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WIRING SUBSTRATE, SEMICONDUCTOR
MODULE, AND MANUFACTURING
METHOD FOR WIRING SUBSTRATE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the
benefit of priority of the prior Japanese Patent Application
No. 2018-51135, filed on Mar. 19, 2018, the entire contents
of which are incorporated herein by reference.

FIELD

[0002] The embodiments discussed herein are related to a
wiring substrate, a semiconductor module, and a manufac-
turing method for the wiring substrate.

BACKGROUND

[0003] As a technique related to a wiring substrate having
a capacitor, for example, the following technique is known.
For example, a wiring substrate is known which includes a
capacitor having a dielectric layer formed on a first electrode
layer and a second electrode layer formed on the dielectric
layer, and multiple via wires that are coupled to the first
electrode layer or the second electrode layer, and formed to
penetrate the capacitor.

[0004] A wiring substrate is known which includes a first
electrode, a second electrode, and a capacitor provided
between the first and second electrodes. In the wiring
substrate, the first electrode includes an opening to form a
second via. The second electrode includes an opening for
each of first and second vias. The dielectric includes an
opening for each of the first and second vias.

[0005] Related techniques are disclosed in, for example,
Japanese Laid-open Patent Publication Nos. 2006-173494
and 2007-184324.

SUMMARY

[0006] According to an aspect of the embodiments, a
wiring substrate includes, a base substrate, a film capacitor,
a first through via and a second through via. The film
capacitor includes a first conductive film disposed on a
surface of the base substrate, a second conductive film, and
a dielectric film disposed between the first conductive film
and the second conductive film. The first through via dis-
posed in the base substrate, penetrates the base substrate and
the capacitor, is electrically coupled to the second conduc-
tive film, and is insulated from the first conductive film. The
second through via disposed in the base substrate, penetrates
the base substrate, is electrically coupled to the first con-
ductive film, and is insulated from the second conductive
film.

[0007] The object and advantages of the invention will be
realized and attained by means of the elements and combi-
nations particularly pointed out in the claims.

[0008] 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.

Sep. 19,2019

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1 is a cross-sectional view schematically
illustrating the configuration of a wiring substrate according
to an embodiment of the technique of the present disclosure;
[0010] FIG. 2 is a cross-sectional view illustrating an
example of the configuration of the wiring substrate accord-
ing to the embodiment of the technique of the present
disclosure;

[0011] FIG. 3 is a plan view schematically illustrating the
positional relationship between a capacitor and a first
through via according to the embodiment of the technique of
the present disclosure;

[0012] FIG. 4A is a cross-sectional view illustrating an
example of a method of manufacturing the wiring substrate
according to the embodiment of the technique of the present
disclosure;

[0013] FIG. 4B is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the embodiment of the technique of the
present disclosure;

[0014] FIG. 4C is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the embodiment of the technique of the
present disclosure;

[0015] FIG. 4D is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the embodiment of the technique of the
present disclosure;

[0016] FIG. 4E is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the embodiment of the technique of the
present disclosure;

[0017] FIG. 4F is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the embodiment of the technique of the
present disclosure;

[0018] FIG. 4G is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the embodiment of the technique of the
present disclosure;

[0019] FIG. 4H is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the embodiment of the technique of the
present disclosure;

[0020] FIG. 41 is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the embodiment of the technique of the
present disclosure;

[0021] FIG. 4] is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the embodiment of the technique of the
present disclosure;

[0022] FIG. 4K is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the embodiment of the technique of the
present disclosure;

[0023] FIG. 4L is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the embodiment of the technique of the
present disclosure;

[0024] FIG. 4M is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the embodiment of the technique of the
present disclosure;
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[0025] FIG. 4N is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the embodiment of the technique of the
present disclosure;

[0026] FIG. 40 is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the embodiment of the technique of the
present disclosure;

[0027] FIG. 5 is a cross-sectional view illustrating the
configuration of a wiring substrate according to a compara-
tive example;

[0028] FIG. 6A is a cross-sectional view illustrating an
example of a method of manufacturing the wiring substrate
according to the comparative example;

[0029] FIG. 6B is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the comparative example;

[0030] FIG. 6C is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the comparative example;

[0031] FIG. 6D is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the comparative example;

[0032] FIG. 6E is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the comparative example;

[0033] FIG. 6F is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the comparative example;

[0034] FIG. 6G is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the comparative example;

[0035] FIG. 6H is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the comparative example;

[0036] FIG. 61 is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the comparative example;

[0037] FIG. 6] is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the comparative example;

[0038] FIG. 6K is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the comparative example;

[0039] FIG. 6L is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the comparative example;

[0040] FIG. 6M is a cross-sectional view illustrating an
example of the method of manufacturing the wiring sub-
strate according to the comparative example;

[0041] FIG. 7A is a plan view schematically illustrating
the openings formed in a second conductive film of a
capacitor in the wiring substrate according to the compara-
tive example;

[0042] FIG. 7B is a plan view schematically illustrating
the openings formed in a first conductive film of the capaci-
tor in the wiring substrate according to the comparative
example;

[0043] FIG.7C is a plan view schematically illustrating an
effective area of the capacitor in the wiring substrate accord-
ing to the comparative example;
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[0044] FIG. 8 is a cross-sectional view illustrating an
example of the configuration of the wiring substrate accord-
ing to the embodiment of the technique of the present
disclosure; and

[0045] FIG. 9 is a cross-sectional view illustrating an
example of the configuration of a semiconductor module
according to an embodiment of the technique of the present
disclosure.

DESCRIPTION OF EMBODIMENTS

[0046] Race of development of a central processing unit
(CPU) for high-end computers is highly intense, and due to
demand for high performance, upsizing and enhanced speed
of CPU are being pursued. Primary factors for improvement
of the performance of CPU are increase in the number of
transistors and increase in the transmission speed. Accord-
ingly, the power consumption of CPU increases and the chip
size is also increased. When the performance of CPU
improves, naturally, it is expected that the performance of a
computer using the CPU improves. However, in order to
utilize a CPU as a device, semiconductor chips included in
the CPU have to be mounted on a multi-layer wiring
substrate called a package substrate to form a CPU module.
Consequently, to implement a high-performance computer,
it is preferable to develop a high-performance package
substrate in order to serve each CPU as a device without
impairing the performance of the CPU.

[0047] There are multiple challenges when the perfor-
mance of a CPU is attempted to be maximized as a high-
performance CPU module. One of the challenges is to
reduce power supply variation noise generated when a
current flows through a semiconductor chip included in a
CPU. The significance of the challenge is increasing for
achieving not only high performance of CPU but also a low
operation voltage to reduce power consumption. It’s not an
exaggeration to state that the reduction of power supply
variation noise is the greatest challenge in the case where a
great number of transistors are built in, and a high current is
desirable particularly in a CPU for high-end computers.
[0048] Thus, an approach of embedding a chip decoupling
capacitor into an area just below a CPU inside a package
substrate has been discussed. However, the area just below
a CPU inside a package substrate is also used as a current
supply path to the CPU. When a power supply penetrating
a package substrate and a through via to the ground are
disposed in the area just below the CPU of the package
substrate, it is difficult to dispose a decoupling capacitor in
the area just below the CPU. Therefore, a decoupling
capacitor has to be disposed at a position away from the area
just below the CPU, and in this case, it is difficult to achieve
a sufficient noise reduction effect.

[0049] Thus, use of a thin film capacitor as a decoupling
capacitor is being studied. The thin film capacitor has a
three-layer structure in which an electrode is formed on the
front and back of a highly dielectric film with a thickness of
1 um or less. It is possible to perform processing on the thin
film capacitor to form a through hole that penetrates the
electrode and the dielectric film. Consequently, disposing of
the thin film capacitor in the area just below the CPU of the
package substrate enables formation of a through via in the
area just below the CPU as well as the shortest distance
between the CPU and the decoupling capacitor.

[0050] When a thin film capacitor is used as the decou-
pling capacitor, one of the electrodes of the thin film
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capacitor has to be coupled to the power supply potential,
and the other electrode has to be coupled to the ground
potential. Thus, the electrode of the thin film capacitor
coupled to the ground potential has to be insulated by
providing clearance for a through via to which the power
supply potential is supplied. Similarly, the electrode of the
thin film capacitor coupled to the power supply potential has
to be insulated by providing clearance for a through via to
which the ground potential is supplied.

[0051] In the thin film capacitor, the area in which one
electrode and the other electrode overlap provides an effec-
tive area that serves as a capacitor. For this reason, when
clearance for the through via is provided in both electrodes,
the effective area is reduced. As a consequence, the cost of
the capacitor in the package substrate increases.

[0052] Hereinafter, an example of an embodiment of the
technique of the present disclosure will be described with
reference to the drawings. It is to be noted that the same or
equivalent components and sections are labeled with the
same symbol.

First Embodiment

[0053] FIG. 1 is a cross-sectional view schematically
illustrating the configuration of a wiring substrate 1 accord-
ing to an embodiment of the technique of the present
disclosure. The wiring substrate 1 includes a base substrate
10 that includes a fiber reinforced resin in which a glass fiber
fabric is impregnated with an epoxy resin; and a thin film
capacitor 30 provided on the surface of base substrate 10
with an insulating film 20 interposed therebetween. In short,
the wiring substrate 1 is a capacitor built-in substrate.
[0054] The capacitor 30 includes a first conductive film 31
disposed outwardly in a thickness direction of the base
substrate 10; a second conductive film 32 disposed inwardly
in the thickness direction of the base substrate 10; and a
dielectric film 33 provided between the first conductive film
31 and the second conductive film 32. The first conductive
film 31 serves as one electrode of the capacitor 30. As an
example, the first conductive film 31 includes nickel (Ni)
having a thickness of approximately 20 pm. The second
conductive film 32 serves as the other electrode of the
capacitor 30. As an example, the second conductive film 32
includes copper (Cu) having a thickness of approximately 20
um. As an example, the dielectric film 33 includes barium
titanate (BTO) having a thickness of approximately 1 pum.
The outer size of the capacitor 30 is smaller than the outer
size of the base substrate 10. For example, the wiring
substrate 1 has a non-formation area R2 of the capacitor 30
on each outer side of a formation area R1 of the capacitor 30.
The surface of the capacitor 30 is covered with an insulating
film 21.

[0055] The wiring substrate 1 has a first through via 40
that penetrates the insulating film 21, the capacitor 30, the
insulating film 20, and the base substrate 10 which are
provided in the formation area R1 of the capacitor 30. The
first through via 40 is formed by forming a conductive film
41 on the inner wall of a through hole which penetrates the
insulating film 21, the capacitor 30, the insulating film 20,
and the base substrate 10. The inside of the through hole is
filled with an insulating material 42 such as an epoxy resin.
The conductive film 41 of the first through via 40 is
electrically coupled to the second conductive film 32 of the
capacitor 30, and is insulated from the first conductive film
31 of the capacitor 30. The second conductive film 32 of the
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capacitor 30 is bonded to the dielectric film 33 over the
entire surface of the dielectric film 33. On the other hand, the
first conductive film 31 of the capacitor 30 is bonded the
dielectric film 33 with a gap (clearance) 34 between the first
through via 40 and the first conductive film 31. In the wiring
substrate 1, the through via penetrating the capacitor 30 is
formed of only the first through via 40 that is electrically
coupled to the second conductive film 32, and is insulated
from the first conductive film 31.

[0056] The wiring substrate 1 has a second through via 50
that is provided in each non-formation area R2 (in other
words, on outer sides of the capacitor 30) of the capacitor 30
and penetrates the insulating films 21, 20 and the base
substrate 10. The second through via 50 is formed by
forming a conductive film 51 on the inner wall of a through
hole which penetrates the insulating films 21, 22, and the
base substrate 10. The inside of the through hole is filled
with an insulating material 52 such as an epoxy resin. The
conductive film 51 of the second through via 50 is electri-
cally coupled to the first conductive film 31 of the capacitor
30, and is insulated from the second conductive film 32 of
the capacitor 30.

[0057] The surface of the insulating film 21 is provided
with connection wires 60 which are electrically coupled to
the conductive film 51 of the second through via 50. The
inside of the insulating film 21 is provided with multiple
interstitial via holes (IVH) 61 that electrically connect the
connection wire 60 and the first conductive film 31 of the
capacitor 30. For example, the second through via 50 is
electrically coupled to first conductive film 31 of the capaci-
tor 30 via the connection wires 60 and the multiple IVHs 61.
[0058] For example, a power supply potential is applied to
the first through via 40, and for example, a ground potential
is applied to the second through via 50. Therefore, the power
supply potential is applied to the second conductive film 32
of the capacitor 30 via the first through via 40, and the
ground potential is applied to the first conductive film 31 of
the capacitor 30 via the second through via 50. For example,
the capacitor 30 may function as a decoupling capacitor.
[0059] The capacitor 30 has an area R3 in its periphery,
where the first conductive film 31 is not formed. For
example, the periphery of the capacitor 30 has a two-layer
structure including the dielectric film 33 and the second
conductive film 32. With this structure, it is possible to
reduce the risk of occurrence of short-circuit between the
power supply and the ground due to contact between the first
conductive film 31 and the second conductive film 32 at an
end face of the capacitor 30. It is to be noted that a
ring-shaped groove, which divides the outer periphery and
the inner periphery of the first conductive film 31, may be
provided along the outer periphery of the first conductive
film 31. With this structure, it is possible to avoid occurrence
of short-circuit between the power supply and the ground
even when the outer periphery of the first conductive film 31
and the second conductive film 32 come into contact with
each other at an end face of the capacitor 30.

[0060] FIG. 2 is a cross-sectional view illustrating an
example of a specific configuration of the wiring substrate 1.
The wiring substrate 1 includes the base substrate 10 as a
core layer 10A, and may have a form of build-up substrate
in which multiple build-up layers 70 are provided near the
first surface S1 of the base substrate 10 and near the second
surface S2 opposite to the first surface S1 of the base
substrate 10.
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[0061] The core layer 10A is formed by alternately stack-
ing a copper clad laminate (CCL) and a prepreg. The
example of FIG. 2 illustrates the core layer 10A having eight
wiring layers.

[0062] The multiple build-up layers 70 are formed by
repeating formation of a prepreg, hole making process, and
formation of a wire. The example of FIG. 2 illustrates a
configuration in which six build-up layers 70 are stacked on
both sides of the core layer 10A. In the example illustrated
in FIG. 2, the thin film capacitor 30 is provided near the first
surface S1 and near the second surface S2 of the base
substrate 10 which serves as the core layer 10A.

[0063] The wiring substrate 1 has multiple first through
vias 40 that penetrate the core layer 10A and the capacitor
30 which are provided in the formation area R1 of the
capacitor 30. The conductive film 41 of each of the multiple
first through vias 40 is electrically coupled to the second
conductive film 32 of the capacitor 30, and is insulated from
the first conductive film 31 of the capacitor 30.

[0064] FIG. 3 is a plan view schematically illustrating the
positional relationship between the capacitor 30 and the first
through vias 40. As illustrated in FIG. 3, part of multiple first
through vias 40 is provided at the position corresponding to
the outer periphery of the capacitor 30 so as to pass through
the outer periphery of the capacitor 30.

[0065] The wiring substrate 1 has multiple second through
vias 50 that are provided in the non-formation area R2 (in
other words, the outer sides of the capacitor 30) of the
capacitor 30 and penetrate the core layer 10A. The conduc-
tive film 51 of each of the multiple second through vias 50
is electrically coupled to the first conductive film 31 of the
capacitor 30 via the connection wires 60 and the multiple
IVH 61 formed on both sides of the core layer 10A. In FIG.
2, in each connection wire 60, a portion coupled to the
second through via 50 and a portion coupled to the IVH 61
are mutually divided. However, these portions are coupled to
each other at a cross-section different from the cross-section
illustrated in FIG. 2. The conductive film 51 of each of the
multiple second through vias 50 is insulated from second
conductive film 32 of the capacitor 30.

[0066] The capacitors 30, provided near the first surface
S1 and near the second surface S2 of the base substrate 10
which serves as the core layer 10A, are coupled in parallel
via the first through via 40 and the second through via 50.
[0067] The interval between the multiple IVHs 61 is
smaller than the interval between multiple first through vias
40. The number of multiple IVHs 61 is larger than the
number of multiple first through vias 40. For example, the
multiple IVHs 61 are formed with a higher density than that
of the multiple first through vias 40.

[0068] Hereinafter, a method of manufacturing the wiring
substrate 1 according to the embodiment of the technique of
the present disclosure will be described. FIGS. 4A to 40 are
each a cross-sectional view illustrating an example of the
method of manufacturing the wiring substrate 1.

[0069] First, the base substrate 10, which serves as the
core layer 10A, is produced by stacking a CCL 11 and a
prepreg 12 alternately as illustrated in FIG. 4A (FIG. 4B).
The CCL 11 is produced in the following manner: a con-
ductive film such as copper foil is affixed to the front and the
back of a fiber reinforced resin in which a glass fiber fabric
is impregnated with an epoxy resin, and the conductive film
is patterned. For example, E679FGR manufactured by
Hitachi Chemical may be used as the fiber reinforced resin
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included in the CCL 11. Subsequently, a conductive film 13
formed on the outermost surface of the base substrate 10 is
patterned (FIG. 4C).

[0070] Subsequently, the insulating film 20 is formed, for
example, by a vacuum lamination method on each of the first
surface S1 and the second surface S2 of the base substrate
10 which serves as the core layer 10A. For example, GZ-41
manufactured by Ajinomoto may be used as the insulating
film 20 (FIG. 4D).

[0071] Subsequently, a thin film capacitor 30, which is cut
in a square with a side of approximately 20 mm for example,
is disposed on the insulating film 20. The capacitor 30
includes a first conductive film 31 disposed outwardly in a
thickness direction of the base substrate 10; a second con-
ductive film 32 disposed inwardly in the thickness direction
of the base substrate 10; and a dielectric film 33 provided
between the first conductive film 31 and the second con-
ductive film 32. The capacitor 30 is disposed at the center of
the base substrate 10 on both sides, that is, near the first
surface S1 and near the side of the second surface S2 of the
base substrate 10 which serves as the core layer 10A.
Subsequently, the surface of the capacitor 30 is protected by
apolyethyleneterephthalate (PET) film (not illustrated), then
the capacitor 30 is brought into intimate contact with the
insulating film 20, for example, by a vacuum lamination
method. Next, the PET film is peeled off, then the insulating
film 20 is thermally cured (FIG. 4E).

[0072] Subsequently, the first conductive film 31 of the
capacitor 30, disposed outwardly in a thickness direction of
the base substrate 10 is patterned. Openings 31A are formed
in the first conductive film 31, each having a diameter
greater than the diameter of the first through via 40 formed
in the later process so that gap (clearance) is created between
the first conductive film 31 and the first through via 40. The
outer periphery of the first conductive film 31 is removed.
Consequently, the capacitor 30 has an area R3, in which the
first conductive film 31 is not formed, on the outer periphery,
which has a two-layer structure including the dielectric film
33 and the second conductive film 32 (FIG. 4F).

[0073] Subsequently, the insulating film 21 is formed on
the surface of the base substrate 10 which serves as the core
layer 10A. The surface of the capacitor 30 is covered with
the insulating film 21. For example, GZ-41 manufactured by
Ajinomoto may be used as the insulating film 21. Subse-
quently, the insulating film 21 is thermally cured (FIG. 4G).
[0074] Subsequently, multiple through holes 40A included
in the multiple first through vias 40 and multiple through
holes 50A included in the multiple second through vias 50
are formed by drilling. Each of the multiple through holes
40A is formed in the formation area R1 of the capacitor 30,
and penetrates the base substrate 10 along with the insulat-
ing films 21, 20 and the capacitor 30 provided on both sides
of the base substrate 10. Part of the multiple through holes
40A is provided at the position corresponding to the opening
31A 50 as to pass through the opening 31A formed in the first
conductive film 31. The other part of the multiple through
holes 40A is provided at the position corresponding to the
outer periphery of the capacitor 30 so as to pass through the
outer periphery of the capacitor 30. Each of the multiple
through holes 50A is formed in the non-formation area R2
of'the capacitor 30, in other words, formed on the outer sides
of the capacitor 30, and penetrates the base substrate 10
along with the insulating films 21, 20 provided on both sides
of the base substrate 10 (FIG. 4H).
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[0075] Subsequently, multiple openings 62, which reach
the first conductive film 31 of the capacitor 30, are formed
in the insulating film 21 by laser machining. The multiple
openings 62 form the multiple IVHs 61. The multiple
openings 62 are formed with a higher density than that of the
multiple through holes 40A (FIG. 41).

[0076] Subsequently, a conductive material such as copper
is embedded in each of the multiple openings 62 by plating
processing, thereby forming the multiple IVHs 61. The
conductive films 41, 51, which cover the inner walls of the
through holes 40A, 50A, respectively, are formed by the
plating processing. A conductive film 80 is further formed on
the surface of the insulating film 21 by the plating processing
(FIG. 47).

[0077] Subsequently, the insides of the through holes 40A,
50A are filled with the insulating materials 42 and 52 such
as an epoxy resin. Subsequently, a conductive film 81, which
covers the entire surface of the insulating film 21, is formed
by plating processing so as to close the opening ends of the
through holes 40A, 50A (FIG. 4K).

[0078] Subsequently, the conductive films 80 and 81 are
patterned. Consequently, the first through via 40, which is
electrically coupled to the second conductive film 32 of the
capacitor 30, and is insulated from the first conductive film
31 of the capacitor 30, is formed in the formation area R1 of
the capacitor 30. The second through via 50, which is
electrically coupled to the first conductive film 31 of the
capacitor 30 via the connection wire 60 and the IVH 61, and
is insulated from the second conductive film 32 of the
capacitor 30, is formed in each non-formation area R2 of the
capacitor 30 (FIG. 4L). The connection wire 60 is formed by
patterning the conductive films 80 and 81.

[0079] Subsequently, build-up layers 70 are formed on
both sides, that is, near the first surface S1 and near the
second surface S2 of the base substrate 10 which serves as
the core layer 10A. Each build-up layer 70 is formed by
formation of the prepreg 71, hole making process, and
formation of the wire 72 (FIG. 4M). Multiple build-up layers
70 are stacked on both sides of the core layer 10A as desired.
The first through via 40 and the second through via 50 are
drawn to the outermost surface of the wiring substrate 1 by
wires 72 provided in the build-up layers 70 (FIG. 4N).
[0080] Subsequently, a solder resist 90 is formed on the
outermost surface of the build-up layers 70. Subsequently,
the wires 72 provided on the outermost surface of the
build-up layers 70 are exposed by forming openings 91 in
the solder resist 90 (FIG. 40). As a consequence of the
above-described processes, the wiring substrate 1 including
thin film capacitors 30 and the multiple build-up layers 70 is
completed on both sides of the core layer 10A.

[0081] FIG. 5 is a cross-sectional view illustrating the
configuration of a wiring substrate 1X according to a com-
parative example. Similarly to wiring substrate 1 according
to the embodiment of the technique of the present disclosure,
the wiring substrate Ix according to the comparative
example is a capacitor built-in substrate that includes thin
film capacitors 30. The wiring substrate 1X according to the
comparative example has a form of build-up substrate in
which build-up layers 70 are provided on both sides of the
base substrate 10 which serves as the core layer 10A.
[0082] Each thin film capacitor 30 has a first conductive
film 31 disposed outwardly in a thickness direction of the
base substrate 10; a second conductive film 32 disposed
inwardly in the thickness direction of the base substrate 10;
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and a dielectric film 33 provided between the first conduc-
tive film 31 and the second conductive film 32. The capacitor
30 is provided near the first surface S1 and near the second
surface S2 of the base substrate 10 which serves as the core
layer 10A. The outer size of the capacitor 30 is substantially
the same as the outer size of the base substrate 10, and the
capacitor 30 covers substantially the entire surface of the
base substrate 10. In the wiring substrate 1X according to the
comparative example, the power supply potential is applied
to the second conductive film 32, and the ground potential
is applied to the first conductive film 31.

[0083] The wiring substrate 1X according to the compara-
tive example has multiple through vias 45, 55 that penetrate
the capacitor 30 and the core layer 10A. Of the multiple
through vias 45, 55, the through vias 45, to which the power
supply potential is supplied, are electrically coupled to the
second conductive film 32 of the capacitor 30, and are
insulated from the first conductive film 31 of the capacitor
30. Of the multiple through vias 45, 55, the through vias 55,
to which the ground potential is supplied, are electrically
coupled to the first conductive film 31 of the capacitor 30,
and are insulated from the second conductive film 32 of the
capacitor 30.

[0084] The first conductive film 31 of the capacitor 30 has
openings 31A having a diameter greater than the diameter of
each through via 45 to which the power supply potential is
supplied so that gap (clearance) is created between the
through vias 45 and the first conductive film 31. The second
conductive film 32 of the capacitor 30 has openings 32A
having a diameter greater than the diameter of each through
via 55 to which the ground potential is supplied so that gap
(clearance) is created between the through via 55 and the
second conductive film 32.

[0085] Hereinafter, a method of manufacturing the wiring
substrate 1X according to a comparative example will be
described. FIGS. 6A to 6M are each a cross-sectional view
illustrating an example of a method of manufacturing the
wiring substrate 1X according to a comparative example.
[0086] First, the base substrate 10 which serves as the core
layer 10A is formed by the same method as the method of
manufacturing the wiring substrate 1 according to the
embodiment of the technique of the present disclosure.
Subsequently, an insulating film 20 is formed, for example,
by a vacuum lamination method on both sides of the base
substrate 10 which serves as the core layer 10A (FIG. 6A).
[0087] Subsequently, a thin film capacitor 30 is prepared,
in which the first conductive film 31, the dielectric film 33,
and the second conductive film 32 are stacked (FIG. 6B).
The power supply potential is applied to the second con-
ductive film 32, and the ground potential is applied to the
first conductive film 31.

[0088] Subsequently, the second conductive film 32 of the
capacitor 30, disposed inwardly in the thickness direction of
the base substrate 10 is patterned. Openings 32A are formed
in the second conductive film 32, each having a diameter
greater than the diameter of each through via 55 to which the
ground potential is supplied and which is formed in the later
process so that gap (clearance) is created between the second
conductive film 32 and the through via 55. The diameter of
each opening 32A includes a margin in consideration of
position displacement when the capacitor 30 is affixed to the
base substrate 10 (FIG. 6C).

[0089] Subsequently, the capacitor 30 is disposed on the
insulating film 20. The capacitor 30 covers the entire surface
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of the base substrate 10 which serves as the core layer 10A.
Subsequently, the surface of the capacitor 30 is protected by
a PET film (not illustrated), then the capacitor 30 is brought
into intimate contact with the insulating film 20, for
example, by a vacuum lamination method. Next, the PET
film is peeled off, then the insulating film 20 is thermally
cured (FIG. 6D).

[0090] Subsequently, the first conductive film 31 of the
capacitor 30, disposed outwardly in a thickness direction of
the base substrate 10 is patterned. Openings 31A are formed
in the first conductive film 31, each having a diameter
greater than the diameter of each through via 45 to which the
power supply potential is supplied and which is formed in
the later process so that gap (clearance) is created between
the first conductive film 31 and the through via 45 (FIG. 6E).
[0091] Subsequently, an insulating film 21 is formed on
the surface of the base substrate 10 which serves as the core
layer 10A. The surface of the capacitor 30 is covered with
the insulating film 21 (FIG. 6F).

[0092] Subsequently, multiple through holes 45A included
in the multiple through vias 45 and multiple through holes
55A included in the multiple through vias 55 are formed by
drilling. The through holes 45A, 55A penetrate the base
substrate 10 along with the insulating films 21, 20 and the
capacitor 30 provided on both sides of the base substrate 10.
The through holes 55A are provided at the position corre-
sponding to the openings 32A formed in the second con-
ductive film 32 so as to pass through the openings 32A. The
through holes 45A are provided at the position correspond-
ing to the openings 31A formed in the first conductive film
31 so as to pass through the openings 31A (FIG. 6G).
[0093] Subsequently, conductive films 46, 56, which cover
the inner walls of the through holes 45A, 55A, respectively,
are formed by plating processing. A conductive film 80 is
formed on the surface of the insulating film 21 by the plating
processing (FIG. 6H).

[0094] Subsequently, the insides of the through holes 45A,
55A are filled with insulating materials 47 and 57 such as an
epoxy resin. Subsequently, a conductive film 81, which
covers the entire surface of the insulating film 21, is formed
by plating processing so as to close the opening ends of the
through holes 45A, 55A (FIG. 6I).

[0095] Subsequently, the conductive films 80 and 81 are
patterned. Consequently, through vias 45 are formed, which
are electrically coupled to the second conductive film 32 of
the capacitor 30, and are insulated from the first conductive
film 31 of the capacitor 30. Through vias 55 are formed,
which are electrically coupled to the first conductive film 31
of the capacitor 30, and are insulated from the second
conductive film 32 of the capacitor 30 (FIG. 6J).

[0096] Subsequently, build-up layers 70 are formed on
both sides of the base substrate 10 which serves as the core
layer 10A. Each build-up layer 70 is formed by formation of
the prepreg 71, hole making process, and formation of the
wire 72 (FIG. 6K). Multiple build-up layers 70 are stacked
on both sides of the core layer 10A as desired. The first
through via 40 and the second through via 50 are drawn to
the outermost surface of the wiring substrate 1X by wires 72
provided in the build-up layers 70 (FIG. 6L).

[0097] Subsequently, a solder resist 90 is formed on the
outermost surface of the build-up layers 70. Subsequently,
the wires 72 provided on the outermost surface of the
build-up layers 70 are exposed by forming openings 91 in
the solder resist 90 (FIG. 6M). As a consequence of the

Sep. 19,2019

above-described processes, the wiring substrate Ix according
to the comparative example is completed.

[0098] FIG. 7A is a plan view schematically illustrating
the openings 32A formed in the second conductive film 32
of the capacitor 30 in the wiring substrate 1X according to
the comparative example. FIG. 7B is a plan view schemati-
cally illustrating the openings 31A formed in the first
conductive film 31 of the capacitor 30 in the wiring substrate
1X according to the comparative example. FIG. 7C is a plan
view schematically illustrating an effective area Re of the
capacitor 30 in the wiring substrate 1X according to the
comparative example.

[0099] In the wiring substrate 1X according to the com-
parative example, as illustrated in FIG. 7A, in the second
conductive film 32 of the capacitor 30, openings 32A are
formed, each having a diameter greater than the diameter of
each through via 55 to which the ground potential is supplied
so that gap (clearance) is created between the through via 55
and the second conductive film 32. In the wiring substrate
1X according to the comparative example, as illustrated in
FIG. 7B, in the first conductive film 31 of the capacitor 30,
openings 31A are formed, each having a diameter greater
than the diameter of each through via 45 to which the power
supply potential is supplied so that gap (clearance) is created
between the through via 45 and the first conductive film 31.
The diameter of each opening 32A formed in the second
conductive film 32 preferably has a margin in consideration
of position displacement when the capacitor 30 is affixed to
the base substrate 10. Therefore, the diameter of each
opening 32A formed in the second conductive film 32 is
greater than the diameter of each opening 31A formed in the
first conductive film 31.

[0100] In the wiring substrate 1X according to the com-
parative example, an effective area Re of the thin film
capacitor 30 is the areca where the first conductive film 31
and the second conductive film 32 overlap as illustrated by
hatching in FIG. 7C. In other words, the effective area Re is
the area excluding the formation area of the openings 31A
and the formation area of the openings 32A. Therefore,
when the openings 31A, 32A as the clearance for the through
vias 45 and 55 are respectively provided in the first con-
ductive film 31 and the second conductive film 32, the
effective area Re is reduced. As a consequence, in the wiring
substrate 1X according to the comparative example, the cost
of the capacitor 30 increases.

[0101] In contrast, in the wiring substrate 1 according to
the embodiment of the technique of the present disclosure,
the first through via 40 provided in the formation area R1 of
the capacitor 30 is electrically coupled to the second con-
ductive film 32 of the capacitor 30, and is insulated from the
first conductive film 31 of the capacitor 30. The second
through via 50 provided in the non-formation area R2 of the
capacitor 30 is electrically coupled to the first conductive
film 31 of the capacitor 30, and is insulated from the second
conductive film 32 of the capacitor 30. For example, in the
wiring substrate 1 according to the embodiment of the
technique of the present disclosure, the through vias, which
penetrate the capacitor 30, include only the first through vias
40 which are electrically coupled to the second conductive
film 32, and are insulated from the first conductive film 31.
Therefore, the openings 31A as the clearance for the first
through vias 40 have to be provided in the first conductive
film 31 only, and clearance for the through vias do not have
to be provided in the second conductive film 32, thus
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openings do not have to be formed. Therefore, in the wiring
substrate 1 according to the embodiment of the technique of
the present disclosure, it is possible to increase the effective
area of the capacitor 30, as compared with the wiring
substrate 1X according to the comparative example. In the
wiring substrate 1 according to the embodiment of the
technique of the present disclosure, it is possible to improve
the area utilization efficiency of the capacitor 30 by approxi-
mately 30%, as compared with the wiring substrate 1x
according to the comparative example.

[0102] In the wiring substrate 1 according to the embodi-
ment of the technique of the present disclosure, as illustrated
in FIG. 1, the capacitor 30 has the area R3, in which the first
conductive film 31 is not formed, on the outer periphery. For
example, the outer periphery of the capacitor 30 has a
two-layer structure including the dielectric film 33 and the
second conductive film 32. With this structure, it is possible
to reduce the risk of occurrence of short-circuit between the
power supply and the ground due to contact between the first
conductive film 31 and the second conductive film 32 at an
end face of the capacitor 30.

[0103] In the wiring substrate 1 according to the embodi-
ment of the technique of the present disclosure, as illustrated
in FIG. 3, part of the multiple first through vias 40 is
provided at a position corresponding to the outer periphery
of' the capacitor 30. Patterning of the first conductive film 31
of the capacitor 30 is performed after the capacitor 30 is
affixed to the base substrate 10, and the first through vias 40
are formed. This makes it possible to relax desired accuracy
for positioning of the capacitor 30 and the base substrate 10
when the capacitor 30 is affixed to the base substrate 10.
[0104] In the wiring substrate 1 according to the embodi-
ment of the technique of the present disclosure, the interval
between the multiple IVHs 61 is smaller than the interval
between the multiple first through vias 40. The number of
multiple IVHs 61 is larger than the number of multiple first
through vias 40. For example, the multiple IVHs 61 are
formed with a higher density than that of the multiple first
through vias 40. Therefore, it is possible to reduce the
inductance of a current path coupled to the first conductive
film 31 of the capacitor 30, and the function of the capacitor
30 as the decoupling capacitor may be maximized.

[0105] In the wiring substrate 1 according to the embodi-
ment of the technique of the present disclosure, as illustrated
in FIG. 2, the capacitor 30 is provided on both sides near the
first surface S1 and near the second surface S2 of the base
substrate 10. Therefore, the structure of the wiring substrate
1 is symmetric with respect to the thickness direction of the
wiring substrate 1, and thus it is possible to reduce warpage
of the wiring substrate 1 due to heat.

[0106] As illustrated in FIG. 8, the capacitor 30 may be
provided only on one side of the base substrate 10. In the
embodiment, a case has been illustrated where the connec-
tion wire 60, which electrically connects the second through
via 50 and the first conductive film 31 of the capacitor 30,
is formed by the conductive films 80 and 81 formed on the
outermost surface of the core layer 10A (see FIG. 4L).
However, the present disclosure is not limited to the embodi-
ment. The connection wire 60 may be formed by the wires
72 which are formed in the build-up layers 70, for example.
The connection wire 60 may be formed by both the con-
ductive films 80, 81 formed on the outermost surface of the
core layer 10A and the wires 72 formed in the build-up
layers 70.
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Second Embodiment

[0107] FIG. 9 is a cross-sectional view illustrating an
example of the configuration of a semiconductor module 2
according to a second embodiment of the technique of the
present disclosure. The semiconductor module 2 includes a
wiring substrate 1, and a semiconductor chip 100 mounted
on the wiring substrate 1. The semiconductor chip 100 may
include, for example, an integrated circuit included in a
CPU.

[0108] The semiconductor chip 100 has first terminals 101
electrically coupled to the first through vias 40 via the
build-up layers 70, and second terminals 102 electrically
coupled to the second through vias 50 via the build-up layers
70. For example, the first terminals 101 are electrically
coupled to the second conductive film 32 of the capacitor 30,
and the second terminals 102 are electrically coupled to the
first conductive film 31 of capacitor 30. The first terminals
101 and the second terminals 102 may be each a solder
bump.

[0109] The semiconductor chip 100 is provided at a posi-
tion overlapping with the formation area R1 of the capacitor
30, in other words, just above the capacitor 30. The first
terminals 101 of the semiconductor chip 100 are each
provided at a position with the shortest distance from a first
through via 40, in other words, just above a first through via
40. The second terminals 102 of the semiconductor chip 100
are each provided at a position with the shortest distance
from the first conductive film 31 of the capacitor 30, in other
words, just above the first conductive film 31. The wires 72
provided in the build-up layers 70 connect each of the first
terminals 101 of the semiconductor chip 100 and a corre-
sponding first through via 40 by a shortest path, and connect
each of the second terminals 102 of the semiconductor chip
100 and a corresponding first conductive film 31 of the
capacitor 30 by a shortest path.

[0110] With the semiconductor module 2 according to the
embodiment of the technique of the present disclosure, in the
configuration in which the through vias and the capacitor 30
are disposed in the area just below the semiconductor chip
100, it is possible to maximize the effective area of the
capacitor 30 and thus to improve the area utilization effi-
ciency of the capacitor 30.

[0111] All examples and conditional language provided
herein are intended for the pedagogical purposes of aiding
the reader in understanding the invention and the concepts
contributed by the inventor to further the art, and are not to
be construed as limitations to such specifically recited
examples and conditions, nor does the organization of such
examples in the specification relate to a showing of the
superiority and inferiority of the invention. Although one or
more embodiments of the present invention have been
described in detail, it should be understood that the various
changes, substitutions, and alterations could be made hereto
without departing from the spirit and scope of the invention.

What is claimed is:

1. A wiring substrate comprising:

a base substrate;

a film capacitor that includes a first conductive film
disposed over a surface of the base substrate, a second
conductive film, and a dielectric film disposed between
the first conductive film and the second conductive
film;

a first through via that is disposed in the base substrate,
penetrates the base substrate and the capacitor, is
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electrically coupled to the second conductive film, and
is insulated from the first conductive film; and

a second through via that is disposed in the base substrate,
penetrates the base substrate, is electrically coupled to
the first conductive film, and is insulated from the
second conductive film.

2. The wiring substrate according to claim 1,

wherein an outer size of the capacitor is smaller than an
outer size of the base substrate.

3. The wiring substrate according to claim 1, further

comprising:

an insulating film that covers a surface of the first con-
ductive film;

a connection wire that is disposed on a surface of the
insulating film, and is electrically coupled to the second
through via; and

a plurality of interstitial via holes that are disposed within
the insulating film, and that electrically connect the
connection wire and the first conductive film.

4. The wiring substrate according to claim 3,

wherein the wiring substrate includes a plurality of first
through vias, each of the plurality of first through vias
is the first through via, and

an interval between the plurality of interstitial via holes is
smaller than an interval between the plurality of first
through vias.

5. The wiring substrate according to claim 3,

wherein the wiring substrate includes a plurality of first
through vias, each of the plurality of first through vias
is the first through via, and

a number of the plurality of interstitial via holes is larger
than a number of the plurality of first through vias.

6. The wiring substrate according to claim 1,

wherein an area of the first conductive film is smaller than
an area of the dielectric film.

7. The wiring substrate according to claim 1,

wherein the second conductive film is bonded to the
dielectric film over an entire surface of the dielectric
film, and

the first conductive film has clearance between the first
through via and the first conductive film, and is bonded
to the dielectric film.

8. The wiring substrate according to claim 1,

wherein the wiring substrate includes a plurality of
capacitors, each of which is the capacitor, and

a first capacitor of the capacitors is disposed on a first
insulating film on a first side of the base substrate, and
a second capacitor of the capacitors is formed on a
second side of the base substrate opposite the first side.

9. The wiring substrate according to claim 1,

wherein the wiring substrate includes a plurality of first
through vias, each of which is the first through via, and

part of the plurality of first through vias is coupled to an
outer periphery of the second conductive film of the
capacitor.

10. The wiring substrate according to claim 1,

wherein the wiring substrate includes the base substrate as
a core layer, and

abuild-up layer disposed on a first surface of an insulating
filing on the base substrate which includes the capaci-
tor, the build-up layer including a wire.
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11. A semiconductor module comprising:

a wiring substrate; and

a semiconductor chip mounted on the wiring substrate,

wherein the wiring substrate includes:

a base substrate;

a film capacitor that includes a first conductive film
disposed over a surface of the base substrate, a
second conductive film, and a dielectric film dis-
posed between the first conductive film and the
second conductive film;

a first through via that is disposed in the base substrate,
penetrates the base substrate and the capacitor, is
electrically coupled to the second conductive film,
and is insulated from the first conductive film; and

a second through via that is disposed in the base
substrate, penetrates the base substrate, is electrically
coupled to the first conductive film, and is insulated
from the second conductive film, and

wherein the semiconductor chip includes:

a first terminal electrically coupled to the first through
via, and

a second terminal electrically coupled to the second
through via.

12. The semiconductor module according to claim 11,

wherein an outer size of the capacitor is smaller than an
outer size of the base substrate.

13. The semiconductor module according to claim 11,

further comprising:

an insulating film that covers a surface of the first con-
ductive film;

a connection wire that is disposed on a surface of the
insulating film, and is electrically coupled to the second
through via; and

a plurality of interstitial via holes that are disposed within
the insulating film, and that electrically connect the
connection wire and the first conductive film.

14. The semiconductor module according to claim 13,

wherein the semiconductor module includes a plurality of
first through vias, each of which is the first through via,
and

an interval between the plurality of interstitial via holes is
smaller than an interval between the plurality of first
through vias.

15. The semiconductor module according to claim 13,

wherein the semiconductor module includes a plurality of
first through vias, each of which is the first through via,
and

a number of the plurality of interstitial via holes is larger
than a number of the plurality of first through vias.

16. The semiconductor module according to claim 11,

wherein an area of the first conductive film is smaller than
an area of the dielectric film.

17. The semiconductor module according to claim 11,

wherein the second conductive film is bonded to the
dielectric film over an entire surface of the dielectric
film, and

the first conductive film has clearance between the first
through via and the first conductive film, and is bonded
to the dielectric film.

18. The semiconductor module according to claim 11,

wherein the capacitor is disposed near a first surface of the
base substrate, and near a second surface on an opposite
side to the base substrate from the first surface.
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19. A manufacturing method for a wiring substrate, the
method comprising:

providing a base substrate;

forming a film capacitor that includes a first conductive
film disposed over a surface of the base substrate, a
second conductive film, and a dielectric film disposed
between the first conductive film and the second con-
ductive film;

forming a first through via that is disposed in the base
substrate, penetrates the base substrate and the capaci-
tor, is electrically coupled to the second conductive
film, and is insulated from the first conductive film; and

forming a second through via that is disposed in the base
substrate, penetrates the base substrate, is electrically
coupled to the first conductive film, and is insulated
from the second conductive film.

20. The manufacturing method according to claim 19,

further comprising:

forming an insulating film on the surface of the base
substrate;

forming a connection wire that is disposed on a surface of
the insulating film, and is electrically coupled to the
second through via; and
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forming a plurality of interstitial via holes that are dis-
posed internally of the insulating film, and that elec-
trically connect the connection wire and the first con-
ductive film.

21. A wiring substrate comprising:
a base substrate;

a film capacitor that includes a first conductive film
disposed over a surface of the base substrate, a second
conductive film, and a dielectric film disposed between
the first conductive film and the second conductive
film;

a first through via that is disposed in the base substrate,
penetrates the base substrate and the capacitor, is
electrically coupled to the second conductive film, and
is insulated from the first conductive film; and

a second through via that is disposed in the base substrate,
penetrates the base substrate, is electrically coupled to
the first conductive film, and is insulated from the
second conductive film, wherein

the second through via does not penetrate the capacitor.

#* #* #* #* #*



