering a metal on the
support (F). Among them, a method of laminating a metal foil on the support (F) is
simple and therefore preferable.

[0043]

The kind of the metal of the metal foil may be the same as the kind of the
metal of the metal layer (M). As such a metal foil, for example, a commercially
available product such as GHY5 (trade name, copper foil of 12 um thickness)
produced by JX Nippon Mining & Metals Corporation and 3EC-IlI (trade name,
copper foil of 18 um thickness) produced by Mitsui Mining & Smelting Co., Ltd. can
also be used. In addition, an adhesion layer for adhesion of the metal foil and the
support (F) may also Vbe provided therebetween, and a metal foil with an adhesion
layer may also be used. The material of the adhesion layer is not particularly limited,
and for example, an acrylic resin, an epoxy-based resin, a polyirhide—based resin and
a polyester-based resin can be used.

[0044]

When the peelable metal layer (M) is formed on the carrier substrate (G) with
the release layer (L) including an organic film formed on the support (F) to provide
the first intermediate laminate made in step 1, the material of the organic film that can

be used in the release layer (L) is not particularly limited. Examples of the material
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include a polyamide film, a polyimide film and a polyester film. Among them, a
polyimide film is preferable in terms of peelability and heat resistance. The
thickness of the release layer (L) is not particularly limited, and is preferably 20 pm or
less because of being high in economic efficiency. Herein, the lower limit of the
thickness of the release layer (L) is not particularly limited, and may be, for example,
1 um or more.

[0045]

While the release layer (L) may be formed on only one surface or both
surfaces of the support (F), it is preferably formed on the both surfaces. The reason
is because the release layer (L) is formed on the both surfaces to thereby result in an
enhancement in productivity of the laminate of the present embodiment. Herein,
when the release layer (L) including an organic film is formed on both surfaces of the
support (F), the kinds of the organic films may be mutually the same or different.
[0046] |

The method for forming the release layer (L) including an organic film formed
on the support (F) is not particularly limited. As such a method, for example, a
method including coating the support (F) with a solution where the material forming
the organic film is dissolved in a solvent, and thereafter drying the resultant, a
method including disposing the organic film on the support (F) and heat-welding the
resultant by pressing, and a method including allowing the support (F) and the
organic film to adhere to each other by an adhesive can be used. Among them, a
method including disposing the organic film on the support (F) and heat-welding the
resultant by pressing is simple and therefore preferable.

[0047]

The method for forming the metal layer (M) on the release layer (L) is not

particularly limited. As such a method, for example, a method including metal

plating the release layer (L), a method including laminating a metal foil on the release
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layer (L), a method including vapor-depositing a metal on the release layer (L), and a
method including sputtering a metal on the release layer (L) can be used. Among
them, a method including laminating a metal foil on the release layer (L) is simple
and therefore preferable.

[0048]

In particular, a method including disposing an organic film as the release layer
(L) and a metal foil as the metal layer (M) on the support (F) and laminating the
resultant at one time is particularly simple and therefore preferable as the method for
forming the release layer (L) including an organic film and the metal layer (M) on the
support (F).

[0049]

When the metal foil with a carrier metal foil is laminated on the support (F) to
provide the first intermediate laminate made in step 1, the kind of the metal of each of
the carrier metal foil and the metal foil thinner than the carrier metal foil is not
particularly limited. Examples of the kind of such a metal foil include gold, silver,
copper, aluminum, nickel, iron, chromium, manganese, molybdenum, and an alloy
including 90% or more in total of at least one selected from alloys of two or more of
such metals. In particular, copper is most preferable in terms of thermal expansion
rate, conductivity and economic efficiency. In addition, when the metal foil with a
carrier metal foil is provided with another film layer above, the material of such
another film layer is not particularly limited, and examples include polyimide,
polyamide, polytetrafluoroethylene (PTFE), an acrylic resin, polyethylene
terephthalate, a silicone resin, polybutylene terephthalate (PBT), an aramid resin, a
urea resin, cellophane, polysulfone, an ethylene propylene diene rubber (EPDM),
polyester, polyethylene, polypropylene, polyester, nylon, polycarbonate, a phenol
resin, a BT resin, triacetate, an epoxy resin, polyphenylene sulfide, a liquid crystal

polymer (LCP), polyethylene naphthalate and polyvinyl chloride (PVC).
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[0050]

In the metal foil with a carrier metal foil, the thickness of the carrier metal foil is
not particularly limited, and is preferably 9 to 70 um, more preferably 12 to 35 um.
When the thickness of the carrier metal foil is 9 um or more, the metal foil with a
carrier metal foil is more easily handled, and when the thickness is 70 um or less,
economic efficiency is higher. The thickness of the thin metal foil is not particularly
limited, and is preferably 5 um or less, more preferably 1 to 5 um. When the
thickness of the thin metal foil is 5 um or less, economic efficiency is higher and
productivity of the laminate is also high. When the metal foil with a carriér metal foil
is provided with another film layer above, the thickness of another film layer above is
not particularly limited, and is preferably 0.01 to 100 um, more preferably 1 to 10 um.
The thickness of such another film layer is 0.01 um or more to thereby allow
peelability to be better, and the thickness is 100 um or less to thereby allow
economic efficiency to be higher.

[0051]

The peeling strength at the interface between the carrier metal foil and the thin
metal foil is not particularly limited, and is preferably 1 to 50 N/m, more preferably 3
to 40 N/m, further preferably 5 to 10 N/m.  When the peeling strength is 1 N/m or
more, penetration of a chemical agent into the interface between the carrier substrate
(G) and the metal layer (M), namely, the interface between the carrier metal foil and
the thin metal foil can be more effectively suppressed by punching of a hole (H) in
step 2 and filling of the hole (H) with an insulating material in step 3. In addition,
when the peeling strength is 50 N/m or less, peeling unevenness of the thin metal foil
in peeling and removing of the carrier substrate (G) from a third intermediate laminate
in step 5 is more hardly caused. The method of measuring the peeling strength is
as follows. First, a prepreg (trade name "GHPL-830NS SN74", 45 um thickness)

produced by Mitsubishi Gas Chemical Company, Inc. and the metal foil with a carrier
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metal foil are stacked on both surface of a copper-clad laminated plate (trade name
"CCL-HL832NS 0.2t T/T", 0.2 mm thickness) produced by Mitsubishi Gas Chemical
Company, Inc. so that the carrier metal foil faces outwards, and subjected to vacuum
hot pressing in conditions of 220°C and 3 MPa for 2 hours to prepare a laminated
plate. The laminated plate made is cut to a width of 5 cm, the carrier metal foil is
peeled at room temperature (23°C) by ah autograph or a spring scale, and the
peeling strength here is measured.

[0052]

In addition, when the metal foil with a carrier metal foil includes another film
layer above, a lower peeling strength of the peeling strength at the interface between
the carrier metal foil and another film layer and the peeling strength at the interface
between another film layer and the thin metal foil is preferably 1 to 50 N/m, more
preferably 3 to 40 N/m, further preferably 5 to 10 N/m from the same viewpoints as
above. In addition, a higher peeling strength thereof is not-particularly limited, and is
for example, 10 to 100 N/m.

[0053]

As such a metal foil with a carrier metal foil, for example, a commercially
available product such as MT18EXx (trade name, 5 um thin copper foil) produced by
Mitsui Mining & Smelting Co., Ltd. can be used. In addition, an adhesion layer may
be provided between the metal foil with a carrier metal foil and the support (F), and a
metal foil with a carrier metal foil, with an adhesion layer, may be used. The
material of the adhesion layer is not particularly limited, and for example, an acrylic
adhesive and an epoxy-based adhesive can be used therefor.

[0054]

While the metal foil with a carrier metal foil may be laminated on only one

surface or both surfaces of the support (F), it is preferably laminated on both surfaces

thereof. The reason is because the metal foil with a carrier metal foil is laminated on

29



10

15

20

25

the both surfaces to result in an enhancement in productivity of the laminate of the
present embodiment. Herein, when the metal foil with a carrier metal foil is
laminated on both surfaces of the support (F), the kinds of the metals of the metal foil
with a carrier metal foil may be mutually the same or different.

[0055]

The method for laminating the metal foil with a carrier metal foil on the support
(F) is not particularly limited. Examples of the method include a method including
stacking the metal foil with a carrier metal foil and the support (F), and thereafter
pressurizing them in the stacking direction thereof under vacuum (reduced pressure)
with heating, and the method further including allowing them to adhere with an
adhesive or an adhesion sheet. Among them, a method including stacking the
metal foil with a carrier metal foil and the support (F), and thereafter pressurizing
them in the stacking direction thereof under vacuum (reduced pressure) with heating
is simple and therefore preferable as the-method for laminating the metal foil with a
carrier metal foil on the support (F). The support (F) is preferably a prepreg from
such a viewpoint.

[0056]

Accordingly, examples of the first intermediate laminate provided in step 1
include a laminate obtained by metal plating one surface or both surfaces of one or a
stacked product of two or more selected from the group consisting of a metal
substrate, a glass substrate, an organic film substrate and a prepreg; a laminate
obtained by laminating a metal foil on one surface or both surfaces of one or a
stacked product of two or more selected from the group consisting of a metal
substrate, a glass substrate, an organic film substrate and a prepreg; a laminate
obtained by stacking an organic film and a metal foil on one surface or both surfaces
of one or a stacked product of two or more selected from the group consisting of a

metal substrate, a glass substrate, an organic film substrate and a prepreg; and a
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laminate obtained by laminating a metal foil with carrier metal foil on one surface or
both surfaces of one or a stacked product of two or more selected from the group
consisting of a metal substrate, a glass substrate, an organic film substrate and a
prepreg. Among them, a laminate obtained by laminating a metal foil on one
surface or both surfaces of a prepreg, and a laminate obtained by laminating a metal
foil with a carrier metal foil on one surface or both surfaces of a prepreg are
particularly preferable in terms of productivity and simplicity.

[0057]

[Step 2]

In step 2, a hole (H) reaching at least the support (F) in the carrier substrate
(G) from the surface of the first intermediate laminate is formed in a section not
serving as a product of the first intermediate laminate provided in step 1, to prepare a
second intermediate laminate with the hole (H). The reason why the hole (H) is
formed in step 2 is as follows. That is, in step 3 after step 2, an insulating material
(J) and a metal foil are disposed on the second intermediate laminate with the hole
(H), and pressurized in the stacking direction thereof with heating. Thus, the
insulating material (J) serves to come into the hole (H) to mutually secure the carrier
substrate (G) and the metal layer (M). As a result, the peeling strength at the
peeling surface is increased, and therefore, when treatment with a chemical agent
such as desmear is conducted in step 4 described later, the chemical agent is
prevented from penetrating into the peeling surface.

[0058]

The "section not serving as a product" herein refers to a section to be cut and
removed from the laminate in production of a substrate for mounting a semiconductor
device or a printed wiring board from the laminate of the present embodiment, and
the section corresponds to a section not constituting a substrate for mounting a

semiconductor device and a printed wiring board as final products.
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[0059]

The section not serving as a product of the first intermediate laminate, where
the hole (H) is formed, is, for example, a part or all of the circumference section (end
portion and the periphery thereof) of the first intermediate laminate, and the section
corresponds to a part or all of the circumference section of the laminate according to
the present embodiment. For example, when the shape of the laminate is quadrate
(for example, rectangular), the hole (H) is preferably formed on each of four corners
of the laminate. The reason is because the chemical agent more easily penetrates
through four corners of the laminate, where the peeling strength between the carrier
substrate (G) and the metal layer (M) is easily low.

[0060]

The position where the hole (H) is formed is preferably located at a distance of
50 mm or less from the end portion of the first intermediate laminate in a part or all of
the periphery of the end portion of the first intermediate laminate, more preferably at
a distance of 0.1 mm to 30 mm from the end portion of the first intermediate laminate,
further preferably at a distance of 1 mm to 10 mm from the end portion of the
laminate. When the position where the hole (H) is formed is located at a distance of
50 mm or less from the end portion of the laminate in a part or all of the
circumference section of the laminate, it is possible in a chemical agent treatment in
step 4 to sufficiently prevent penetration of the chemical agent. Herein, the size of
the first intermediate laminate may be any size that can allow the hole (H) to be
formed at the above position, and for example, when the planar shape (shape when
viewed from the stacking direction) of the first intermediate laminate is quadrate (for
example, rectangular), a quadrate having each side of 100 mm or more in length is
preferable, and a quadrate having each side of 300 mm to 800 mm in length is more

preferable. Herein, the sizes of the second intermediate laminate, the third
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intermediate laminate and the laminate of the present embodiment may be the same
as the size of the first intermediate laminate.
[0061]

The "distance" herein means the shortest length connecting two points. For
example, the distance between the end portion of one of the first (or second)
intermediate laminate and the end portion of one of the hole (H) corresponds to the
length of a straight line obtained by determining points (two points including a point at
the end portion of the intermediate laminate and a point at the end portion of the hole
(H)) at the respective end portions so that the shortest length between the respective
end portions is achieved, and connecting such two points.

[0062]

In the method for producing the laminate of the present embodiment, a step of
providing an alignment hole (T) may be provided between step 3 and step 4 for the
purpose of alignment for exposure or laser processing for formation of a circuit
pattern. In this case, the hole (H) is preferably provided at the periphery of the
alignment hole (T). More particularly, not only a hole (H) provided at a position
closer to the end portion of the laminate than the end portion of the alignment hole
(T), but also a hole (H) at a position closer to the end portion of the alignment hole
(T) than the end portion of the laminate or equidistant from these end portions is
preferably provided. More specifically, the position of the hole (H) provided at the
periphery of the alignment hole (T) is preferably a position located at a distance of 50
mm or less from the end portion of the hole (T), more preferably at a distance of 0.1
mm to 30 mm from the end portion of the hole (T), further preferably at a distance of
1 mm to 10 mm from the end portion of the hole (T). When the position where the
hole (H) is formed is a position located at a distance of 50 mm or less from the end
portion of the hole (T), it is possible in a chemical agent treatment in step 4 to further

sufficiently prevent penetration of the chemical agent due to the hole (T).
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[0063]

The depth of the hole (H) is required to be a depth so that at least the hole (H)
reaches the support (F) in the carrier substrate (G). When the depth of the hole (H)
reaches the support (F) in the carrier substrate (G), the insulating material (J) comes
into the hole (H) in step 3, resulting in an increase in peeling strength at the peeling
surface. As a result, penetration of the chemical agent in the chemical agent
treatment due to the peeling surface can be sufficiently prevented. That is, the hole
(H) may be a hole (through hole) that passes through the first (second) intermediate
laminate, or may be a non-through hole (cut hole) that reaches the support (F) from
the first (second) laminate surface.

[0064]

The size of the hole (H) is not particularly limited, and the cross-sectional area
of the hole (H) when viewed from the second intermediate laminate surface (namely,
the area of any cross section perpendicular to the stacking direction of the second
intermediate laminate) is preferably 0.002 mm? or more and 8 mm? or less, more
preferably 0.005 mm? or more and 4 mm? or less. When the cross-sectional area of
the hole (H) is 0.002 mm? or more, the peeling strength at the peeling surface is
higher and therefore it is possible in a chemical agent treatment in step 4 to further
sufficiently prevent penetration of the chemical agent. In addition, when the cross-
sectional area is 8 mm? or less, peeling unevenness of the metal layer (M) on a
laminate surface obtained in peeling of the carrier substrate (G) from the third
intermediate laminate more hardly occurs.

[0065]

The shape of the hole (H) is not particularly limited, and may be any shape
such as round, elliptical, square, oblong and hexagonal shapes when viewed from
the second intermediate laminate surfacé. In addition, the shape of the cross

section in parallel with the stacking direction of the second intermediate laminate, of
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the hole (H), is not particularly limited, and may be any shape such as square, oblong
and trapezoidal shapes.
[0066]

The number of the holes (H) in the second intermediate laminate is not
particularly limited, and is preferably 3 or more per 100 mm square, more preferably
5 or more per 100 mm square. When the number of the holes (H) is 3 or more per
100 mm square, the peeling strength at the peeling surface is higher, and therefore it
is possible in a chemical agent treatment in step 4 to further sufficiently prevent
penetration of the chemical agent.

[0067]

The method for forming the hole (H) is not particularly limited, and for example,
a method for punching a hole by a drill and a method for punching a hole by laser
can be used. In particular, a hole punching method with an NC drilling machine that
can punch a hole with the position coordinate being fixed is preferable because of
being capable of economically producing a printed wiring board and a substrate for
mounting a semiconductor device having a fine wiring structure.

[0068]
[Step 3]

In step 3, an insulating material (J) and a metal foil are stacked and disposed
on a surface where the hole (H) is formed of the second intermediate laminate with
the hole (H) made in step 2, in this order when viewed from the surface, and
pressurized in the stacking direction thereof with heating, to prepare a third
intermediate laminate where the hole (H) is filled with the insulating material (J). In
step 3, the insulating material (J) comes into the hole (H) to resulting in an increase
in peeling strength at the peeling surface, as described above. As a result, when
treatment with a chemical agent such as desmear in step 4 described later is

conducted, penetration of the chemical agent into the peeling surface is prevented.
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[0069]

The insulating material (J) is an insulating material that can flow at the heating
temperature in step 3, and is preferably an insulating material other than the glass
substrate of the insulating material (S). Examples of the insulating material (J)
include an organic film substrate and a prepreg. Among them, a prepreg is
preferable because it is highly rigid and much higher in insulation reliability, and it can
allow the peeling strength at the interface between the carrier substrate (G) and the
metal layer (M), in filling of the hole (H) therewith, to be more properly adjusted. As
the material of the organic film of the organic film substrate, any material which is
described with respect to the organic film substrate and which can be used as the
insulating material (S) can be used. As the prepreg that can be used as the
insulating material (J), any prepreg described above, which can be used as the
support (F), can be used.

[0070] .

The thickness of the insulating material (J) is not particularly restricted, and is
preferably 5 to 200 um, more preferably 5 to 150 um. When the thickness of the
insulating material (J) is 5 um or more, rigidity and insulation reliability are higher,
and when the thickness is 200 um or less, forming of the non-through hole (R) by
laser processing and metal plating of the non-through hole (R) are more easily
conducted, and economic efficiency is much higher.

[0071]

The kind of the metal of the metal foil is not particularly limited, and for
example, at least one selected from gold, silver, copper, aluminum, and an alloy of
two or more of such metals thereof can be used. Among them, copper is suitably
used in terms of thermal expansion rate, conductivity and economic efficiency.

[0072]
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The thickness of the metal foil is not particularly restricted, and is preferably 1
to 70 um, more preferably 1.5 to 35 um. When the thickness of the metal foil is 1
um or more, handling is easier, and when the thickness is 70 um or less, economic
efficiency is higher.

[0073]

As such a metal foil, a commercially available product such as JDLC (trade
name, copper foil of 12 um thickness) produced by JX Nippon Mining & Metals
Corporation and 3EC-IIl (trade name, copper foil of 18 um thickness) produced by
Mitsui Mining & Smelting Co., Ltd. can be used. In addition, an adhesion layer may
be provided between the metal foil and the insulating material (J), and a metal foil
with an adhesion layer may also be used. The material of the adhesion layer is not
particularly limited, and an acrylic resin, an epoxy-based resin, a polyimide-based
resin and a polyester-based resin can be used.

[0074]

The heating and pressurizing treatment method is not particularly limited, and
examples can include vacuum (reduced pressure) hot pressing and vacuum
(reduced pressure) lamination. Among them, vacuum (reduced pressure) hot
pressing is preferable because it can more increase the adhesion strength in use of a
prepreg as the insulating material (J).

[0075]

The heating temperature is not particularly limited, and is preferably 180 to
230°C, more preferably 210 to 220°C. When the heating temperature is 180 to
230°C, the second intermediate laminate with the hole (H), the insulating material (J)
and the metal foil more sufficiently adhere, and the hole (H) is also further sufficiently
filled with the insulating material (J).

[0076]
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The pressurizing pressure is not particularly limited, and is preferably 1 to 4
MPa, more preferably 2.5 to 3.5 MPa. When the pressurizing pressure is 1 to 4
MPa, the second intermediate laminate with the hole (H), the insulating material (J)
and the metal foil more sufficiently adhere, and the hole (H) is also further sufficiently
filled with the insulating material (J).

[0077]

The heating and pressurizing treatment time is not particularly limited, and is
preferably 60 to 300 minutes, more preferably 120 to 180 minutes. When the
heating and pressurizing treatment time is 60 to 300 minutes, the second
intermediate laminate with the hole (H), the insulating material (J) and the metal foil
more sufficiently adhere, and the hole (H) is also further sufficiently filled with the
insulating material (J).

[0078]
[Step 4]

Step 4 is a step of treating the third intermediate laminate where the hole (H) is
filled with the insulating material (J), with a chemical agent. The step of performing
treatment with a chemical agent is not particularly limited, and examples include
steps 4a, 4b and 4c described above. Hereinafter, steps 4a, 4b and 4c are
described in more detail.

[0079]

Step 4a is a step of removing a smear generated in formation of a non-through
hole (R) by laser processing on the third intermediate laminate with the hole (H) filled
with the insulating material (J), which undergoes step 3 or on which a metal foil is
further stacked in step A described later (provided that step A is performed later than
step 3). The "treatment with a chemical agent” in step 4a refers to a treatment for
removal of a smear such as a resin generated in formation of a non-through hole (R)

and attached on the third intermediate laminate (desmear treatment).
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[0080]

The method for forming the non-through hole (R) by laser processing is not
particularly limited, and for example, a processing method performed in usual
production of a multilayer printed wiring board, such as a processing method by
carbon dioxide laser and a processing method by UV laser, can be used. The
shape of the non-through hole (R) is not particularly limited, and may be, for example,
any shape obtained in usual production of a multilayer printed wiring board, such as
round and elliptical shapes when viewed from the third intermediate laminate surface.
In addition, the shape of the cross section in parallel with the stacking direction of the
third intermediate laminate, of the non-through hole (R), is also not particularly limited,
and may be any shape obtained in usual production of a multilayer printed wiring
board, such as square, oblong and trapezoidal shapes.

[0081]

The size of the non-through hole (R) is not particularly limited and may be any
size obtained in usual production of a multilayer printed wiring board, and for
example, the cross-sectional area of the hole (R) when viewed from the third
intermediate laminate surface (namely, the area of any cross section perpendicular to
the stacking direction of the third intermediate laminate) is 0.0003 to 3 mm?. The
depth of the non-through hole (R) is also not particularly limited and may be any
depth obtained in usual production of a multilayer printed wiring board, for example, 5
to 200 um.

[0082]

The desmear treatment method and the kind of the chemical agent for use in
the desmear treatment are not particularly limited and may be any desmear
treatment method and any chemical agent in usual production of a multilayer printed
wiring board. Examples of the desmear treatment method include treatment with a

swelling liquid, treatment with a desmear liquid, and treatment with a neutralization
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liquid. In addition, the chemical agent for use in the desmear treatment may also be
a commercially available product.
[0083]

In addition, conditions of the desmear treatment are appropriately selected
depending on the kind of the insulating material for use in the laminate, and the kind
and the concentration of the chemical agent. Such a desmear treatment method
may be, for example, a method where the third intermediate laminate is immersed in
a desmear swelling liquid (trade name "PTH-B103") produced by Okuno Chemical
Industries Co., Ltd. at 65°C for 5 minutes, thereafter immersed in desmear treatment
liquids (trade name "PTH1200" and "PTH1200NA") produced by Okuno Chemical
Industries Co., Ltd. at 80°C for 8 minutes, and finally immersed in a desmear
neutralization liquid (trade name "PTH-B303") produced by Okuno Chemical
Industries Co., Ltd. at 45°C for 5 minutes.

[0084]

Step 4b is a step of plating the surface of the metal foil formed in step 3 or step
A (provided that step A is performed later than step 3) described later in detail. That
is, the "treatment with a chemical agent" in step 4b is a treatment for plating the
surface of the metal foil. The treatment for plating the surface of the metal foil is not
particularly limited, may be a copper plating treatment to be performed in usual
production of a multilayer printed wiring board, and is preferably a copper plating
treatment. The plating treatment method and the kind of the chemical agent for use
in the plating treatment are not particularly limited, and may be any plating treatment
method and any chemical agent in usual production of a multilayer printed wiring
board. Examples of the copper plating treatment method include treatment with a
degreasing liquid, treatment with a soft etching liquid, acid cleaning, treatment with a
predipping liquid, treatment with a catalyst liquid, treatment with an accelerator liquid,

treatment with a chemical copper liquid, acid cleaning, and treatment of immersion in

40



10

15

20

25

a copper sulfate liquid and application of a current. The chemical agent for use in
the plating treatment may also be a commercially available product.
[0085]

In addition, conditions of the plating treatment are appropriately selected
depending on the kind of the insulating material for use in the laminate, and the kind
and the concentration of the chemical agent. Such a plating treatment method may
be, for example, the following method. That is, a method may be adopted where the
third intermediate laminate is immersed in OPC-B41 Condiclean (trade name)
produced by Okuno Chemical Industries Co., Ltd., as a conditioner liquid, at 65°C for
5 minutes and thereafter washed with tap water, and immersed in NPE-300 (trade
name) produced by Mitsubishi Gas Chemical Company, Inc., as an etching agent, at
25°C for 1 minute and thereafter washed with tap water, as a pre-treatment;
subsequently, the third intermediate laminate after washing with tap water is
immersed in 50% sulfuric acid at 25°C for 3 minutes and thereafter washed with tap
water, and then immersed in OPC-SALM (trade name) produced by Okuno Chemical
Industries Co., Ltd., as a predipping liquid, at 25°C for 2 minutes and thereafter
washed with tap water; next, the third intermediate laminate after washing with tap
water is immersed in OPC-80 Catalyst M (trade name) produced by Okuno Chemical
Industries Co., Ltd., as a catalyst liquid, at 25°C for 6 minutes and thereafter washed
with tap water, and furthermore immersed in OPC-500 Accelerator MX (trade name)
produced by Okuno Chemical Industries Co., Ltd., as an activating agent, at 28°C for
8 minutes and thereafter washed with tap water; and thereafter, the third intermediate
laminate after washing with tap water is immersed in ATS Add Copper IW (trade
name) produced by Okuno Chemical Industries Co., Ltd., as an electroless copper
plating liquid, at 32°C for 10 minutes, immersed in 50% sulfuric acid at 20°C for 2
minutes, thereafter washed with tap water, and finally immersed in Toprutina SF

(trade name) produced by Okuno Chemical Industries Co., Ltd., as a liquid to which
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copper sulfate is added, at 22°C for 46 minutes with a current density of 2 Al/dm?
being applied, as an electroless copper plating bath treatment.
[0086]

Step 4c is a step of forming a circuit pattern from the metal foil formed in step 3
or in step A (provided that step A is performed later than step 3) described later in
detail by a subtractive method. The method for forming a circuit pattern from the
metal foil by a subtractive method is not particularly limited, and may also be a
method performed in usual production of a multilayer printed wiring board. For
example, formation of a circuit pattern from copper foil by a subtractive method can
be performed as follows. A circuit pattern can be formed by, first, using a hydrogen
peroxide /sulfuric acid-based soft etching liquid such as CZ-8100 (trade name)
produced by MEC Co., Ltd. to etch a copper foil surface by 1 to 2 um (roughening
treatment), then laminating a dry film (RD-1225 produced by Hitachi Chemical Co.,
Ltd.) on the copper foil surface at a temperature of 110 + 10°C and a pressure of
0.50 + 0.02 MPa; next, performing exposure with a mask exposure machine based
on the alignment hole (T), developing a dry film resist in an aqueous 1% sodium
carbonate solution, thereafter, removing the copper foil in a region not covered with
an etching resist by an aqueous cupric chloride solution, and finally stripping the dry
film resist by an amine-based resist stripping liquid. Examples of the treatment with
a chemical agent in step 4b include a roughening treatment with a soft etching liquid,
removal of copper by an aqueous cupric chloride solution, and treatment with an
amine-based resist stripping liquid.

[0087]
[Step 5]
Step 5 is a step of removing the carrier substrate (G) from the third

intermediate laminate. The method for removing the carrier substrate (G) is not
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particularly limited, and the carrier substrate (G) can be removed by, for example,
peeling from the third intermediate laminate manually or mechanically.

[0088]

[Step A]

Step A is a step of stacking and disposing an insulating material (K) and a
metal foil in this order on any of the intermediate laminated bodies or the laminate,
and pressurizing them in the stacking direction thereof with heating to allow the
insulating material (K) and the metal foil to adhere to the intermediate laminate or the
laminate. The method for producing the laminate of the present embodiment can
include step A among steps 1 to 4, after step 4 (provided that step 5 is not included),
or between step 4 and step 5. For example, the method for producing the laminate
can include step A between step 1 and step 2, and/or after step 4. The insulating
material (K) that can be used in step A is not particularly limited, for example, the
same material as the insulating material (J) in step 3 can be used, and among them,
a prepreq is suitable. The metal foil that can be used in step A may be the same as
the metal foil described with respect to step 3. The heating and pressurizing
treatment method, the heating temperature, the pressurizing pressure, and the
heating and pressurizing treatment time in step A are not particularly limited, and
may be, for example, the heating and pressurizing treatment method, the heating
temperature, the pressurizing pressure, and the heating and pressurizing treatment
time in step 3 above, respectively.

[0089]
[Step B]

Step B is a step of pattern plating the metal layer (M) on any of the
intermediate laminate surfaces or the laminate surface to form a circuit pattern. The
method for producing the laminate of the present embodiment can include step B

among steps 1 to 3 above, and for example, can include step B between step 2 and
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step 3. The method for forming a circuit pattern by pattern plating is not particularly
limited, and the method performed in usual production of a multilayer printed wiring
board can be used. For example, a method may be adopted which includes
laminating a dry film (RD-1225 (trade name) produced by Hitachi Chemical Co., Ltd.)
at a temperature of 110 + 10°C and a pressure of 0.50 + 0.02 MPa, then performing
exposure with a mask exposure machine based on the alignment hole (T),
developing a dry film resist in an aqueous 1% sodium carbonate solution, thereafter
precipitating copper on a metal layer (M) not covered with the resist, by electrolytic
copper plating or the like, and finally stripping the dry film resist by an amine-based
resist stripping liquid.

[0090]

[Step C]

Step C is a step of forming a circuit pattern from the metal foil included in any
of the intermediate laminated bodies by a subtractive method. The method for
producing the laminate of the present embodiment can include step C among steps 1
to 3 above, and for example, can include step C between step 2 and step 3. The
method for forming a circuit pattern from the metal foil by a subtractive method is not
particularly limited, and a method performed in usual production of a multilayer
printed wiring board can be used as in the treatment 4c.

[0091]
[Laminate having build-up structure]

A laminate having a build-up structure of the present embodiment is produced
by a production method including one or two or more steps of further stacking and
disposing a metal foil and an insulating material on one surface or both surfaces of
the laminate of the present embodiment, and pressurizing them in the stacking
direction thereof with heating. That is, the step can be repeated at least once to

thereby prepare a laminate having a build-up structure. The stacking order of the
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metal foil and the insulating material is not particularly limited. The insulating
material that can be used in production of the laminate having a build-up structure is
not particularly limited, and may be, for example, the insulating material (J) in step 3,
and a prepreg is suitable. In addition, the metal foil is also not particularly limited,
and may be, for example, the metal foil described with respect to step 3. The
heating and pressurizing treatment method, the heating temperature, the
pressurizing pressure, and the heating and pressurizing treatment time in production
of the laminate having a build-up structure are not particularly limited, and may be,
for example, the heating and pressurizing treatment method, the heating temperature,
the pressurizing pressure, and the heating and pressurizing treatment time in step 3
above, respectively.

[0092]

[Substrate for mounting a semiconductor device]

A substrate for mounting a semiconductor device of the present embodiment is
made by a production method including a step of further forming a circuit pattern on
the outer layer of the laminate of the present embodiment, by a subtractive method.
A circuit pattern may be formed on only one surface or both surfaces of the laminate.
The method for forming a circuit pattern by a subtractive method is not particularly
limited, and may be the method performed in usual production of a multilayer printed
wiring board, as in step 4c above.

[0093]

The laminate of the present embodiment is a laminate where the hole (H)
reaching the support (F) in the carrier substrate (G) is filled with the insulating
material (J) to thereby cause less appearance failure and impart a more uniform
thickness of the metal layer (M). The laminate is used to thereby allow productivities
of a thin printed wiring board and a substrate for mounting a semiconductor device to

be higher than conventional one.
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Examples
[0094]

Hereinafter, the present invention is described with reference to Examples and
Comparative Examples in more detail, but the present invention is not limited to
these Examples at all.

[0095]
<Example 1>

First, a first intermediate laminate with a metal layer (M) 3 formed on both
surfaces of a carrier substrate (G) 10, as illustrated in Figure 1(1), was made as
follows (step 1). Prepared was a support (F) 1 including a prepreg (thickness: 0.100
mm, trade name "GHPL-830NS ST56" produced by Mitsubishi Gas Chemical
Company, Inc.) obtained by impregnating a glass cloth (glass fiber) with a
bismaleimide triazine resin (BT resin) for B-staging. On both surfaces thereof was
disposed copper foil with a carrier metal foil (trade name "MT18EX" produced by
Mitsui Mining & Smelting Co., Ltd., 5-um thin copper foil with 18-um carrier copper
foil, one having a peeling strength of 5 N/m was selected among a plurality of sheets
of the copper foil with a carrier metal foil.) including carrier copper foil (thickness: 18
um) 2 and thin copper foil (thickness: 5 um) 3 stacked and having a peeling strength
at the interface therebetween of 5 N/m so that the mat surface of the thin copper foil
3 faced outside (namely, the opposite surface of the mat surface faced the support
(F)). Next, the resultant was subjected to a pressing treatment under vacuum
(reduced pressure) at a heating temperature of 220°C and at a pressing pressure in
the stacking direction of 3 MPa for 120 minutes, to prepare a first intermediate
laminate provided with the carrier substrate (G) 10 and the metal layer (M) 3

including the thin copper foil formed on both surfaces thereof. The planar shape of
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the first intermediate laminate made was rectangular, and the size was 514 mm x
409 mm.
[0096]

Next, in step 2, a through hole (H) 7 having a diameter of 0.30 mm and a
cross-sectional area of 0.071 mm? was provided by a drill on four corners (peeling
likely occurring at the interface between the carrier substrate (G) 10 and the metal
layer (M) 3 in treatment with a chemical agent in step 4) of the first intermediate
laminate, to provide a second intermediate laminate (Figure 1(2)). The number of
the holes (H) 7 was 5 per corner, and was 20 in total. The position of each of the
holes (H) 7 was a position located at a distance of 4 mm from the end portion of the
second intermediate laminate, and the interval between adjacent holes (H) 7 was 30
mm.

[0097]

Subsequently, as illustrated in Figure 1(3), prepreg 5 (thickness: 0.080 mm,
trade name "GHPL-830NS SH65" produced by Mitsubishi Gas Chemical Company,
Inc.) obtained by impregnating a glass cloth with a bismaleimide triazine resin (BT
resin) for B-staging, and copper foil 6 having a thickness of 12 um (electrolytic copper
foil produced by JX Nippon Mining & Metals Corporation, thickness: 12 um, trade
name "JDLC") were disposed on both surfaces of the second intermediate laminate
with the holes (H) 7 formed, and the resultant was subjected to a pressing treatment
under vacuum (reduced pressure) at a heating temperature of 220°C and at a
pressing pressure in the stacking direction of 3 MPa for 120 minutes, to provide a
third intermediate laminate (step 3).

[0098]

Next, in order that, in a treatment of the third intermediate laminate obtained in

step 3 with a chemical agent, the presence and the degree of penetration of the

chemical agent into the interface (peeling surface) between the carrier substrate (G)
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and the metal layer (M) were confirmed, the third intermediate laminate was
subjected to a desmear treatment (step 4). Specifically, first, the third intermediate
laminate was immersed in a desmear swelling liquid (trade name "PTH-B103")
produced by Okuno Chemical Industries Co., Ltd. at 65°C for 5 minutes and swollen,
thereafter immersed in desmear treatment liquids (trade name "PTH1200" and trade
name "PTH1200NA") produced by Okuno Chemical Industries Co., Ltd. at 80°C for 8
minutes, and finally immersed in a desmear neutralization liquid (tfrade name "PTH-
B303") produced by Okuno Chemical Industries Co., Ltd. at 45°C for 5 minutes.
[0099]

Finally, as illustrated in Figure 1(4), the carrier substrate (G) 10 was peeled
from the third intermediate laminate after the desmear treatment, at the interface
(peeling surface) between the carrier substrate (G) 10 and the metal layer (M) 3 (step
5), to provide a laminate 9, and the presence of penetration of the chemical agent
into the peeling surface was visually confirmed. As a result of visual examination,
penetration of the chemical agent into the peeling surface of the laminate 9 was
confirmed within a region of up to 5 mm from the end portion of the laminate 9 as
illustrated in Figure 2. Herein, a hole (H) was formed in a portion indicated by an
arrow in Figure 2. In addition, the laminate 9 was polished from the end portion until
the cross section of any hole (H) 7 appeared, to observe the cross section of the
laminate 9 by a microscope, and it was thus found that the hole (H) 7 was filled with
the prepreg.

[0100]
<Comparative Example 1>

A laminate was made in the same manner as in Example 1 except that step 2

was not performed, and the presence of penetration of the chemical agent into the

peeling surface was visually confirmed. As a result of visual examination, the

48



10

15

20

25

chemical agent was confirmed to penetrate into the peeling surface of the laminate
within a region of up to 50 mm from the end portion of the laminate (see Figure 4).
[0101]

It was found from the comparison of the results in Example 1 and Comparative
Example 1 that a hole (H) reaching a prepreg as the support (F) in the carrier
substrate (G) could be formed in a circumference section not serving as a product of
the laminate and being located at a distance of 50 mm or less from the end portion of
the laminate, and the hole (H) could be filled with a prepreg as the insulating material
(J), to thereby prepare a laminate with penetration of the chemical agent being
suppressed. That is, the laminate obtained in Example 1 was found to be better in
appearance than the laminate obtained in Comparative Example 1. A section where
the appearance of the laminate is not good cannot be used in a printed wiring board
and a substrate for mounting a semiconductor device, and is required to be removed
by cutting. Accordingly, the laminate obtained Example 1 could allow the amounts
of a printed wiring board and a substrate for mounting a semiconductor device to be
produced per one thereof, to be larger than those per one of the laminate obtained in
Comparative Example 1, and was found to be more excellent in productivity.

[0102]
<Example 2>

First, as illustrated in Figure 5(1), prepared was a support (F) 1 including a
prepreg (thickness: 0.100 mm, trade name "GHPL-830NS ST56" produced by
Mitsubishi Gas Chemical Company, Inc.) obtained by impregnating a glass cloth with
a bismaleimide triazine resin (BT resin) for B-staging. On both surfaces thereof was
disposed copper foil with carrier copper foil (trade name "MT18EXx" produced by
Mitsui Mining & Smelting Co., Ltd., 5 um thin copper foil with 18 um carrier copper foil,
one having a peeling strength of 5 N/m was selected among a plurality of sheets of

the copper foil with carrier copper foil.) including carrier copper foil (thickness: 18 um)
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2 and thin copper foil (thickness: 5 um) 3 stacked and having a peeling strength at
the interface therebetween of 5 N/m so that the mat surface of the thin copper foil 3
faced outside (namely, the opposite surface of the mat surface faced the support (F)).
Next, the resultant was subjected to a pressing treatment under vacuum (reduced
pressure) at a heating temperature of 220°C and at a pressing pressure in the
stacking direction of 3 MPa for 120 minutes, to prepare a first intermediate laminate
provided with the carrier substrate (G) 10 and the metal layer (M) 3 including the thin
copper foil formed on both surfaces thereof (step 1). The planar shape of the first
intermediate laminate made was rectangular, and the size was 514 mm x 409 mm.
[0103]

Next, as illustrated in Figure 5(2), a through hole (H) 7 having a diameter of
0.300 mm and a cross-sectional area of 0.071 mm? was provided by a drill on four
corners of the first intermediate laminate and the periphery of an alignment hole (T)
11 to be provided after step 3, to provide a second intermediate laminate (step 2).
The arrangement and the number of the holes (H) 7 were as follows: the number of
the holes (H) 7 was 5 per corner and was 20 in total at a position located at a
distance of 5 mm from the end portion of the second intermediate laminate on four
corners of the second intermediate laminate; the interval between adjacent holes (H)
7 was 30 mm; 8 of the holes (H) 7 were provided at a position located at a distance
of 5 mm or 7 mm from the end portion of an alignment hole (T) 11 to be provided
after step 3, at the periphery of the alignment hole (T) 11; and the interval between
adjacent holes (H) 7 was 5 mm. An NC drilling machine being capable of punching
a hole with the position coordinate being fixed was used for hole punching at the
periphery of the alignment hole (T) 11.
[0104]

Subsequently, in step B, as illustrated in Figure 5(3), a photosensitive dry film

resist (trade name "RD-1225" produced by Hitachi Chemical Co., Ltd.) was laminated
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on the surface of the first intermediate laminate, and thereafter exposed and
developed according to a predetermined circuit pattern to form a resist. Thereafter,
an electrolytic copper plating treatment was performed to precipitate copper on a
metal layer (M) not covered with the resist, forming a circuit pattern 4. Next, a resist
stripping liquid was used to strip the resist. Next, in order to enhance the adhesion
strength between the circuit pattern 4 and a prepreg to be stacked in step 3
described later, an etching agent (trade name "Clean Etch EMR-5000") produced by
Mitsubishi Gas Chemical Company, Inc. was used to perform a roughening treatment
of the surface of the circuit pattern 4. Thus, a second intermediate laminate was
obtained.

[0105]

Thereafter, in step 3, a prepreg 5 (thickness: 0.080 mm, trade name "GHPL-
830NS SH65" produced by Mitsubishi Gas Chemical Company, Inc.) obtained by
impregnating a glass cloth with a bismaleimide triazine resin (BT resin) for B-staging,
and copper foil 6 having a thickness of 12 um (electrolytic copper foil produced by JX
Nippon Mining & Metals Corporation, thickness: 12 um, trade name "JDLC") were
disposed on both surfaces of the second intermediate laminate with the holes (H) 7
formed, and subjected to a pressing treatment under vacuum (reduced pressure) at a
heating temperature of 220°C and at a pressing pressure in the stacking direction of
3 MPa for 120 minutes, to provide a third intermediate laminate (see Figure 5(4)).
[0106]

Furthermore, as illustrated in Figure 5(5), an X-ray hole punching apparatus
was used to form an alignment hole (T) 11 (round shape, diameter: 2.0 mm). Next,
as illustrated in Figure 5(6), a photosensitive dry film resist (trade name "RD-1225"
produced by Hitachi Chemical Co., Ltd.) was laminated on the surface of the third
intermediate laminate. Thereafter, the resultant was exposed in concert with the

alignment hole (T) 11 according to a predetermined circuit pattern, and subjected to a
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development treatment with an aqueous 1% sodium carbonate solution, to form an
etching resist. Furthermore, copper foil 6 not covered with the etching resist was
removed by an aqueous cupric chloride solution, and furthermore the etching resist
was stripped by a resist stripping liquid to form a circuit pattern from the copper foil 6
on the third intermediate laminate surface (step 4c).

[0107]

Next, in order that, in the treatment with a chemical agent, the presence and
the degree of penetration of the chemical agent into the interface (peeling surface)
between the carrier substrate (G) 10 and the metal layer (M) 3 were confirmed, the
third intermediate laminate that underwent step 4c was subjected to a desmear
treatment (step 4). Specifically, first, the third intermediate laminate was immersed
in a desmear swelling liquid (trade name "PTH-B103") produced by Okuno Chemical
Industries Co., Ltd. at 65°C for 5 minutes and swollen, thereafter immersed in
desmear treatment liquids (trade name "PTH1200" and trade name "PTH1200NA")
produced by Okuno Chemical Industries Co., Ltd. at 80°C for 8 minutes, and finally
immersed in a desmear neutralization liquid (trade name "PTH-B303") produced by
Okuno Chemical Industries Co., Ltd. at 45°C for 5 minutes.

[0108]

Finally, as illustrated in Figure 5(7), the carrier substrate (G) 10 was peeled

from the third intermediate laminate after the desmear treatment, at the interface

(peeling surface) between the carrier substrate (G) 10 and the metal layer (M) 3 (step

- ), to provide a laminate 9, and the presence of penetration of the chemical agent

into the peeling surface was visually confirmed. As a result of visual examination,
penetration of the chemical agent into the peeling surface of the laminate 9 was
confirmed within a region of up to 2 mm from the end portion of the alignment hole
(H) 11, as illustrated in Figure 6. Herein, a hole (H) was formed in a portion

indicated by an arrow in Figure 6. In addition, penetration of the chemical agent into
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the peeling surface of the laminate 9 was confirmed within a region of up to 5 mm
from the end portion of the laminate 9 as in Example 1 (not illustrated). Furthermore,
the laminate 9 was polished from the end portion until the cross section of any hole
(H) 7 appeared, to observe the cross section of the laminate 9 by a microscope, and
it was thus found that the hole (H) 7 was filled with the prepreg.
[0109]
<Example 3>

A laminate was made in the same manner as in Example 2 except that 8 of the
holes (H) 7 at the periphery of the alignment hole (T) 11 were provided at a position
located at a distance of 2 mm or 3 mm from the end portion of the alignment hole (T)
11 in Example 2, and the presence of penetration of the chemical agent into the
peeling surface was visually confirmed. As a result of visual examination,
penetration of the chemical agent into the peeling surface was confirmed within a
region of up to 2 mm from the end portion of the alignment hole (T) 7 (see Figure 7).
Herein, a hole (H) was formed in a portion indicated by an arrow in Figure 7. In
addition, penetration of the chemical agent into the peeling surface of the laminate 9
was confirmed within a region of up to 5 mm from the end portion of the laminate 9
as in Example 1 (not illustrated). Furthermore, the laminate 9 was polished from the
end portion until the cross section of any hole (H) 7 appeared, to observe the cross
section of the laminate 9 by a microscope, and it was thus found that the hole (H) 7
was filled with the prepreg.
[0110]
<Comparative Example 2>

A laminate was made in the same manner as in Example 2 except that step 2
was not performed, and the presence of penetration of the chemical agent into the
peeling surface was visually confirmed. As a result of visual examination, the

chemical agent was confirmed to penetrate into the peeling surface of the laminate
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within a region of up to 30 mm from the alignment hole (T) (see Figure 9). In
addition, the chemical agent was confirmed to penetrate within a region of up to 50
mm from the end portion of the laminate (not illustrated).

[0111]

It was found from the comparison of the results in Examples 2 and 3 and
Comparative Example 2 that a hole (H) could be provided at the periphery of.an
alignment hole (T) to be provided after step 3 for the purpose of formation of a circuit
pattern and the hole (H) could be filled with a prepreg as an insulating material (J), to
thereby prepare a laminate with penetration of a chemical agent being suppressed
even at the periphery of the hole (T). That is, the laminate obtained in each of
Examples 2 and 3 was found to be better in appearance than the laminate obtained
in Comparative Example 2. The laminate obtained in each of Examples 2 and 3
allowed the amounts of a printed wiring board and a substrate for mounting a
semiconductor device to be produced per one thereof, to be larger than those per-
one of the laminate obtained in Comparative Example 2, and was found to be more
excellent in productivity.

[0112]

The present application is based on Japanese Patent Application (Japanese

Patent Application No. 2014-147703) filed on July 18, 2014, the content of which is

herein incorporated as reference.

Industrial Applicability
[0113]

The present invention can provide a laminate made by stacking a metal foil
and an insulating material on an intermediate laminate provided with a carrier
substrate and a peelable metal layer formed on the substrate, and if necessary,

finally removing the carrier substrate, wherein penetration of a chemical agent into
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the interface between the carrier substrate and the peelable metal layer is
suppressed; a substrate for mounting a semiconductor device made from the
laminate; and methods for producing them. Accordingly, the present invention has

industrial applicability in such fields.

Reference Signs List
[0114]

1: support (F), 2: carrier copper foil, 3: thin copper foil (metal layer (M)), 4:
circuit pattern, 5: prepreg, 6: copper foil, 7: hole (H), 9: laminate, 10: carrier substrate

(G), 11: alignment hole (T).
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CLAIMS

[Claim 1]

A laminate produced by a production method comprising at least:

a step of providing a first intermediate laminate comprising a carrier substrate
including a support therein and a peelable metal layer formed on at least one surface
of the carrier substrate,

a step of forming, in a section not serving as a product of the first intermediate
laminate, a first hole reaching at least the support in the carrier substrate from a
surface of the first intermediate laminate, to prepare a second intermediate laminate
with the first hole,

a step of stacking and disposing on the surface where the first hole is formed
of the second intermediate laminate, an insulating material and a metal foil in this
order when viewed from the surface, and pressurizing the second intermediate
laminate, the insulating material and the metal foil in the stacking direction thereof
with heating, to prepare a third intermediate laminate where the first hole is filled with
the insulating material, and

a step of performing treatment with a chemical agent on the third intermediate
laminate.

[Claim 2]

The laminate according to claim 1, wherein an end portion of the first hole is
located at a distance of 50 mm or less from an end portion of the laminate.
[Claim 3]

The laminate according to claim 1 or 2, wherein the production method
comprises a step of providing a second hole for alignment between the step of
making the third intermediate laminate and the step of performing treatment with a

chemical agent, and the first hole is provided at least at a position closer to an end
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portion of the laminate than an end portion of the second hole and a position closer
to the end portion of the second hole than the end portion of the laminate or
equidistant from these end portions, in the step of making the second intermediate
laminate.

[Claim 4]

The laminate according to claim 3, wherein an end portion of the first hole
provided at a position closer to the end portion of the second hole than the end
portion of the laminate or equidistant from these end portions is located at a distance
of 50 mm or less from the end portion of the second hole.

[Claim 5]

The laminate according to any one of claims 1 to 4, wherein the production
method further comprises a step of removing the carrier substrate from the third
intermediate laminate after the step of performing treatment with a chemical agent.
[Claim 6]

The laminate according to any one of claims 1 to 5, wherein a cross-sectional
area of the first hole is 0.002 mm? or more and 8 mm? or less, and the number of the
first holes per 100 mm square is 3 or more.

[Claim 7]

The laminate according to any one of claims 1 to 6, wherein a thickness of the
carrier substrate is 30 to 250 pm.
[Claim 8]

The laminate according to any one of claims 1 to 7, wherein a thickness of the
metal layer is 20 um or less.
[Claim 9]

The laminate according to any one of claims 1 to 8, wherein a peeling strength
at an interface between the carrier substrate and the metal layer is 1 to 50 N/m.

[Claim 10]
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The laminate according to any one of claims 1 to 9, wherein the step of
performing treatment with a chemical agent is a step of removing a smear generated
in formation of a non-through hole by laser processing.

[Claim 11]

The laminate according to any one of claims 1 to 10, wherein the step of
performing treatment with a chemical agent is a step of plating a surface of the metal
foil.

[Claim 12]

The laminate according to any one of claims 1 to 11, wherein the step of
performing treatment with a chemical agent is a step of forming a circuit pattern from
the metal foil by a subtractive method.

[Claim 13]

The laminate according to any one of claims 1 to 12, wherein the first
intermediate laminate is a laminate made by stacking on one surface or both
surfaces of the support, a metal foil with a carrier metal foil, comprising a carrier
metal foil and a metal foil thinner than the carrier metal foil.

[Claim 14]

The laminate according to claim 13, wherein a thickness of the metal foil in the
metal foil with a carrier metal foil is 5 um or less.
[Claim 15]

The laminate according to claim 13 or 14, wherein the metal foil with a carrier
metal foil is copper foil with carrier copper foil, comprising carrier copper foil and
copper foil thinner than the carrier copper foil.

[Claim 16]

The laminate according to any one of claims 1 to 15, wherein a thickness of

the support is 5 to 200 um.

[Claim 17]
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The laminate according to any one of claims 1 to 16, wherein the support is an
insulating material.
[Claim 18]

The laminate according to any one of claims 1 to 17, wherein the insulating
material is a prepreg.
[Claim 19]

The laminate according to any one of claims 1 to 18, wherein the metal foil is
copper foil.
[Claim 20]

A laminate having a build-up structure, produced by a production method
comprising one or two or more steps of stacking and disposing a metal foil and an
insulating material on one surface or both surfaces of the laminate according to any
one of claims 1 to 19, and pressurizing the laminate, the metal foil and the insulating
material in the stacking direction thereof with heating.

[Claim 21]

A substrate for mounting a semiconductor device, produced by a production
method comprising a step of forming a circuit pattern on an outer layer of the
laminate according to any one of claims 1 to 20, by a subtractive method.

[Claim 22]

A method for producing a laminate, comprising at least:

a step of providing a first intermediate laminate comprising a carrier substrate
including a support therein and a peelable metal layer formed on at least one surface
of the carrier substrate,

a step of forming, in a section not serving as a product of the first intermediate
laminate, a first hole reaching at least the support in the carrier substrate from a
surface of the first intermediate laminate, to prepare a second intermediate laminate

with the first hole,
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a step of stacking and disposing on the surface where the first hole is formed
of the second intermediate laminate, an insulating material and a metal foil in this
order when viewed from the surface, and pressurizing the second intermediate
laminate, the insulating material and the metal foil in the stacking direction thereof
with heating, to prepare a third intermediate laminate where the first hole is filled with
the insulating material, and

a step of performing treatment with a chemical agent on the third intermediate
laminate.

[Claim 23]

A method for producing a substrate for mounting a semiconductor device,
comprising a step of forming a circuit pattern on an outer layer of a laminate obtained
by the method for producing a laminate according to claim 22, by a subtractive

method.
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