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(57) ABSTRACT

A wiring substrate includes an insulation layer, a first wiring
layer, and a second wiring layer. The first wiring layer is
embedded in the insulation layer with an upper surface of the
first wiring layer exposed from the insulation layer. The
second wiring layer includes a terminal portion located at a
lower position than a lower surface of the insulation layer
and an embedded portion embedded in the insulation layer.
The wiring substrate further includes a connection via
connecting the first wiring layer and the embedded portion.
The insulation layer includes an extension between the
embedded portion and a lower surface of the first wiring
layer. The extension includes a through hole. The connection
via is located in the through hole of the extension.
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WIRING SUBSTRATE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from prior Japanese Patent Application
No. 2017-095240, filed on May 12, 2017, the entire contents
of which are incorporated herein by reference.

FIELD

[0002] This disclosure relates to a wiring substrate and a
method for manufacturing a wiring substrate.

BACKGROUND

[0003] Conventional thin wiring substrates include vari-
ous types of wiring substrates, for example, on which an
electronic component such as a semiconductor chip is
mounted (refer to Japanese Laid-Open Patent Publication
Nos. 11-298143 and 2009-194312).

SUMMARY
[0004] The reliability of a wiring substrate needs to be
improved.
[0005] One embodiment is a wiring substrate. The wiring

substrate includes an insulation layer, a first wiring layer, a
second wiring layer, and a connection via. The first wiring
layer is embedded in the insulation layer with an upper
surface of the first wiring layer exposed from the insulation
layer. The second wiring layer includes a terminal portion
and an embedded portion. The terminal portion is located at
a lower position than a lower surface of the insulation layer.
The embedded portion is embedded in the insulation layer.
The connection via connects the first wiring layer and the
embedded portion of the second wiring layer. The insulation
layer includes an extension between the embedded portion
of the second wiring layer and a lower surface of the first
wiring layer. The extension of the insulation layer includes
a through hole extending through the extension in a thick-
ness-wise direction. The connection via is located in the
through hole extending through the extension.

[0006] Another embodiment is a method for manufactur-
ing a wiring substrate. The method includes etching a first
metal plate including a first surface and an opposite second
surface from the first surface to form a first wiring layer in
the first metal plate. The method also includes etching a
second metal plate including a first surface and an opposite
second surface from the first surface of the second metal
plate to form a projection in the second metal plate. The
method also includes arranging a semi-cured resin layer
between the first metal plate and the second metal plate so
that the first wiring layer faces an upper surface of the
semi-cured resin layer and so that the projection faces a
lower surface of the semi-cured resin layer. The method also
includes forming an insulation layer in which the first wiring
layer and the projection are embedded by pressing the first
metal plate and the second metal plate toward the semi-
cured resin layer and curing the semi-cured resin layer. The
method also includes forming a through hole that extends
through the first metal plate and the insulation layer and
partially exposes an upper surface of the projection. The
method also includes forming a connection via connecting
the first metal plate and the second metal plate by forming
a plating metal in the through hole through electrolytic

Nov. 15, 2018

plating. The method also includes etching the first metal
plate from the second surface of the first metal plate so that
the first wiring layer embedded in the insulation layer
remains. The method further includes patterning the second
metal plate from the second surface of the second metal plate
to form a wiring portion located at a lower position than a
lower surface of the insulation layer.

[0007] Another embodiment is a method for manufactur-
ing a wiring substrate. The method includes preparing a
support plate. The support plate includes a carrier plate and
a metal foil laminated on a lower surface of the carrier plate
with a delamination layer located in between. The method
also includes forming a first wiring layer on a lower surface
of the metal foil of the support plate through electrolytic
plating. The method also includes etching a metal plate to
form a projection in the metal plate. The method also
includes arranging a semi-cured resin layer between the
support plate and the metal plate so that the first wiring layer
faces an upper surface of the semi-cured resin layer and so
that the projection faces a lower surface of the semi-cured
resin layer. The method also includes forming an insulation
layer in which the first wiring layer and the projection are
embedded by pressing the support plate and the metal plate
toward the semi-cured resin layer and curing the semi-cured
resin layer. The method also includes separating the carrier
plate from the metal foil. The method also includes forming
a through hole that extends through the metal foil, the first
wiring layer, and the insulation layer and partially exposes
an upper surface of the projection. The method also includes
forming a connection via connecting the first wiring layer
and the metal plate by forming a plating metal in the through
hole through -electrolytic plating. The method further
includes removing the metal foil and patterning the metal
plate to form a wiring portion located at a lower position
than a lower surface of the insulation layer.

[0008] Other embodiments and advantages thereof will
become apparent from the following description, taken in
conjunction with the accompanying drawings, illustrating by
way of example the principles of the invention.

[0009] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are not restrictive of the
invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The embodiments, together with objects and
advantages thereof, may best be understood by reference to
the following description of the presently preferred embodi-
ments together with the accompanying drawings in which:
[0011] FIG. 1A is a schematic cross-sectional view illus-
trating a first embodiment of a wiring substrate;

[0012] FIG. 1B is a partially enlarged cross-sectional view
of the wiring substrate illustrated in FIG. 1A;

[0013] FIG. 2 is a schematic cross-sectional view of a
semiconductor device including the wiring substrate illus-
trated in FIG. 1A;

[0014] FIGS. 3Ato 3D, 4A to 4D, 5A, 5B, 6A to 6C, 7A,
7B, 8A, 8B, 9A to 9C, 10A, and 10B are schematic cross-
sectional views illustrating a method for manufacturing the
wiring substrate illustrated in FIG. 1A;

[0015] FIG. 11A is a schematic cross-sectional view illus-
trating a second embodiment of a wiring substrate;

[0016] FIG. 11B is a partially enlarged cross-sectional
view of the wiring substrate illustrated in FIG. 11A;
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[0017] FIGS. 124, 12B, 13A, 13B, 14, 15A, 15B, 16A to
16C, 17A, 17B, 18A, 18B, 19A to 19C, 20A, and 20B are
schematic cross-sectional views illustrating a method for
manufacturing the wiring substrate illustrated in FIG. 11A;
[0018] FIG. 21 is a partially enlarged plan view of the
wiring substrate illustrated in FIG. 11A;

[0019] FIGS. 22A to 22C are schematic cross-sectional
views illustrating a method for manufacturing a modified
example of a wiring substrate;

[0020] FIG. 23A is a schematic cross-sectional view illus-
trating a modified example of a wiring substrate;

[0021] FIG. 23B is a schematic cross-sectional view of a
semiconductor device including the wiring substrate illus-
trated in FIG. 23A;

[0022] FIG. 24A is a schematic cross-sectional view illus-
trating a modified example of a wiring substrate;

[0023] FIG. 24B is a schematic cross-sectional view of a
semiconductor device including the wiring substrate illus-
trated in FIG. 24A; and

[0024] FIGS. 25A to 25D are partially enlarged cross-
sectional views illustrating various modified examples of
wiring substrates.

DESCRIPTION OF THE EMBODIMENTS

[0025] Embodiments will now be described with reference
to the accompanying drawings. Elements in the drawings
may be partially enlarged and thus have not necessarily been
drawn to scale. To facilitate understanding, hatching lines
may not be illustrated or replaced by shadings in the
cross-sectional drawings. The same reference characters are
given to the same elements that are used in the embodi-
ments. Such elements will not be described in detail. In the
description hereafter, the “plan view” refers to the view of
an object taken in the vertical direction (for example,
upper-lower direction in FIG. 1A), and the “planar shape”
refers to the shape of an object as viewed in the vertical
direction.

First Embodiment

[0026] A wiring substrate 1 according to a first embodi-
ment will now be described. As illustrated in FIG. 1A, the
wiring substrate 1 includes a first wiring layer 10, a second
wiring layer 20, an insulation layer 30, connection vias 40,
solder resist layers 51 and 52, and surface-processed layers
61 and 62.

[0027] The insulation layer 30 is thin plate-shaped. The
material of the insulation layer 30 may be, for example, a
thermosetting resin. The thermosetting resin may be, for
example, an epoxy resin, a polyimide resin, or a cyanate
resin.

[0028] The first wiring layer 10 is located at the side of an
upper surface 30a of the insulation layer 30. The first wiring
layer 10 is embedded in the insulation layer 30. The first
wiring layer 10 has an upper surface 10a exposed from the
insulation layer 30. In the present embodiment, the upper
surface 10a of the first wiring layer 10 and the upper surface
30a of the insulation layer 30 are located at the same height
(i.e., same level).

[0029] As illustrated in FIG. 1B, the first wiring layer 10
has curved side surfaces 10c, each of which flares sideward
from a lower surface 105 of the first wiring layer 10 toward
the upper surface 10a. Thus, the cross section of the first
wiring layer 10 in a plan view enlarges from the lower
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surface 105 of the first wiring layer 10 toward the upper
surface 30a of the insulation layer 30. Further, the side
surfaces 10c of the first wiring layer 10 are curved along the
insulation layer 30 and concave toward an inner side of the
first wiring layer 10 from the lower surface 105 to the upper
surface 10a of the first wiring layer 10. The lower surface
105 and the side surfaces 10¢ of the first wiring layer 10 are
in contact with the insulation layer 30.

[0030] As illustrated in FIG. 1A, the second wiring layer
20 is located at the side of a lower surface 305 of the
insulation layer 30. The second wiring layer 20 includes
wiring portions 21 and projections 22. Each of the wiring
portions 21 is located at a lower position than the lower
surface 3056 of the insulation layer 30 and functions as a
terminal portion. Each of the projections 22 is embedded in
the insulation layer 30 and functions as an embedded
portion.

[0031] As illustrated in FIG. 1B, the projection 22 has an
upper surface 22a and a curved side surface 225. The side
surface 225 of the projection 22 flares sideward from the
upper surface 22a of the projection 22 toward the wiring
portion 21. Thus, the cross section of the projection 22 in a
plan view enlarges from the upper surface 22a of the
projection 22 toward the wiring portion 21. Further, the side
surface 226 of the projection 22 is curved along the insu-
lation layer 30 and concave toward an inner side of the
projection 22 from the upper surface 22a of the projection 22
to the wiring portion 21. The side surface 225 and the upper
surface 22a of the projection 22 are in contact with the
insulation layer 30.

[0032] The upper surface 22a of the projection 22 of the
second wiring layer 20 faces the lower surface 105 of the
first wiring layer 10. The insulation layer 30 includes
extensions 31 located in gaps between the lower surface 105
of'the first wiring layer 10 and the upper surface 22a of each
projection 22. The extensions 31 fill the gaps between the
lower surface 105 of the first wiring layer 10 and the upper
surface 22a of each projection 22. The extensions 31 are
formed by portions of the insulation layer 30. The lower
surface 105 of the first wiring layer 10 is spaced apart from
the upper surface 22a of each projection 22 and thus does
not contact the upper surface 22a.

[0033] Through holes 10X extend through the first wiring
layer 10 in the vertical direction (i.e., thickness-wise direc-
tion) in desired positions. Through holes 31X extend
through the respective extensions 31 of the insulation layer
30 in the vertical direction. Each of the through holes 31X
is located at the same position as the corresponding through
hole 10X of the first wiring layer 10 in a plan view. In the
present embodiment, the through holes 10X and the through
holes 31X have the same diameter.

[0034] The connection vias 40 are arranged in the through
holes 10X of the first wiring layer 10 and the through holes
31X of the insulation layer 30. Each of the connection vias
40 includes via portions 41 and 42. The via portion 41 is
located in the through hole 31X of the insulation layer 30
(extension 31) and functions as a connection portion. The
via portion 42 is located in the through hole 10X of the first
wiring layer 10 and functions as a through portion. The two
via portions 41 and 42 are formed integrally with each other.
[0035] The lower surface of the connection via 40 (via
portion 41) is connected to the upper surface 22a of the
projection 22 of the second wiring layer 20. The circumfer-
ential surface of the via portion 41 is in contact with the wall
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surface of the through hole 31X in the insulation layer 30
(extension 31). The circumferential surface of the via por-
tion 42 is connected to the wall surface of the through hole
10X in the first wiring layer 10. The material of the con-
nection vias 40 may be, for example, copper (Cu) or a
copper alloy. The connection vias 40 connect the first wiring
layer 10 and the second wiring layer 20 to each other.

[0036] As illustrated in FIG. 1A, the solder resist layer 51
is formed on the upper surface 30a of the insulation layer 30
to partially cover the first wiring layer 10. The solder resist
layer 51 includes openings 51X partially exposing the upper
surface 10a of the first wiring layer 10.

[0037] The solder resist layer 52 is formed on the lower
surface 304 of the insulation layer 30 to partially cover the
second wiring layer 20. The solder resist layer 52 includes
openings 52X partially exposing a lower surface 205 of the
second wiring layer 20.

[0038] For example, a photosensitive dry film resist or
liquid photoresist is used as the solder resist layer 51. The
material of such a resist may be, for example, a novolac resin
or an acrylic resin. For example, when a photosensitive dry
film resist is used, the insulation layer 30 and the first wiring
layer 10 are laminated with a dry film through thermocom-
pression bonding, and the dry film is patterned through
photolithography to form the solder resist layer 51 including
the openings 51X. When a liquid photoresist is used, the
solder resist layer 51 also may be formed through the same
process.

[0039] The material of the solder resist layer 52 may be,
for example, the same as the material of the solder resist
layer 51, that is, a photosensitive dry film resist or a liquid
photoresist (e.g., novolac resin or acrylic resin). For
example, when a photosensitive dry film resist is used, the
insulation layer 30 and the second wiring layer 20 are
laminated with a dry film through thermocompression bond-
ing, and the dry film is patterned through photolithography
to form the solder resist layer 52 including the openings
52X. When a liquid photoresist is used, the solder resist
layer 52 also may be formed through the same process.
Alternatively, different materials may be used as the solder
resist layers 51 and 52.

[0040] The surface-processed layer 61 is formed on the
upper surface 10a of the first wiring layer 10 exposed in the
openings 51X of the solder resist layer 51. The upper surface
of the surface-processed layer 61 functions as external
connection terminals P1 configured to be connected to an
electronic component such as a semiconductor chip.

[0041] The surface-processed layer 61 may be, for
example, a gold (Au) layer, a nickel (Ni) layer/Au layer
(metal layer in which Au layer is formed on Ni layer serving
as bottom layer), or an Ni layer/palladium (Pd) layer/Au
layer (metal layer in which Ni layer serves as bottom layer
and Ni layer, Pd layer, and Au layer are sequentially
stacked). The surface-processed layer 61 may be formed by
performing an anti-oxidation process such as an organic
solderability preservative (OSP) process. For example,
when an OSP process is performed, the surface-processed
layer 61 is formed by an organic coating of, for example, an
azole compound or an imidazole compound.

[0042] The surface-processed layer 62 is formed on a
lower surface 215 of each wiring portion 21 of the second
wiring layer 20 exposed in the openings 52X of the solder
resist layer 52. The lower surface of the surface-processed
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layer 62 functions as external connection terminals P2 used
to mount the wiring substrate 1 on another circuit board or
the like.

[0043] The surface-processed layer 62 may be, for
example, a gold (Au) layer, a nickel (Ni) layer/Au layer
(metal layer in which Au layer is formed on Ni layer serving
as bottom layer), or an Ni layer/palladium (Pd) layer/Au
layer (metal layer in which Ni layer serves as bottom layer
and Ni layer, Pd layer, and Au layer are sequentially
stacked). The surface-processed layer 62 may be formed by
performing an anti-oxidation process such as an organic
solderability preservative (OSP) process. For example,
when an OSP process is performed, the surface-processed
layer 62 is formed by an organic coating of, for example, an
azole compound or an imidazole compound.

[0044] As illustrated in FIG. 2, a semiconductor device
includes the wiring substrate 1 and a semiconductor chip 81
(electronic component) mounted on the wiring substrate 1.
The semiconductor chip 81 is connected to the external
connection terminals P1 by bumps 82. The semiconductor
chip 81 is flip-chip-connected to the wiring substrate 1. An
underfill resin 83 is formed in the gap between the semi-
conductor chip 81 and the wiring substrate 1. The semicon-
ductor chip 81 is, for example, a logic chip such as a CPU
or a memory chip. The bumps 82 are, for example, solder
bumps or gold bumps. The material of the solder bumps is,
for example, a lead-containing alloy, an alloy of tin and gold,
an alloy of tin and copper, an alloy of tin and silver, or an
alloy of tin, silver, and copper. The material of the underfill
resin 83 is, for example, an insulative resin such as an epoxy
resin.

[0045] Wiring Substrate Manufacturing Method

[0046] A method for manufacturing the wiring substrate 1
will now be described. For the sake of brevity, portions that
ultimately become elements of the wiring substrate 1 are
indicated by reference characters indicating the final ele-
ments. Each drawing illustrates reference characters of ele-
ments necessary for the description and may not illustrate
reference characters of elements that are not described.
[0047] As illustrated in FIG. 3A, a first metal plate 100 is
prepared. The first metal plate 100 is used to form the first
wiring layer 10 illustrated in FIG. 1A. The material of the
first metal plate 100 may be, for example, copper (Cu) or a
copper alloy. The thickness of the first metal plate 100 may
be set to, for example, 50 to 70 um. The thickness of the first
metal plate 100 may be set, for example, to be equal to the
thickness of each wiring portion 21 of the second wiring
layer 20 illustrated in FIG. 1A.

[0048] As illustrated in FIG. 3B, an etching mask 101
including openings 101X is formed on a lower surface 1005
of the first metal plate 100. The etching mask 101 is formed
on positions corresponding to the first wiring layer 10
illustrated in FIG. 1A.

[0049] The etching mask 101 is, for example, a resist
layer. The material of the resist layer may have, for example,
resistance to etching performed in the next step. For
example, a photosensitive dry film resist or liquid photore-
sist is used as the resist layer. The material of such a resist
layer may be, for example, a novolac resin or an acrylic
resin. For example, when a photosensitive dry film resist is
used, the lower surface 1005 of the first metal plate 100 is
laminated with a dry film through thermocompression bond-
ing, and the dry film is patterned through exposure and
development to form the etching mask 101. When a liquid
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photoresist is used, the etching mask 101 also may be
formed through the same process.

[0050] A protective layer 102 is formed on an upper
surface 100a of the first metal plate 100. The protective layer
102 protects the upper surface 100a of the first metal plate
100 during etching of the first metal plate 100 as described
above. The material of the protective layer 102 may be, for
example, the same as the material of the etching mask 101.
Alternatively, different materials may be used as the etching
mask 101 and the protective layer 102.

[0051] As illustrated in FIG. 3C, the first metal plate 100
is etched from the openings 101X of the etching mask 101
to form recesses 100¢ of desired depths in the first metal
plate 100. When a copper plate is used as the first metal plate
100, a ferric chloride solution or a cupric chloride solution
may be used as the etchant. For example, a spray etching
machine may be used as the etching machine. Portions of the
first metal plate 100 where the lower surface 1005 remains
after the etching, that is, portions covered by the etching
mask 101, function as the first wiring layer 10 illustrated in
FIG. 1A.

[0052] As illustrated in FIG. 3D, the etching mask 101 and
the protective layer 102 (refer to FIG. 3C) are removed from
the first metal plate 100. When a resist layer is used as the
etching mask 101, the etching mask 101 may be removed
through asking or using an alkaline stripping solution. The
protective layer 102 may be removed in the same manner as
the etching mask 101. This obtains the first metal plate 100
including the first wiring layer 10.

[0053] As illustrated in FIG. 4A, a second metal plate 110
is prepared. The second metal plate 110 is used to form the
second wiring layer 20 illustrated in FIG. 1A. The material
of the second metal plate 110 may be, for example, copper
(Cu) or a copper alloy. The thickness of the second metal
plate 110 may be set to, for example, 100 to 150 um.
[0054] As illustrated in FIG. 4B, an etching mask 111
including openings 111X is formed on an upper surface 110a
of the second metal plate 110. The etching mask 111 is
formed on positions corresponding to the projections 22 of
the second wiring layer 20 illustrated in FIG. 1A.

[0055] The etching mask 111 is, for example, a resist layer.
The material of the resist layer may have, for example,
resistance to etching performed in the next step. For
example, a photosensitive dry film resist or liquid photore-
sist is used as the resist layer. The material of such a resist
layer may be, for example, a novolac resin or an acrylic
resin. For example, when a photosensitive dry film resist is
used, the upper surface 110a of the second metal plate 110
is laminated with a dry film through thermocompression
bonding, and the dry film is patterned through exposure and
development to form the etching mask 111. When a liquid
photoresist is used, the etching mask 111 also may be formed
through the same process.

[0056] A protective layer 112 is formed on a lower surface
1105 of the second metal plate 110. The protective layer 112
protects the lower surface 1104 of the second metal plate 110
during etching of the second metal plate 110 as described
above. The material of the protective layer 112 may be, for
example, the same as the material of the etching mask 111.
Alternatively, different materials may be used as the etching
mask 111 and the protective layer 112.

[0057] As illustrated in FIG. 4C, the second metal plate
110 is etched from the openings 111X of the etching mask
111 to form recesses 110¢ of desired depths in the second

Nov. 15, 2018

metal plate 110. When a copper plate is used as the second
metal plate 110, a ferric chloride solution or a cupric
chloride solution may be used as the etchant. For example,
a spray etching machine may be used as the etching
machine. Portions of the second metal plate 110 where the
upper surface 110a remains after the etching, that is, por-
tions covered by the etching mask 111, function as the
projections 22 of the second wiring layer 20 illustrated in
FIG. 1A.

[0058] As illustrated in FIG. 4D, the etching mask 111 and
the protective layer 112 (refer to FIG. 4C) are removed from
the second metal plate 110. When a resist layer is used as the
etching mask 111, the etching mask 111 may be removed
through asking or using an alkaline stripping solution. The
protective layer 112 may be removed in the same manner as
the etching mask 111. This obtains the second metal plate
110 including the projections 22.

[0059] As illustrated in FIG. 5A, a mold sheet 120 is
prepared. The mold sheet 120 may be a semi-cured thermo-
setting resin layer. The material of the semi-cured resin layer
may be, for example, a thermosetting epoxy resin or a
thermosetting polyolefin resin but is not limited to these
resins. Alternatively, a semi-cured resin layer containing an
inorganic filler such as silica particles may be used as the
mold sheet 120. The inorganic filler may be alumina par-
ticles or silicon carbide particles. Further, multiple kinds of
particles may be used. The material of the mold sheet 120
may be a resin other than those described above.

[0060] As illustrated in FIG. 5A, the mold sheet 120 has
an upper surface 120a and a lower surface 1205. The mold
sheet 120 is arranged between the first metal plate 100 and
the second metal plate 110 so that the first wiring layer 10
faces the upper surface 120a and so that the projections 22
face the lower surface 12054.

[0061] As illustrated in FIG. 5B, for example, the first
metal plate 100 and the second metal plate 110 are pressed
toward the mold sheet 120 in a vacuum atmosphere. The
mold sheet 120 is heated and cured at a given temperature
(for example, 190° C. to 230° C.) to form the insulation layer
30. This step obtains a structural body 130. The structural
body 130 includes the insulation layer 30, the first metal
plate 100 formed at the side of the upper surface 30a (refer
to FIG. 1A) of the insulation layer 30, and the second metal
plate 110 formed at the side of the lower surface 305 of the
insulation layer 30. The first wiring layer 10 of the first metal
plate 100 is embedded in the insulation layer 30 at the side
of the upper surface 30a. The projections 22 of the second
metal plate 110 are embedded in the insulation layer 30 at
the side of the lower surface 304. Portions of the insulation
layer 30 sandwiched between the lower surface 1005 of the
first metal plate 100 and the upper surfaces 22a of the
projections 22 of the second metal plate 110 function as the
extensions 31.

[0062] As illustrated in FIG. 6A, an etching mask 141
including openings 141X is formed on the upper surface
100a of the first metal plate 100. The openings 141X of the
etching mask 141 are formed in positions corresponding to
the through holes 10X of the first wiring layer 10 illustrated
in FIG. 1A. For example, a resist layer may be used as the
etching mask 141 in the same manner as the etching masks
101 and 111 described above.

[0063] A protective layer 142 is formed on the lower
surface 1105 of the second metal plate 110. The protective
layer 142 covers the entire lower surface 1105 of the second



US 2018/0331026 Al

metal plate 110. The material of the protective layer 142 may
be, for example, the same as the material of the etching mask
141. Alternatively, different materials may be used as the
etching mask 141 and the protective layer 142.

[0064] As illustrated in FIG. 6B, the first metal plate 100
is etched from the openings 141X of the etching mask 141
to form the through holes 10X extending through the first
metal plate 100. In the same manner as the etching described
above, in the etching forming the through holes 10X, a ferric
chloride solution or a cupric chloride solution may be used
as the etchant. A spray etching machine may be used as the
etching machine.

[0065] As illustrated in FIG. 6C, the through holes 31X
are formed in the extensions 31 of the insulation layer 30
exposed in the openings 141X of the etching mask 141. A
conventional resin removing process may be used to form
the through holes 31X. The resin removing process is, for
example, a desmear process using a potassium permangan-
ate solution or a laser drilling using a CO, laser.

[0066] As illustrated in FIG. 7A, a resist layer 151 includ-
ing openings 151X is formed to cover the upper surface
100a of the first metal plate 100. A resist layer 152 is formed
to cover the entire lower surface 1105 of the second metal
plate 110. The material of the resist layers 151 and 152 may
have resistance to plating performed in the next step. For
example, a photosensitive dry film resist (e.g., novolac resin
or acrylic resin) may be used as the resist layers 151 and 152.
The upper surface 100a of the first metal plate 100 and the
lower surface 11056 of the second metal plate 110 are, for
example, laminated with dry films through thermocompres-
sion bonding, and the dry films are patterned through
exposure and development to form the resist layers 151 and
152. When the etching mask 141 and the protective layer
142 used in the etching illustrated in FIGS. 6B and 6C are
not removed, the etching mask 141 and the protective layer
142 may be used as the resist layers 151 and 152.

[0067] As illustrated in FIG. 7A, electrolytic plating is
performed on the structural body 130 with the second metal
plate 110 serving as the plating power feeding layer. Elec-
trolytic plating allows an electrolytic plating film 153 (plat-
ing metal) to gradually deposit and grow on the upper
surfaces 22a of the projections 22 of the second metal plate
110 exposed in the through holes 10X and 31X. In the
present example, the electrolytic plating film 153 is a copper
plating film. Since the extensions 31 of the insulation layer
30 are thin, the electrolytic plating film 153 also deposits and
grows on the wall surfaces of the through holes 10X in the
first metal plate 100. Consequently, as illustrated in FIG. 7B,
the through holes 10X and 31X are filled with the electro-
Iytic plating film 153. The electrolytic plating film 153
connects the projections 22 of the second metal plate 110 to
the first metal plate 100. The electrolytic plating film 153,
which fills the through holes 10X and 31X, is formed as the
connection vias 40 illustrated in FIG. 1A.

[0068] The resist layers 151 and 152 are removed. For
example, an alkaline stripping solution is used to remove the
resist layers 151 and 152.

[0069] In the present embodiment, the connection vias 40
are formed, for example, by a plating metal (electrolytic
plating film 153) and do not include a seed layer. For
example, when a copper clad core in which copper foils are
applied to two opposite surfaces of an insulation layer is
used to manufacture a wiring substrate, in order to form
connection vias in through holes of the insulation layer, a
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seed layer needs to be formed on wall surfaces of the
through holes in the insulation layer. In this regard, in the
manufacturing process of the present embodiment, a seed
layer does not need to be formed. This shortens the manu-
facturing time.

[0070] As illustrated in FIG. 8A, a protective layer 161 is
formed on the lower surface 1105 of the second metal plate
110. The protective layer 161 covers the entire lower surface
1105 of the second metal plate 110. The protective layer 161
is, for example, a resist layer. The material of the resist layer
may have, for example, resistance to etching performed in
the next step. For example, a photosensitive dry film resist
or liquid photoresist is used as the resist layer. The material
of such a resist may be, for example, a novolac resin or an
acrylic resin. For example, when a photosensitive dry film
resist is used, the lower surface 11056 of the second metal
plate 110 is laminated with a dry film through thermocom-
pression bonding, and the dry film is patterned through
exposure and development to form the protective layer 161.
When a liquid photoresist is used, the protective layer 161
also may be formed through the same process.

[0071] The first metal plate 100 is etched from the upper
surface 100a. As illustrated in FIG. 8B, this obtains a
structural body 131 including the first wiring layer 10
embedded in the insulation layer 30. When the first metal
plate 100 is etched from the upper surface 100a as described
above, the first wiring layer 10 embedded in the insulation
layer 30 remains. When a copper plate is used as the first
metal plate 100, a ferric chloride solution or a cupric
chloride solution may be used as the etchant, and a spray
etching machine may be used as the etching machine.
Subsequently, the protective layer 161 is removed. When a
resist layer is used as the protective layer 161, the protective
layer 161 may be removed, for example, by an alkaline
stripping solution.

[0072] As illustrated in FIG. 9A, an etching mask 171
including openings 171X is formed on the lower surface
1105 of the second metal plate 110. The etching mask 171
is formed on positions corresponding to the wiring portions
21 of the second wiring layer 20 illustrated in FIG. 1A. In
the same manner as the etching masks described above, the
material of the etching mask 171 may have resistance to
etching performed in the next step. Additionally, a protective
layer 172 covers the upper surface of the structural body
131, that is, the insulation layer 30 and the first wiring layer
10. In the same manner as the protective layers described
above, the material of the protective layer 172 may have
resistance to etching performed in the next step.

[0073] As illustrated in FIG. 9B, the second metal plate
110 is etched from the openings 171X of the etching mask
171 to form through holes exposing the lower surface 305 of
the insulation layer 30. This forms the wiring portions 21 of
the second wiring layer 20.

[0074] As illustrated in FIG. 9C, the etching mask 171 and
the protective layer 172 (refer to FIG. 9B) are removed.
When resist layers are used as the etching mask 171 and the
protective layer 172, the etching mask 171 and the protective
layer 172 may be removed, for example, by an alkaline
stripping solution.

[0075] Asillustrated in FIG. 10A, the solder resist layer 51
including the openings 51X and the solder resist layer 52
including the openings 52X are formed. Each of the open-
ings 51X of the solder resist layer 51 partially exposes the
upper surface 10a of the first wiring layer 10. Each of the
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openings 52X of the solder resist layer 52 partially exposes
the lower surface 215 of the wiring portion 21 of the second
wiring layer 20. The solder resist layer 51 is obtained, for
example, by laminating with a photosensitive resin film or
applying a resin liquid or paste and exposing and developing
the resin through photolithography to be patterned into a
desired shape. In the same manner, the solder resist layer 52
is obtained, for example, by laminating a photosensitive
resin film or applying a resin liquid or paste and exposing
and developing the resin through photolithography to be
patterned into a desired shape.

[0076] As illustrated in FIG. 10B, the surface-processed
layer 61 is formed on the upper surface 10a of the first
wiring layer 10 exposed in the openings 51X of the solder
resist layer 51. For example, when the surface-processed
layer 61 is an Ni layer/Au layer, an Ni layer is formed on the
upper surface 10a of the first wiring layer 10, and an Au
layer is formed on the Ni layer to form the surface-processed
layer 61. The Ni layer and the Au layer may be formed, for
example, through electroless plating.

[0077] Also, the surface-processed layer 62 is formed on
the lower surfaces 215 of the wiring portions 21 of the
second wiring layer 20 exposed in the openings 52X of the
solder resist layer 52. For example, when the surface-
processed layer 62 is an Ni layer/Au layer, an Ni layer is
formed on the lower surfaces 215 of the wiring portions 21,
and an Au layer is formed on the Ni layer to form the
surface-processed layer 62. The Ni layer and the Au layer
may be formed, for example, through electroless plating.

[0078] The first embodiment has the advantages described
below.
[0079] (1-1) The wiring substrate 1 includes the first

wiring layer 10 embedded in the insulation layer 30 at the
side of the upper surface 30a of the insulation layer 30. The
first wiring layer 10 is more resistant to separation from the
insulation layer 30 than a wiring layer that is formed on the
upper surface of an insulation layer without being embedded
in the insulation layer. This improves the reliability of the
wiring substrate 1.

[0080] (1-2) The wiring substrate 1 includes the second
wiring layer 20 located at the side of the lower surface 306
of the insulation layer 30. The second wiring layer 20
includes the wiring portions 21, which are located at lower
positions than the lower surface 305 of the insulation layer
30, and the projections 22, which are embedded in the
insulation layer 30. The second wiring layer 20 is more
resistant to separation from the insulation layer 30 than a
wiring layer that is formed on the lower surface of an
insulation layer without being embedded in the insulation
layer. This improves the reliability of the wiring substrate 1.
Additionally, the embedment of the projections 22 in the
insulation layer 30 allows formation of wiring on the lower
surface 305 of the insulation layer 30 using the second
wiring layer 20.

[0081] (1-3) The first wiring layer 10 and the second
wiring layer 20 are connected by the connection vias 40. The
connection vias 40 are formed in the through holes 10X of
the first wiring layer 10 and the through holes 31X of the
extensions 31. The extensions 31 are located between the
first wiring layer 10 and the projections 22 of the second
wiring layer 20. The first wiring layer 10 and the projections
22 of the second wiring layer 20 adhere to each other with
the extensions 31. This limits separation of the wiring
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portions 21 and the projections 22 from the insulation layer
30 and improves the reliability of the wiring substrate 1.
[0082] (1-4) In the manufacturing process of the wiring
substrate 1, the thickness of the first metal plate 100 is equal
to the thickness of each wiring portion 21 formed in the
second metal plate 110. Thus, in the structural body 130
(refer to FIG. 5B) in which the mold sheet 120 is sandwiched
between the first metal plate 100 and the second metal plate
110, the thickness of the first metal plate 100 formed on the
upper surface of the mold sheet 120 is equal to the thickness
of the second metal plate 110 formed on the lower surface
of the mold sheet 120. This limits bending of the structural
body 130.

Second Embodiment

[0083] A wiring substrate 201 according to a second
embodiment will now be described. In the second embodi-
ment, the same reference characters are given to those
elements that are the same as the corresponding elements of
the first embodiment. Such elements may not be described
in detail.

[0084] As illustrated in FIG. 11A, the wiring substrate 201
includes a first wiring layer 210, the second wiring layer 20,
the insulation layer 30, the connection vias 40, the solder
resist layers 51 and 52, and the surface-processed layers 61
and 62.

[0085] The insulation layer 30 is thin plate-shaped. The
material of the insulation layer 30 may be, for example, a
thermosetting resin. The thermosetting resin may be, for
example, an epoxy resin, a polyimide resin, or a cyanate
resin.

[0086] The first wiring layer 210 is located at the side of
the upper surface 30a of the insulation layer 30. The first
wiring layer 210 is embedded in the insulation layer 30. The
first wiring layer 210 has an upper surface 210a exposed
from the insulation layer 30. In the second embodiment, the
upper surface 210a of the first wiring layer 210 and the
upper surface 30a of the insulation layer 30 are located at the
same height (i.e., same level).

[0087] As illustrated in FIG. 21, the first wiring layer 210
includes pad portions 211 and wiring portions 212. The pad
portions 211 are each circular in a plan view. The wiring
portions 212 are connected to the pad portions 211. The
width of each wiring portion 212 may be set to, for example,
30 pm.

[0088] As illustrated in FIG. 11B, each of the pad portions
211 has a side surface 211c¢ extending in the vertical direc-
tion. In the same manner, each of the wiring portions 212 has
a side surface 212¢ extending in the vertical direction. Each
of the side surfaces 211¢ and 212c¢ is, for example, orthogo-
nal to the upper surface 30a of the insulation layer 30. Each
of the pad portions 211 has a lower surface 2115. The side
surfaces 211¢ and the lower surfaces 2115 of the pad
portions 211 are in contact with the insulation layer 30. In
the same manner, each of the wiring portions 212 has a
lower surface 21254, and the side surfaces 212¢ and the lower
surfaces 21256 of the wiring portions 212 are in contact with
the insulation layer 30.

[0089] As illustrated in FIG. 11A, the second wiring layer
20 is located at the side of the lower surface 305 of the
insulation layer 30. The second wiring layer 20 includes the
wiring portions 21 (terminal portions), which are located at
lower positions than the lower surface 305 of the insulation
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layer 30, and the projections 22 (embedded portions), which
are embedded in the insulation layer 30.

[0090] As illustrated in FIG. 11B, the projection 22 has the
side surface 225 that flares sideward from the upper surface
22a of the projection 22 toward the wiring portion 21. Thus,
the cross section of the projection 22 in a plan view enlarges
from the upper surface 22a of the projection 22 toward the
wiring portion 21. Further, the side surface 2256 of the
projection 22 is curved along the insulation layer 30 and
concave toward an inner side of the projection 22 from the
upper surface 22a of the projection 22 to the wiring portion
21. The side surface 225 and the upper surface 22a of the
projection 22 are in contact with the insulation layer 30.

[0091] The upper surface 22a of the projection 22 of the
second wiring layer 20 faces the lower surface 2115 of the
pad portion 211 of the first wiring layer 210. The extension
31 of the insulation layer 30 is located in the gap between the
upper surface 22a of the projection 22 and the lower surface
2115 of the first wiring layer 210. The extension 31 fills the
gap between the upper surface 22a of the projection 22 and
the lower surface 2115 of the first wiring layer 210. The
extension 31 is formed by a portion of the insulation layer
30. The lower surface 2115 of the first wiring layer 210 is
spaced apart from the upper surface 22a of each projection
22 and thus does not contact the upper surface 22a.

[0092] The pad portions 211 of the first wiring layer 210
include through holes 211X extending through the pad
portions 211 (i.e., first wiring layer 210) in the vertical
direction in desired positions.

[0093] The through holes 31X extend through the exten-
sions 31 of the insulation layer 30 in the vertical direction.
Each of the through holes 31X is located at the same position
as the corresponding through hole 211X of the first wiring
layer 210 in a plan view. The connection vias 40 are located
in the through holes 211X of the first wiring layer 210 (pad
portions 211) and the through holes 31X of the insulation
layer 30 (extensions 31). Each of the connection vias 40
includes the via portion 41 (connection portion) located in
the through hole 31X of the extension 31 of the insulation
layer 30 and the via portion 42 (through portion) located in
the through hole 211X of the pad portion 211 of the first
wiring layer 210. The two via portions 41 and 42 are formed
integrally with each other.

[0094] The lower surface of the connection via 40 (via
portion 41) is connected to the upper surface 22a of the
projection 22 of the second wiring layer 20. The circumfer-
ential surface of the via portion 41 is in contact with the wall
surface of the through hole 31X of the insulation layer 30
(extension 31). The circumferential surface of the via por-
tion 42 is connected to the wall surface of the through hole
211X of the pad portion 211 of the first wiring layer 210. The
material of the connection via 40 may be, for example,
copper (Cu) or a copper alloy. The connection vias 40
connect the first wiring layer 210 and the second wiring
layer 20 to each other.

[0095] As illustrated in FIG. 11 A, the solder resist layer 51
is formed on the upper surface 30a of the insulation layer 30
to partially cover the first wiring layer 210. The solder resist
layer 51 includes the openings 51X partially exposing the
upper surface 210a of the first wiring layer 210.

[0096] The solder resist layer 52 is formed on the lower
surface 304 of the insulation layer 30 to partially cover the
second wiring layer 20. The solder resist layer 52 includes
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the openings 52X partially exposing the lower surface 205
of the second wiring layer 20.

[0097] For example, a photosensitive dry film resist or
liquid photoresist is used as the solder resist layer 51. The
material of such a resist may be, for example, a novolac resin
or an acrylic resin. For example, when a photosensitive dry
film resist is used, the insulation layer 30 and the first wiring
layer 210 are laminated with a dry film through thermocom-
pression bonding, and the dry film is patterned through
photolithography to form the solder resist layer 51 including
the openings 51X. When a liquid photoresist is used, the
solder resist layer 51 also may be formed through the same
process.

[0098] The material of the solder resist layer 52 may be,
for example, the same as the material of the solder resist
layer 51, that is, a photosensitive dry film resist or a liquid
photoresist (e.g., novolac resin or acrylic resin). For
example, when a photosensitive dry film resist is used, the
insulation layer 30 and the second wiring layer 20 are
laminated with a dry film through thermocompression bond-
ing, and the dry film is patterned through photolithography
to form the solder resist layer 52 including the openings
52X. When a liquid photoresist is used, the solder resist
layer 52 also may be formed through the same process.
Alternatively, different materials may be used as the solder
resist layers 51 and 52.

[0099] The surface-processed layer 61 is formed on the
upper surface 210q of the first wiring layer 210 exposed in
the openings 51X of the solder resist layer 51. The upper
surface of the surface-processed layer 61 function as the
external connection terminals P1 configured to be connected
to an electronic component such as a semiconductor chip.

[0100] The surface-processed layer 61 may be, for
example, a gold (Au) layer, a nickel (Ni) layer/Au layer
(metal layer in which Au layer is formed on Ni layer serving
as bottom layer), or an Ni layer/palladium (Pd) layer/Au
layer (metal layer in which Ni layer serves as bottom layer
and Ni layer, Pd layer, and Au layer are sequentially
stacked). The surface-processed layer 61 may be formed by
performing an anti-oxidation process such as an organic
solderability preservative (OSP) process. For example,
when an OSP process is performed, the surface-processed
layer 61 is formed by an organic coating of, for example, an
azole compound or an imidazole compound.

[0101] The surface-processed layer 62 is formed on the
lower surfaces 215 of the wiring portions 21 of the second
wiring layer 20 exposed in the openings 52X of the solder
resist layer 52. The lower surface of the surface-processed
layer 62 functions as the external connection terminals P2
used to mount the wiring substrate 201 on another circuit
board or the like.

[0102] The surface-processed layer 62 may be, for
example, a gold (Au) layer, a nickel (Ni) layer/Au layer
(metal layer in which Au layer is formed on Ni layer serving
as bottom layer), or an Ni layer/palladium (Pd) layer/Au
layer (metal layer in which Ni layer serves as bottom layer
and Ni layer, Pd layer, and Au layer are sequentially
stacked). The surface-processed layer 62 may be formed by
performing an anti-oxidation process such as an OSP pro-
cess. For example, when an OSP process is performed, the
surface-processed layer 62 is formed by an organic coating
of, for example, an azole compound or an imidazole com-
pound.
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[0103] Wiring Substrate Manufacturing Method

[0104] A method for manufacturing the wiring substrate
201 will now be described.

[0105] As illustrated in FIG. 12A, a support body 301 has
an upper surface 301a and a lower surface 3015. Carrier-
added metal foils 302 are formed on the upper surface 301a
and the lower surface 3015 to function as support plates. The
support body 301 may be, for example, a semi-cured resin
layer. The semi-cured resin layer may be, for example, a
thermosetting epoxy resin or a thermosetting polyolefin
resin but is not limited to these resins. Alternatively, a
semi-cured resin layer containing an inorganic filler such as
silica particles may be used as the support body 301. The
inorganic filler may be alumina particles or silicon carbide
particles. Further, multiple kinds of particles may be used.
The material of the support body 301 may be a resin other
than those described above.

[0106] Each of the carrier-added metal foils 302 includes
a carrier plate 303 and an ultrathin metal foil 304, which is
formed on one surface of the carrier plate 303 with a
delamination layer (not illustrated) located in between. The
thickness of the carrier plate 303 is, for example, 35 um. The
material of the carrier plate 303 may be, for example, copper
or a copper alloy. The thickness of the metal foil 304 is, for
example, 5 um. The material of the metal foil 304 may be,
for example, copper or a copper alloy.

[0107] The two carrier-added metal foils 302 are located
on two opposite surfaces of the support body 301 so that
each of the carrier plates 303 faces the support body 301.
The two carrier-added metal foils 302 are, for example,
pressed toward the support body 301 at a given pressure in
a vacuum atmosphere. The support body 301 is heated and
cured at a given temperature (for example, 190° C. to 230°
C)

[0108] As illustrated in FIG. 12B, a resist layer 305
including openings 305X is formed on the upper surface of
the metal foil 304 of the carrier-added metal foil 302 located
at the upper side of the support body 301. In the same
manner, a resist layer 305 including openings 305X is
formed on the lower surface of the metal foil 304 of the
carrier-added metal foil 302 located at the lower side of the
support body 301. The material of the resist layers 305 may
have, for example, resistance to plating performed in the
next step. For example, a photosensitive dry film resist (e.g.,
novolac resin or acrylic resin) may be used as the resist
layers 305. The surface of each metal foil 304 is, for
example, laminated with a dry film through thermocompres-
sion bonding, and the dry film is patterned through photo-
lithography to form the resist layer 305. Alternatively, a
liquid photoresist (e.g., novolac resin or acrylic resin) may
be used to form the resist layer 305.

[0109] As illustrated in FIG. 13A, electrolytic plating is
performed on the upper surface of the metal foil 304 of the
carrier-added metal foil 302 that is located at the upper side
of the support body 301 to form the first wiring layer 210.
In the same manner, electrolytic plating is performed on the
lower surface of the metal foil 304 of the carrier-added metal
foil 302 that is located at the lower side of the support body
301 to form the first wiring layer 210. In the present
example, electrolytic copper plating is performed on each of
the carrier-added metal foils 302 in which the resist layer
305 serves as the plating mask and the metal foil 304 serves
as the power feeding layer. This forms the first wiring layers
210 on the surfaces of the metal foils 304 exposed in the
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openings 305X of the resist layers 305. Subsequently, as
illustrated in FIG. 13B, the resist layers 305 are removed, for
example, through asking or using an alkaline stripping
solution.

[0110] As illustrated in FIG. 14, a mold sheet 120 and a
metal plate 110 are arranged above the first wiring layer 210
that is located at the upper side of the support body 301. In
the same manner, a mold sheet 120 and a metal plate 110 are
arranged below the first wiring layer 210 that is located at
the lower side of the support body 301. The mold sheets 120
may be semi-cured thermosetting resin layers. The material
of the semi-cured resin layers may be, for example, a
thermosetting epoxy resin or a thermosetting polyolefin
resin but is not limited to these resins. Alternatively, semi-
cured resin layers containing an inorganic filler such as silica
particles may be used as the mold sheets 120. The inorganic
filler may be alumina particles or silicon carbide particles.
Further, multiple kinds of particles may be used. The mate-
rial of the mold sheets 120 may be a resin other than those
described above. Each of the metal plates 110 includes the
projections 22, which are formed by etching the metal plate
110 through the same steps as in FIGS. 4A to 4D. The metal
plate 110 further includes a portion in which the wiring
portions 21 are formed in a subsequent step (FIG. 19B). The
material of the metal plates 110 may be, for example, copper
or a copper alloy.

[0111] As illustrated in FIG. 15A, for example, the metal
plates 110 are pressed toward the support body 301 in a
vacuum atmosphere. The mold sheets 120 are heated and
cured at a given temperature (for example, 190° C. to 230°
C.) to form the insulation layers 30. This step obtains a
structural body 310. In the structural body 310, a set of the
carrier-added metal foil 302, the first wiring layer 210, the
insulation layer 30, and the metal plate 110 is stacked at the
upper side of the support body 301, and another set of the
carrier-added metal foil 302, the first wiring layer 210, the
insulation layer 30, and the metal plate 110 is stacked at the
lower side of the support body 301.

[0112] In each carrier-added metal foil 302, the metal foil
304 is separated from the carrier plate 303 by the delami-
nation layer (not illustrated) located between the metal foil
304 and the carrier plate 303. This obtains two structural
bodies 311 as illustrated in FIG. 15B.

[0113] As illustrated in FIG. 16A, an etching mask 321
including openings 321X is formed on an upper surface
304a of the metal foil 304 of the structural body 311. The
openings 321X of the etching mask 321 are formed in
positions corresponding to the through holes 211X of the
first wiring layer 210 illustrated in FIG. 11A. In the same
manner as the etching masks described above, for example,
a resist layer may be used as the etching mask 321.

[0114] A protective layer 322 is formed on the lower
surface 1105 of the metal plate 110. The protective layer 322
covers the entire lower surface 1105 of the metal plate 110.
The material of the protective layer 322 may be, for
example, the same as the material of the etching mask 321.
Alternatively, different materials may be used as the etching
mask 321 and the protective layer 322.

[0115] As illustrated in FIG. 16B, the metal foil 304 and
the pad portions 211 (first wiring layer 210) are etched from
the openings 321X of the etching mask 321 to form the
through holes 211X extending through the metal foil 304
and the pad portions 211. In the same manner as the etching
described above, in the etching forming the through holes
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211X, a ferric chloride solution or a cupric chloride solution
may be used as the etchant. A spray etching machine may be
used as the etching machine.

[0116] As illustrated in FIG. 16C, the through holes 31X
are formed in the extensions 31 of the insulation layer 30
exposed in the openings 321X of the etching mask 321. A
conventional resin removing process may be used to form
the through holes 31X. The resin removing process is, for
example, a desmear process using a potassium permangan-
ate solution or a laser drilling using a CO, laser.

[0117] As illustrated in FIG. 17A, a resist layer 331
including openings 331X is formed to cover the upper
surface of the metal foil 304. Also, a resist layer 332 is
formed to cover the entire lower surface 1105 of the metal
plate 110. The material of the resist layers 331 and 332 may
have, for example, resistance to plating performed in the
next step. For example, a photosensitive dry film resist (e.g.,
novolac resin or acrylic resin) may be used as the resist
layers 331 and 332. The upper surface of the metal foil 304
and the lower surface 1105 of the metal plate 110 are, for
example, laminated with dry films through thermocompres-
sion bonding, and the dry films are patterned through
photolithography to form the resist layers 331 and 332.
When the etching mask 321 and the protective layer 322
used in the etching illustrated in FIGS. 16B and 16C are not
removed, the etching mask 321 and the protective layer 322
may be used as the resist layers 331 and 332.

[0118] As illustrated in FIG. 17A, electrolytic plating is
performed on the structural body 311 with the metal plate
110 serving as the plating power feeding layer. Electrolytic
plating allows the electrolytic plating film 153 (plating
metal) to gradually deposit and grow on the upper surfaces
22a of the projections 22 of the metal plate 110 exposed in
the through holes 31X and 211X. In the present example, the
electrolytic plating film 153 is a copper plating film. Since
the extensions 31 of the insulation layer 30 are thin, the
electrolytic plating film 153 also deposits and grows on the
wall surfaces of the through holes 211X extending through
the pad portions 211 and the metal foil 304. Consequently,
as illustrated in FIG. 17B, the through holes 31X and 211X
are filled with the electrolytic plating film 153. The electro-
Iytic plating film 153 connects the projections 22 of the
metal plate 110, the pad portions 211, and the metal foil 304.
The electrolytic plating film 153, which fills the through
holes 31X and 211X, is formed as the connection vias 40
illustrated in FIG. 11A.

[0119] The resist layers 331 and 332 are removed. For
example, an alkaline stripping solution is used to remove the
resist layers 331 and 332.

[0120] In the second embodiment, the connection vias 40
are formed, for example, by a plating metal (electrolytic
plating film 153) and do not include a seed layer. For
example, when a copper clad core in which copper foils are
applied to two opposite surfaces of an insulation layer is
used to manufacture a wiring substrate, in order to form
connection vias in through holes of the insulation layer, a
seed layer needs to be formed on wall surfaces of the
through holes in the insulation layer. In this regard, in the
manufacturing process of the second embodiment, a seed
layer does not need to be formed. This shortens the manu-
facturing time.

[0121] As illustrated in FIG. 18A, a protective layer 341 is
formed on the lower surface 1105 of the metal plate 110. The
protective layer 341 covers the entire lower surface 11056 of
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the metal plate 110. The protective layer 341 is, for example,
a resist layer. The material of the resist layer may have, for
example, resistance to etching performed in the next step.
For example, a photosensitive dry film resist or liquid
photoresist is used as the resist layer. The material of such
a resist layer may be, for example, a novolac resin or an
acrylic resin. For example, when a photosensitive dry film
resist is used, the lower surface 1105 of the metal plate 110
is laminated with a dry film through thermocompression
bonding, and the dry film is patterned through exposure and
development to form the protective layer 341. When a liquid
photoresist is used, the protective layer 341 also may be
formed through the same process.

[0122] Then, the metal foil 304 is etched. This obtains a
structural body 312 including a wiring layer 210 embedded
in the insulation layer 30 as illustrated in FIG. 18B. When
a copper foil is used as the metal foil 304, a ferric chloride
solution or a cupric chloride solution may be used as the
etchant, and a spray etching machine may be used as the
etching machine. Subsequently, the protective layer 341 is
removed. When a resist layer is used as the protective layer
341, the protective layer 341 may be removed, for example,
by an alkaline stripping solution.

[0123] As illustrated in FIG. 19A, an etching mask 351
including openings 351X is formed on the lower surface
1105 of the metal plate 110. The etching mask 351 is formed
on positions corresponding to the wiring portions 21 of the
second wiring layer 20, illustrated in FIG. 11A. In the same
manner as the etching masks described above, the material
of the etching mask 351 may have, for example, resistance
to etching performed in the next step. A protective layer 352
covers the upper surface of the structural body 312, that is,
the insulation layer 30 and the first wiring layer 210. In the
same manner as the protective layers described above, the
material of the protective layer 352 may have resistance to
etching performed in the next step.

[0124] As illustrated in FIG. 19B, the metal plate 110 is
etched from the openings 351X in the etching mask 351 to
form through holes exposing the lower surface 305 of the
insulation layer 30. This forms the wiring portions 21 of the
second wiring layer 20.

[0125] As illustrated in FIG. 19C, the etching mask 351
and the protective layer 352 (refer to FIG. 19B) are removed.
When resist layers are used as the etching mask 351 and the
protective layer 352, the etching mask 351 and the protective
layer 352 may be removed, for example, by an alkaline
stripping solution.

[0126] As illustrated in FIG. 20A, the solder resist layer 51
including the openings 51X and the solder resist layer 52
including the openings 52X are formed. Each of the open-
ings 51X in the solder resist layer 51 partially exposes the
upper surface 210a of the first wiring layer 210. Each of the
openings 52X in the solder resist layer 52 partially exposes
the lower surface 215 of the wiring portion 21 of the second
wiring layer 20. The solder resist layer 51 is obtained, for
example, by laminating with a photosensitive resin film or
applying a resin liquid or paste and exposing and developing
the resin through photolithography to be patterned into a
desired shape. In the same manner, the solder resist layer 52
is obtained, for example, by laminating a photosensitive
resin film or applying a resin liquid or paste and exposing
and developing the resin through photolithography to be
patterned into a desired shape.
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[0127] As illustrated in FIG. 20B, the surface-processed
layer 61 is formed on the upper surface 210a of the first
wiring layer 210 exposed in the openings 51X of the solder
resist layer 51. For example, when the surface-processed
layer 61 is an Ni layer/Au layer, an Ni layer is formed on the
upper surface 210a of the first wiring layer 210, and an Au
layer is formed on the Ni layer to form the surface-processed
layer 61. The Ni layer and the Au layer may be formed, for
example, through electroless plating.

[0128] Also, the surface-processed layer 62 is formed on
the lower surfaces 215 of the wiring portions 21 of the
second wiring layer 20 exposed in the openings 52X of the
solder resist layer 52. For example, when the surface-
processed layer 62 is an Ni layer/Au layer, an Ni layer is
formed on the lower surfaces 215 of the wiring portions 21,
and an Au layer is formed on the Ni layer to form the
surface-processed layer 62. The Ni layer and the Au layer
may be formed, for example, through electroless plating.
[0129] The second embodiment has the advantages
described below in addition to (1-1) to (1-3) of the first
embodiment.

[0130] (2-1) The first wiring layer 210 is formed through
electrolytic plating in which the metal foil 304 serves as the
power feeding layer. The wiring portions 212 of the first
wiring layer 210 are finer than those of a wiring layer formed
by etching a metal plate. Thus, the wiring substrate 201 has
a high wiring density.

[0131] (2-2) The carrier-added metal foils 302 are applied
to two opposite surfaces of the support body 301. The two
structural bodies 311 (refer to FIG. 15B) are formed using
the metal foils 304 of the carrier-added metal foils 302. In
the manufacturing process to obtain the structural bodies
311, bending is limited.

[0132] It should be apparent to those skilled in the art that
the foregoing embodiments may be implemented in many
other specific forms without departing from the scope of this
disclosure. Particularly, it should be understood that the
foregoing embodiments may be implemented in the follow-
ing forms.

[0133] In the above embodiments, the surface-processed
layer 61 is formed on the upper surfaces 10a and 210a of the
first wiring layers 10 and 210. However, the surface-pro-
cessed layer 61 may be omitted. In this case, the upper
surfaces 10a and 210a of the first wiring layers 10 and 210
function as the external connection terminals P1, and an
electronic component such as a semiconductor chip or
another wiring substrate may be mounted on the external
connection terminals P1.

[0134] In the above embodiments, the surface-processed
layer 62 is formed on the lower surfaces 215 of the wiring
portions 21 of the second wiring layer 20. However, the
surface-processed layer 62 may be omitted. In this case, the
lower surfaces 215 of the wiring portions 21 of the second
wiring layer 20 function as the external connection terminals
P2, and a circuit board such as a motherboard may be
mounted on the external connection terminals P2 with
bumps of, for example, solder.

[0135] In the above embodiments, the surface of the
surface-processed layer 62 formed on the lower surfaces 215
of the wiring portions 21 of the second wiring layer 20 are
used as the external connection terminals P2. Instead, the
wiring portions 21 of the second wiring layer 20 may be
used as bumps on which, for example, a circuit board is
mounted.
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[0136] FIGS. 22A to 22C illustrate one example of a
process for forming wiring portions 25 in the second wiring
layer 20 as bumps.

[0137] As illustrated in FIG. 22A, a resist layer 361 is
formed on desired positions of the lower surface 1105 of the
metal plate 110. The resist layer 361 corresponds to posi-
tions where bumps are to be formed.

[0138] As illustrated in FIG. 22B, the metal plate 110
(refer to FIG. 22A) is etched to form the wiring portions 25
(terminal portions) in the second wiring layer 20 at lower
positions than the lower surface 305 of the insulation layer
30. In the same manner as the projections 22 (embedded
portions), each of the wiring portions 25 has a lower surface
25b and a curved side surface 25¢. The curved side surface
25¢ flares sideward from the lower surface 256 toward the
lower surface 305 of the insulation layer 30. Thus, the cross
section of the wiring portion 25 in a plan view enlarges from
the lower surface 255 of the wiring portion 25 toward the
lower surface 305 of the insulation layer 30. Further, the
curved side surface 25¢ of the wiring portion 25 is concave
toward an inner side of the wiring portion 25 from the lower
surface 254 of the wiring portion 25 to the lower surface 306
of the insulation layer 30. Subsequently, as illustrated in
FIG. 22C, the resist layer 361 (refer to FIG. 22B) is
removed. The wiring portions 25 formed in this manner may
be used as bumps.

[0139] In the above embodiments, a pad (die pad) on
which a semiconductor chip is mounted may be formed.
[0140] As illustrated in FIG. 23A, a wiring substrate 401
includes a first wiring layer 410 and a second wiring layer
420. The first wiring layer 410 includes a pad portion 411.
The second wiring layer 420 includes a pad portion 421. The
solder resist layer 51 partially covers the upper surface of the
insulation layer 30 and the first wiring layer 410 and
includes the openings 51X exposing the upper portion of the
pad portion 411. The solder resist layer 52 partially covers
the lower surface of the insulation layer 30 and the second
wiring layer 420 and includes the openings 52X partially
exposing the lower surface of the pad portion 421.

[0141] As illustrated in FIG. 23B, a semiconductor chip
481 is face-up-mounted on the pad portion 411. The semi-
conductor chip 481 is mounted on the pad portion 411 by an
adhesion layer (not illustrated) applied between a lower
surface 4815 of the semiconductor chip 481 and an upper
surface 4114a of the pad portion 411. The semiconductor chip
481 has an upper surface 4814 including electrode terminals
(not illustrated) connected by metal wires 482 to an upper
surface 410a of the first wiring layer 410 exposed in the
openings 51X of the solder resist layer 51. In the same
manner as in the wiring substrate 1 of the first embodiment,
a surface-processed layer (not illustrated) is formed on the
upper surface 410a of the first wiring layer 410. The
adhesion layer may be, for example, a die-bonding material
(die-attaching material) such as an epoxy resin, or a silver
paste in which a silver filler is dispersed in an insulative
resin such as an epoxy resin. The metal wires 482 may be,
for example, a gold (Au) wire, an aluminum (Al) wire, or a
copper (Cu) wire. A resin layer (e.g., epoxy resin layer) may
be formed to cover the semiconductor chip 481 and the
metal wires 482.

[0142] As described above, when the pad portion 411 is
formed in the first wiring layer 410 as a die pad, the wiring
substrate 401 may be used as a module board on which the
semiconductor chip 481 is mounted. Additionally, when the
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pad portion 421 is formed in the second wiring layer 420 and
the semiconductor chip 481 is mounted on the pad portion
411 of the first wiring layer 410, the pad portion 421
efficiently dissipates heat from the semiconductor chip 481
to the exterior. Further, a heat dissipation member may be
directly connected to the pad portion 421 of the second
wiring layer 420.

[0143] FIG. 24A illustrates a wiring substrate 501 includ-
ing a first wiring layer 510 and a second wiring layer 520.
The first wiring layer 510 includes a pad portion 511. The
second wiring layer 520 includes a pad portion 521. The
second wiring layer 520 includes wiring portions 522
located at lower positions than the lower surface 305 of the
insulation layer 30. The wiring portions 522 may be used as
bumps. As illustrated in FI1G. 24B, a semiconductor chip 581
is face-up-mounted on the pad portion 511 of the first wiring
layer 510. The semiconductor chip 581 is mounted on the
pad portion 511 by an adhesion layer (not illustrated) applied
between a lower surface 5815 of the semiconductor chip 581
and an upper surface 511a of the pad portion 511. The
semiconductor chip 581 has an upper surface 581a including
electrode terminals (not illustrated) connected by metal
wires 582 to an upper surface 510a of the first wiring layer
510. A surface-processed layer (not illustrated) is formed on
the upper surface 510a of the first wiring layer 510 in the
same manner as in the wiring substrate 1 of the first
embodiment. The adhesion layer may be, for example, a
die-bonding material (die-attaching material) such as an
epoxy resin, or a silver paste in which a silver filler is
dispersed in an insulative resin such as an epoxy resin. The
metal wires 582 may be, for example, a gold (Au) wire, an
aluminum (Al) wire, or a copper (Cu) wire. A resin layer
(e.g., epoxy resin layer) may be formed to cover the semi-
conductor chip 581 and the metal wires 582.

[0144] As described above, when the pad portion 511 is
formed in the first wiring layer 510 as a die pad, the wiring
substrate 501 may be used as a module board on which the
semiconductor chip 581 is mounted. Additionally, when the
pad portion 521 is formed in the second wiring layer 520 and
the semiconductor chip 581 is mounted on the pad portion
511 of the first wiring layer 510, the pad portion 521
efficiently dissipates heat from the semiconductor chip 581
to the exterior. Further, a heat dissipation member may be
directly connected to the pad portion 521 of the second
wiring layer 520.

[0145] The shape of components of the above embodi-
ments may be changed.

[0146] As illustrated in FIG. 25A, surfaces contacting the
insulation layer 30 may be rough. In the example illustrated
in FIG. 25A, the lower surface 105 and the side surfaces 10¢
of the first wiring layer 10 are rough, and the side surface
22b and the upper surface 224 of the projection 22 (embed-
ded portion) of the second wiring layer 20 are rough. Such
rough surfaces increase the adhesiveness between the insu-
lation layer 30 and the wiring layers 10 and 20. The
roughening process forming rough surfaces may be, for
example, blackening, etching, a process using a laser, or
blasting. One of the first wiring layer 10 and the second
wiring layer 20 may include rough surfaces.

[0147] As illustrated in FIG. 25B, the through hole 31X of
the extension 31 of the insulation layer 30 may have a larger
diameter than the through hole 10X of the first wiring layer
10. For example, after the through hole 10X of the first
wiring layer 10 is formed, the time of the resin removing
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process for forming the through hole 31X may be adjusted
to form the through hole 31X having a larger diameter than
the through hole 10X. When the through holes 10X and 31X
are formed as described above, while the extension 31 of the
insulation layer 30 is formed between the first wiring layer
10 and the projection 22 of the second wiring layer 20, the
area where the connection via 40 is connected to the first
wiring layer 10 and the area where the connection via 40 is
connected to the second wiring layer 20 are increased.

[0148] As illustrated in FIG. 25C, the upper surface 30a of
the insulation layer 30 may be located at a higher position
than the upper surface 10a of the first wiring layer 10. Such
a structure includes a recess that allows for easy mounting,
for example, when a semiconductor chip is face-down-
mounted on a die pad of the first wiring layer 10.

[0149] As illustrated in FIG. 25D, the connection via 40
may have an upper surface 40a located at a lower position
than the upper surface 10a of the first wiring layer 10. Even
this structure ensures the connection between the connection
via 40 and the first wiring layer 10, that is, the connection
needed between the first wiring layer 10 and the second
wiring layer 20. As the upper surface 40a of the connection
via 40 is lower than the upper surface 10q of the first wiring
layer 10, the time needed to form the connection via 40, that
is, the time to perform electrolytic plating, is shortened.
Thus, the manufacturing time is shortened.

[0150] In the above embodiments, for example, in the step
illustrated in FIG. 6B, the first metal plate 100 is etched to
form the through holes 10X. Instead, laser drilling may be
performed to form the through holes 10X. In this case, the
through holes 31X may be also formed in the insulation
layer 30 through laser drilling. Laser drilling may be per-
formed, for example, with a CO, laser. Subsequent to the
laser drilling, a desmear process may be performed to
remove residues from the through holes 10X and 31X as
necessary.

[0151] In the second embodiment, the carrier-added metal
foils 302 are formed on two opposite surfaces of the support
body 301. The metal foils 304 of the carrier-added metal
foils 302 are used to manufacture the two structural bodies
311 including the first wiring layers 210 (refer to FIG. 15B).
Each of the structural bodies 311 forms the wiring substrate
201 (refer to FIG. 11A). Instead, the carrier-added metal foil
302 may be formed on one surface (upper or lower surface)
of the support body 301, and the metal foil 304 of the
carrier-added metal foil 302 may be used to form the wiring
substrate 201.

CLAUSES

[0152] This disclosure further encompasses embodiments
describes below.

[0153] 1. A method for manufacturing a wiring substrate,
the method including:

[0154] etching a first metal plate including a first surface
and an opposite second surface from the first surface to form
a first wiring layer in the first metal plate;

[0155] etching a second metal plate including a first sur-
face and an opposite second surface from the first surface of
the second metal plate to form a projection in the second
metal plate;

[0156] arranging a semi-cured resin layer between the first
metal plate and the second metal plate so that the first wiring
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layer faces an upper surface of the semi-cured resin layer
and so that the projection faces a lower surface of the
semi-cured resin layer;

[0157] forming an insulation layer in which the first wiring
layer and the projection are embedded by pressing the first
metal plate and the second metal plate toward the semi-
cured resin layer and curing the semi-cured resin layer;
[0158] forming a through hole that extends through the
first metal plate and the insulation layer and partially
exposes an upper surface of the projection;

[0159] forming a connection via connecting the first metal
plate and the second metal plate by forming a plating metal
in the through hole through electrolytic plating;

[0160] etching the first metal plate from the second surface
of'the first metal plate so that the first wiring layer embedded
in the insulation layer remains; and

[0161] patterning the second metal plate from the second
surface of the second metal plate to form a wiring portion
located at a lower position than a lower surface of the
insulation layer.

[0162] 2. A method for manufacturing a wiring substrate,
the method including:

[0163] preparing a support plate, wherein the support plate
includes a carrier plate and a metal foil laminated on a lower
surface of the carrier plate with a delamination layer located
in between;

[0164] forming a first wiring layer on a lower surface of
the metal foil of the support plate through electrolytic
plating;

[0165] etching a metal plate to form a projection in the
metal plate;
[0166] arranging a semi-cured resin layer between the

support plate and the metal plate so that the first wiring layer
faces an upper surface of the semi-cured resin layer and so
that the projection faces a lower surface of the semi-cured
resin layer;

[0167] forming an insulation layer in which the first wiring
layer and the projection are embedded by pressing the
support plate and the metal plate toward the semi-cured resin
layer and curing the semi-cured resin layer;

[0168] separating the carrier plate from the metal foil;
[0169] forming a through hole that extends through the
metal foil, the first wiring layer, and the insulation layer and
partially exposes an upper surface of the projection;
[0170] forming a connection via connecting the first wir-
ing layer and the metal plate by forming a plating metal in
the through hole through electrolytic plating;

[0171] removing the metal foil; and

[0172] patterning the metal plate to form a wiring portion
located at a lower position than a lower surface of the
insulation layer.

[0173] All examples and conditional language recited
herein are intended for pedagogical purposes to aid the
reader in understanding the principles of the invention and
the concepts contributed by the inventor to furthering the art,
and are to be construed as being without limitation to such
specifically recited examples and conditions, nor does the
organization of such examples in the specification relate to
an illustration of the superiority and inferiority of the
invention. Although embodiments have been described in
detail, it should be understood that various changes, substi-
tutions, and alterations could be made hereto without depart-
ing from the scope of this disclosure.
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1. A wiring substrate comprising:

an insulation layer;

a first wiring layer embedded in the insulation layer with
an upper surface of the first wiring layer exposed from
the insulation layer;

a second wiring layer including
a terminal portion located at a lower position than a

lower surface of the insulation layer, and
an embedded portion embedded in the insulation layer;
and

a connection via connecting the first wiring layer and the
embedded portion of the second wiring layer, wherein

the insulation layer includes an extension between the
embedded portion of the second wiring layer and a
lower surface of the first wiring layer,

the extension of the insulation layer includes a through
hole extending through the extension in a thickness-
wise direction, and

the connection via is located in the through hole extending
through the extension.

2. The wiring substrate according to claim 1, wherein

the first wiring layer includes a through hole extending
through the first wiring layer in the thickness-wise
direction at the same position as the through hole of the
extension in a plan view, and

the connection via is integrally arranged in the through
hole of the first wiring layer and the through hole of the
insulation layer.

3. The wiring substrate according to claim 2, wherein

the connection via includes
a through portion located in the through hole of the first

wiring layer, and
a connection portion located in the through hole of the
insulation layer, and

the through hole of the first wiring layer and the through
hole of the insulation layer have the same diameter.

4. The wiring substrate according to claim 2, wherein

the connection via includes
a through portion located in the through hole of the first

wiring layer, and
a connection portion located in the through hole of the
insulation layer, and

the through hole of the insulation layer has a diameter that
is larger than a diameter of the through hole of the first
wiring layer.

5. The wiring substrate according to claim 1, wherein the
upper surface of the first wiring layer and an upper surface
of the insulation layer are located at the same height.

6. The wiring substrate according to claim 1, wherein the
upper surface of the first wiring layer is located at a lower
position than an upper surface of the insulation layer.

7. The wiring substrate according to claim 2, wherein an
upper surface of the connection via is located at a lower
position than the upper surface of the first wiring layer.

8. The wiring substrate according to claim 1, wherein

the lower surface of the first wiring layer and a side
surface of the first wiring layer that are in contact with
the insulation layer are rough surfaces, and

a side surface of the embedded portion and an upper
surface of the embedded portion that are in contact with
the insulation layer are rough surfaces.
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9. A semiconductor device comprising:

the wiring substrate according to claim 1; and

at least one electronic component mounted on the wiring
substrate.
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