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COMPONENT BUILT-IN MODULE AND
METHOD OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a component built-in
module in which an electronic component such as a semi-
conductor and/or a circuit component is provided inside an
electric insulation layer, and to a method for manufacturing
the same.

2. Related Background Art

Recently, following the tendency of electronic devices
toward high performance and compact size, it is increasingly
demanded to achieve high density and improved function of
circuit components. It also is demanded to provide a circuit-
component-mounted module suitable for high density and
improved performance. To mount circuit components at a
higher density, wiring patterns are complicated increasingly,
and hence, there is a tendency of wiring boards toward
multi-lamination.

In the case of conventional glass-epoxy substrates, multi-
lamination is achieved with a through hole structure that is
obtained by drilling. This structure has high reliability, but
wiring patterns provided thereon are limited since wiring
patterns in different layers are connected using through
holes. Furthermore, a semiconductor or a circuit component
cannot be mounted at an area on a surface of the wiring
board where the through hole is provided, and therefore, it
is not suitable for high-density component-mounting.

Therefore, as a method for achieving high densification of
circuitry, a multi-layer wiring board utilizing electric con-
nection by inner vias is used also. The inner via connection
allows the wiring patterns between large scale integrated
circuits (LSIs) and components to be connected over the
shortest distances, and also provides only necessary connec-
tions between wiring pattern layers, thereby facilitating the
circuit component mounting. Furthermore, by incorporating
circuit components in a wiring board, the component mount-
ing efficiency is improved further.

However, the incorporation of circuit components and the
connection of the same through inner vias may have a
problem in reliability. The reliability of the inner via con-
nection is influenced significantly by the ratio of a height of
an inner via to a diameter thereof (i.e., aspect ratio=height/
diameter). In the case where a circuit component is incor-
porated in a wiring board, an electric insulation layer having
a height greater than a height of the circuit component is
required, thereby necessarily causing an inner via to have a
greater height. Therefore, to improve the connection
reliability, it is necessary to increase the diameter of an inner
via. However, an increase in the diameter leads to a decrease
in the mounting density.

SUMMARY OF THE INVENTION

Therefore, it is an object of the present invention to
provide a component built-in module that has high reliability
and is suitable for high-density component-mounting, and a
method for manufacturing the same.

Afirst component built-in module of the present invention
includes: an electric insulation layer; first wiring patterns in
a plurality of layers that are laminated with the electric
insulation layer being interposed therebetween; at least one
first inner via electrically connecting the first wiring patterns
in different layers with each other; and at least one electronic
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component that is embedded in the electric insulation layer
and is mounted on any one of the first wiring patterns in the
plurality of layers. Herein, at least one of the first inner vias
is present in a range that overlaps a range in which the
electronic component is present in a lamination direction in
which the first wiring patterns are laminated, and has a
height in the lamination direction that is smaller than a
height of the electronic component.

Here, in the present invention, “height of an electronic
component” means a distance from an upper surface of a
wiring pattern on which the electronic component is
mounted to an upper surface of the electronic component.
More preferably, it means a thickness of the electronic
component itself. Furthermore, the term “overlap” herein
means that the two concerned ranges overlap each other at
least partly, and the ranges do not necessarily coincide with
each other completely.

This configuration makes it possible to suppress a height
of the first inner via provided substantially opposite to the
electronic component in a direction perpendicular to the
lamination direction of the first wiring patterns. As a result,
even with a decreased diameter of the via, the degradation
of reliability resulting from an increase in the aspect ratio is
prevented. Therefore, it is possible to provide a component
built-in module that has high reliability and is suitable for
high-density component-mounting.

The first component built-in module preferably further
includes a wiring board including second wiring patterns in
at least two layers, and a through hole and/or a second inner
via that electrically connects the second wiring patterns in
different layers with each other. Here, the wiring board is
embedded inside the electric insulation layer, and any one of
the first wiring patterns in the plurality of layers and the
second wiring pattern are connected electrically through an
inner via.

This configuration makes it possible to provide a com-
ponent built-in module suitable for high-density component-
mounting, taking advantage of the high reliability of the
wiring board. Further, since a generally used wiring board
can be used, this leads to a decrease in production cost.

Next, a second component built-in module of the present
invention includes: an electric insulation layer; first wiring
patterns in a plurality of layers that are laminated with the
electric insulation layer being interposed therebetween; at
least one first inner via electrically connecting the first
wiring patterns in different layers with each other; a wiring
board including second wiring patterns in at least two layers,
and a through hole and/or a second inner via that electrically
connects the second wiring patterns in different layers with
each other; and at least one electronic component that is
embedded in the electric insulation layer and is mounted on
any one of the second wiring patterns. Here, at least one of
the first inner vias is present in a range that overlaps a range
in which the electronic component is present in a lamination
direction in which the first wiring patterns are laminated, and
has a height in the lamination direction that is smaller than
a height of the electronic component.

In a component built-in module that utilizes an existing
element having an electronic component mounted on a
wiring board, and has an electric insulation layer laminated
on the electronic component-mounted surface, it is possible
to decrease a height of the first inner via provided substan-
tially opposite to the electronic component in a direction
perpendicular to the lamination direction of the first wiring
pattern. As a result, even with a decreased diameter of the
via, the degradation of reliability resulting from an increase
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in the aspect ratio is prevented. Therefore, it is possible to
provide a component built-in module that has high reliability
and is suitable for high-density component-mounting.

Each of the first and second component built-in modules
preferably further includes at least one electronic component
that is mounted on any one of the first wiring patterns in the
plurality of layers, and is not embedded in the electric
insulation layer. This provides a component built-in module
that has high reliability and is suitable for mounting com-
ponents at a further higher density.

Furthermore, in each of the first and second component
built-in modules, the electric insulation layer preferably is
made of a mixture of a filler and an insulating resin. By
selecting a type of a filler, it is possible to control a heat
conductivity, a coefficient of linear expansion, a dielectric
constant, etc. of the electric insulation layer.

In this case, the filler preferably contains at least one
selected from alumina, magnesia, boron nitride, aluminum
nitride, silicon nitride, tetrafluoroethylene, and silica. This
makes it possible to provide an electric insulation layer that
is excellent in heat dissipation. In the case where alumina is
used as a filler, an advantage of low cost is achieved. The use
of magnesia as a filler provides an increase in the coefficient
of linear expansion of the electric insulation layer. In the
case where boron nitride, aluminum nitride, or silicon nitride
is used as a filler, it is possible to decrease the coefficient of
linear expansion. The use of tetrafluoroethylene or silica as
a filler provides an electric insulation layer having a low
dielectric constant.

Furthermore, the insulating resin preferably contains at
least one selected from an epoxy resin, a phenol resin, a
fluorocarbon resin, a cyanate resin, a polytetrafluoroethylene
(PTFE) resin, a poly(phenylene oxide)(PPO) resin, and a
polyphenylether (PPE) resin. By selecting an appropriate
insulating resin material, it is possible to improve a heat
resistance, an electric insulation, and high-frequency char-
acteristics.

In each of the first and second component built-in
modules, the first wiring patterns preferably are made of at
least one selected from a metal foil, a lead frame, and a
conductive resin composition. This allows a fine wiring
pattern having a low electric resistance to be formed.

In each of the first and second component built-in
modules, the electronic component preferably is a semicon-
ductor bare chip. This allows semiconductor elements to be
mounted at a higher density, and since the semiconductor is
thinner, this allows the electric insulation layer to have a
smaller thickness.

In this case, the semiconductor bare chip preferably is
mounted by flip chip bonding. This allows the semiconduc-
tor elements to be mounted at a high density.

Furthermore, in each of the first and second component
built-in modules, the first inner via preferably is made of a
via paste containing a conductive powder and a thermoset-
ting resin. This allows the electric insulation layer and the
first inner via to be cured simultaneously, thereby decreasing
the number of manufacturing steps.

Furthermore, the wiring board preferably is composed of
a ceramic substrate, a glass-epoxy substrate, or a multi-layer
substrate having an inner via connection. This configuration
allows a component built-in module to be formed using a
generally used wiring board, thereby reducing the produc-
tion cost.

Furthermore, in each of the first and second component
built-in modules, the electric insulation layer in contact with
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the electronic component and the electric insulation layer in
contact with the first inner via preferably are provided
integrally. The phrase “provided integrally” herein indicates
that the two electric insulation layers have a common
composition and are continuous seamlessly. This causes
these electric insulation layers to be provided continuously
without a boundary, thereby improving the reliability.

Furthermore, in each of the first and second component
built-in modules, a plurality of the electronic components
preferably are disposed opposite in the lamination direction
in which the first wiring patterns are laminated. This allows
electric components to be mounted at a higher density.

Furthermore, in each of the first and second component
built-in modules, the first wiring patterns preferably include
a land pattern electrically connected with the first inner via.
This increases an area capable of incorporating electronic
components, thereby allowing the same to be mounted at a
high density.

A first method for manufacturing a component built-in
module according to the present invention includes the steps
of: forming a first inner via in an electric insulation layer;
mounting an electronic component on a first wiring pattern;
and laminating the electric insulation layer and another
wiring pattern different from said first wiring pattern in this
order on a surface of the first wiring pattern on which the
electronic component is mounted so that said first wiring
pattern and the another wiring pattern, which are provided
opposite each other with the electric insulation layer being
interposed therebetween, are electrically connected through
the first inner via. Here, the electric insulation layer before
being laminated has a thickness smaller than a height of the
electronic component in a direction of the lamination.

This allows the first component built-in module of the
present invention to be manufactured readily.

In the first method, it is preferable that the another wiring
pattern is provided on a surface of another electric insulation
layer different from said electric insulation layer, and that the
another wiring pattern is connected with an inner via formed
in the another electric insulation layer. This facilitates the
handling of the another wiring pattern, and allows wiring
patterns to be laminated in multiple layers through a
decreased number of manufacturing steps.

Furthermore, in the first method the another wiring pat-
tern preferably is carried on a carrier, and the method further
includes the step of removing the carrier that is carried out
after the laminating step. This facilitates the handling of the
another wiring pattern.

Furthermore, in the first method, the another wiring
pattern preferably is a second wiring pattern exposed on a
surface of a wiring board that includes second wiring
patterns in at least two layers, including said second wiring
pattern, and a through hole and/or a second inner via that
electrically connects the second wiring patterns in different
layers with each other. This allows a generally used wiring
board having high reliability to be incorporated along with
the electronic components.

Next, a second method for manufacturing a component
built-in module according to the present invention includes
the steps of: forming a first inner via in an electric insulation
layer; preparing a wiring board including second wiring
patterns in at least two layers, and a through hole and/or a
second inner via that electrically connects the second wiring
patterns in different layers with each other; mounting an
electronic component on the second wiring pattern that is
exposed on a surface of the wiring board; and laminating the
electric insulation layer and a first wiring pattern in this
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order on the second wiring pattern on which the electronic
component is mounted, so that the second wiring pattern and
the first wiring pattern, which are provided opposite with the
electric insulation layer being interposed therebetween, are
electrically connected through the first inner via. Here, the
electric insulation layer before being laminated has a thick-
ness smaller than a height of the electronic component in a
direction of the lamination.

This allows the second component built-in module of the
present invention to be manufactured readily.

In the second method, it is preferable that the first wiring
pattern is provided on a surface of another electric insulation
layer different from said electric insulation layer, and that the
first wiring pattern is connected with an inner via formed in
the another electric insulation layer. This facilitates the
handling of the first wiring pattern, and allows wiring
patterns to be laminated in multiple layers through a
decreased number of manufacturing steps.

Furthermore, in the second method, the first wiring pat-
tern preferably is carried on a carrier, and the method further
includes the step of removing the carrier that is carried out
after the laminating step. This facilitates the handling of the
first wiring pattern.

Furthermore, in each of the first and second methods, the
electric insulation layer before being laminated has a hole
for accepting the electronic component. This suppresses the
displacement of the first inner via when the electronic
component is embedded.

In each of the first and second methods, at least a part of
the electronic component preferably is embedded in the
electric insulation layer upon the electric connection. This
allows a component built-in module of the present invention
to be manufactured readily.

Furthermore, in each of the first and second methods, the
electric insulation layer is cured upon making the electric
connection. This allows a component built-in module of the
present invention to be manufactured through a decreased
number of manufacturing steps.

Furthermore, in each of the first and second methods, it is
preferable that at least a part of the electronic component is
embedded in the electric insulation layer and the electric
insulation layer is cured upon the electric connection. This
allows a component built-in module of the present invention
to be manufactured through a decreased number of manu-
facturing steps.

Furthermore, in each of the first and second methods, the
electric insulation layer before being laminated preferably is
in a non-cured state. This allows an electric insulation layer
in contact with the electronic component and an electric
insulation layer in contact with the first inner via to be
provided integrally, thereby producing a component built-in
module of the present invention with high reliability.

Furthermore, in each of the first and second methods, it is
preferable that the another electric insulation layer has a
wiring pattern on the other surface thereof, and the wiring
pattern on the other surface is connected with the inner via
of the another electric insulation layer. This causes the inner
via formed in the another electric insulation layer to be not
exposed, thereby facilitating the handling of the another
electric insulation layer, and improving the connection reli-
ability of the inner via.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view illustrating a component
built-in module according to a first embodiment of the
present invention.
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FIGS. 2A to 2G are cross-sectional views illustrating a
process for manufacturing a component built-in module
stepwise according to a second embodiment.

FIGS. 3A to 3G are cross-sectional views illustrating a
process for manufacturing a component built-in module
stepwise according to a third embodiment.

FIG. 4 is a cross-sectional view illustrating a component
built-in module according to a fourth embodiment of the
present invention.

FIG. 5 is a cross-sectional view illustrating a component
built-in module according to a fifth embodiment of the
present invention.

FIGS. 6A to 6E are cross-sectional views illustrating a
process for manufacturing a component built-in module
stepwise according to a sixth embodiment.

FIGS. 7A to 7G are cross-sectional views illustrating a
process for manufacturing a component built-in module
stepwise according to a seventh embodiment.

FIG. 8 is a cross-sectional view illustrating a component
built-in module according to an eighth embodiment of the
present invention.

FIG. 9 is a cross-sectional view illustrating a component
built-in module according to a ninth embodiment of the
present invention.

FIG. 10 is a cross-sectional view illustrating a component
built-in module according to a tenth embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION
First Embodiment

FIG. 1 is a cross-sectional view illustrating a component
built-in module according to a first embodiment. In FIG. 1,
the component built-in module includes an electric insula-
tion layer 101, wiring patterns (first wiring pattern) 1024 and
1025, a semiconductor 103 as an electronic component, and
inner vias (first inner vias) 104 made of a via paste.

The electric insulation layer 101 may be made of, for
instance, an insulating resin, or a mixture of a filler and an
insulating resin. In the case where a mixture of a filler and
an insulating resin is used for forming the electric insulation
layer 101, the coefficient of linear expansion, the heat
conductivity, the dielectric constant, etc. of the electric
insulation layer 101 can be controlled readily by appropri-
ately selecting the filler and the insulating resin.

For instance, alumina, magnesia, boron nitride, aluminum
nitride, silicon nitride, tetrafluoroethylene (for instance,
“Teflon” (trademark of Du Pont)), or silica may be used as
a filler. By utilizing alumina, boron nitride, or aluminum
nitride, a substrate having a higher heat conductivity than
that of the conventional glass-epoxy substrate can be
produced, which dissipates heat generated by the semicon-
ductor 103 efficiently. Alumina has an advantage of low cost.
In the case where silica is used, the coefficient of linear
expansion of the electric insulation layer further approxi-
mates the coefficient of linear expansion of the silicon
semiconductor, thereby making it possible to prevent cracks,
etc., from occurring due to a temperature change. Therefore,
silica is preferable in the case of a semiconductor of a
flip-chip type that is mounted directly. Furthermore, in this
case, since an electric insulation layer with a low dielectric
constant is obtained and it has a smaller specific gravity as
well, it is preferably applied for forming a high-frequency-
use substrate for use in a cellular phone, etc. The use of
silicon nitride or tetrafluoroethylene also provides an electric
insulation layer having a low dielectric constant.
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Furthermore, the use of boron nitride provides a decrease in
the coefficient of linear expansion. The use of magnesia
provides an increase in the coefficient of linear expansion of
the electric insulation layer.

As the insulating resin, a thermosetting resin or a photo-
curable resin can be used. The use of an epoxy resin, a
phenol resin, or a cyanate resin having a high heat resistance
allows the heat resistance of the electric insulation layer to
increase. Further, the use of a resin containing a fluorocar-
bon resin, a PTFE resin, a PPO resin, or a PPE resin that has
a low dielectric dissipation factor, or a resin obtained by
denaturing any one of these resins improves high-frequency
characteristics of the electric insulation layer. Furthermore,
the insulating resin may contain a disperser, a coloring
agent, a coupling agent, or a releasing agent. The disperser
causes the filler in the insulating resin to be dispersed
uniformly. The coloring agent improves the heat dissipation
of the component built-in module. The coupling agent
allows the strength of adhesion between the insulating resin
and the filler to increase, thereby increasing the insulation of
the electric insulation layer. The releasing agent improves
the releasability of the mixture from a die, thereby improv-
ing the productivity.

The wiring patterns 102a and 10256 are made of a material
having an electric conductivity, and a metal foil, a conduc-
tive resin composition, a lead frame obtained by processing
a metal plate, etc. may be used, for instance. The use of a
metal foil or a lead frame allows fine wiring patterns to be
formed by etching or the like, thereby facilitating the for-
mation of the same. Further, in the case where a metal foil
is used, it is possible to form a wiring pattern by transferring
by means of a carrier. A copper foil is preferable particularly,
since it has low cost and has a high electric conductivity. In
the case where a wiring pattern is formed on a carrier, the
wiring pattern can be treated with ease. In the case where a
conductive resin composition is used, it is possible to form
a wiring pattern by screen printing. In the case where a
conductive resin composition is used, by using a metal
powder of gold, silver, copper, nickel, etc., or a carbon
powder, a wiring pattern with a low electric resistance can
be obtained. In the case where the conductive resin compo-
sition contains as a resin, at least one thermosetting resin
selected from epoxy resins, phenol resins, and cyanate
resins, the heat resistance can be improved. The use of the
lead frame allows a metal having a low electric resistance to
be formed thick. Furthermore, this allows easier manufac-
turing techniques such as micro-machining by etching, or
stamping to be used. In the case where lead frames are used,
a plurality of wiring patterns may be connected at periph-
eries of the lead frames, so that the wiring patterns are
handled as an integrated pattern. Furthermore, by plating
surfaces of the wiring patterns 102a and 102b, their corro-
sion resistance and electric conductivities can be improved.
Furthermore, in the case where contact surfaces of the
wiring patterns 102a and 102b with the electric insulation
layer 101 are roughened, the adhesivity thereof with the
electric insulation layer 101 can be improved. In the fol-
lowing description, among wiring patterns in a plurality of
layers (three layers in FIG. 1), a wiring pattern exposed to
the outside of the component built-in module is referred to
with a subscript “a”, hence, as “wiring pattern 1024, while
a wiring pattern embedded in the component built-in module
is referred to with a subscript “b”, hence, as “wiring pattern
102b” or “inner wiring pattern 1025”. This applies to the
descriptions of second to fourth and seventh to tenth
embodiments.

As the semiconductor 103, a semiconductor element such
as a transistor, an integrated circuit (IC), or an LSI can be
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used. The semiconductor element may be a semiconductor
bare chip. The semiconductor element may be embedded in
a manner such that the semiconductor element, or at least a
part of the semiconductor element and connecting portions
of the same with the wiring patterns 102a and 1025, is sealed
with a sealing resin. For connecting the wiring patterns 102a
and 102b with the semiconductor 103, a conductive
adhesive, an anisotropic conductive film (ACF), etc. is used
in the case of flip chip bonding. The connection may be
achieved by forming a bump 105. Furthermore, since the
electric insulation layer 101 protects the semiconductor 103
from the ambient atmosphere, it is possible to prevent the
reliability from degrading due to moisture. Furthermore, in
the case where a mixture of a filler and an insulating resin
is used as a material for the electric insulation layer 101, the
sintering process is unnecessary, unlike a ceramic substrate,
thereby making it easy to embed the semiconductor 103
therein.

The via paste for forming the inner vias 104 may be a
mixture of a conductive powder and a resin that has a
function of connecting the wiring patterns 102a and 1025 in
different layers with each other. For instance, a mixture of a
conductive powder such as a metal powder or a carbon
powder, and a thermosetting or photocurable resin may be
used. Examples of metal powders include gold, silver,
copper, and nickel. Gold, silver, copper, and nickel are
preferable since they have high conductivities. Copper par-
ticularly is preferable since it has a high conductivity and
migration of the same hardly occurs. A metal powder
obtained by coating copper with silver also satisfies both the
requirements of high conductivity and minimum migration.
Examples of thermosetting resins include epoxy resins,
phenol resins, and cyanate resins. Epoxy resins particularly
are preferable since they have high heat resistance. Further,
photocurable resins can be used.

In the present embodiment, the height of the inner vias
104 in the lamination direction of the wiring patterns 102a
and 102b (the vertical direction as viewed in FIG. 1) is
smaller than a distance from a surface of the wiring pattern
102a on which the semiconductor 103 is mounted to an
upper surface of the semiconductor 103 (more preferably,
the thickness of the semiconductor 103). It is preferable in
particular that the semiconductor 103 and the inner via 104
that is present in a range overlapping the range in which the
semiconductor 103 is present (i.e., the inner via 104 that is
provided to face the semiconductor 103 in the horizontal
direction as viewed in FIG. 1) in the foregoing direction
satisfy the foregoing requirement of relationship as to
height. The wiring patterns 102a that face each other in the
lamination direction are connected not directly by means of
one inner via, but by means of a plurality of inner vias 104
with the inner wiring patterns 1025 being interposed
therebetween, whereby the foregoing requirement of rela-
tionship as to height can be satisfied. Thus, by electrically
connecting the inner wiring patterns 1026 and the wiring
patterns 102« with the inner vias 104, a ratio of a height of
the inner vias 104 to a diameter of the same can be
decreased. In the present embodiment, since only one layer
of the inner wiring patterns 1025 is provided, the foregoing
ratio is approximately % of that in the case where the inner
wiring patterns 1025 are not provided. Consequently, con-
nection with high reliability is ensured, thereby making it
possible to provide a component built-in module suitable for
incorporating a semiconductor.

It should be noted that the present embodiment is
described by taking as an example the case where the wiring
patterns 102a on both surfaces of the component built-in



US 6,489,685 B2

9

module are not embedded inside the electric insulation layer;
however, the wiring patterns on at least one surface of the
layer may not necessarily be exposed, but may be covered
with the electric insulation layer. Besides, the present
embodiment is described by taking as an example the case
where the inner wiring patterns 1026 are in only one layer,
but the number of layers is not limited. In the case where a
plurality of layers of inner wiring patterns 1025 exist, the
inner wiring patterns 1026 in different layers also are con-
nected with the inner vias 104. The incorporated electronic
component is not limited to the semiconductor 103, which is
a so-called active component, as in the present embodiment,
but it may be another circuit component (for instance, a chip
component like an LCR (inductance, capacitance,
resistance), a surface acoustic wave (SAW) filter, or a
balun), which is a so-called passive component.

Second Embodiment

A second embodiment is an example of a method for
manufacturing a component built-in module shown in FIG.
1. Materials used for forming the component built-in module
are the same as those mentioned in the description of the first
embodiment. FIGS. 2A to 2G are cross-sectional views
illustrating the process for manufacturing a component
built-in module stepwise according to the second embodi-
ment.

First of all, an electric insulation layer 201 is formed as
shown in FIG. 2A. An example of a method forming the
electric insulation layer 201 is as described below. The
component built-in module is in a board form, and an
insulating resin, a mixture of a filler and an insulating resin,
etc. may be used for forming the electric insulation layer
201. In the latter case, a filler and an insulating resin are
mixed and stirred, so that a paste-like insulating resin
mixture is prepared. A solvent may be added to the insulat-
ing resin mixture, so as to control the viscosity. By forming
the insulating resin mixture in a sheet form, the electric
insulation layer 201 is produced. To form the mixture in a
sheet form, a technique of forming a layer of the insulating
resin mixture using a doctor blade or the like may be used.
The electric insulation layer 201 may be heated to a tem-
perature not higher than the curing temperature and dried, so
that the viscosity thereof can be decreased. Since this heat
treatment causes the viscosity of the electric insulation layer
in a plate form to be lost, the release of the same from a film
is facilitated. Besides, by making the same in a non-cured
state (B-stage), the handling of the same is facilitated. Next,
vias (via holes) 206 are formed in the plate-like electric
insulation layer. The vias 206 formed in the electric insu-
lating layer 201 may be formed by laser processing, drilling,
punching, etc. The laser processing is preferable since it
allows vias to be formed at a fine pitch, and it does not
produce shavings. In the case of laser processing, a carbon
gas laser, a YAG laser, an excimer laser, etc. can be used.
Furthermore, in the case of drilling or punching, vias can be
formed with general-purpose existing equipment.

Next, the vias 206 are filled with a via paste 204, as shown
in FIG. 2B. To fill the via paste 204, a technique such as
printing or injecting can be used. In the case of printing,
particularly, wiring patterns can be formed simultaneously.
With the via paste 204, the wiring patterns in a plurality of
layers can be connected.

Next, as shown in FIG. 2C, wiring patterns 202a and 2026
are formed on carriers 207. The wiring patterns 202a and
202p are formed by etching, printing, etc. In the case where
etching is used, particularly, a technique for forming fine
wiring patterns, such as photolithography, may be used.
Examples of materials used for forming the carriers 207
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include metal foils such as a copper foil and an aluminum
foil, in addition to resin films such as films made of
polyethylene terephthalate (PET), polyphenylene sulfide
(PPS), etc. The use of the carriers 207 facilitates the han-
dling of the wiring patterns 202a and 202b. Furthermore,
releasing layers may be provided between the carriers 207
and the wiring patterns 202a and 202b, or alternatively, a
treatment for providing releasability may be applied to
surfaces of the carriers 207, so that the wiring patterns 202a
and 202b can be separated therefrom readily. The wiring
patterns 202a and 20256 thus formed are aligned with the
electric insulation layer 201, and laminated thereon. By
pressing the same, the wiring patterns 202a and 202b can be
transferred onto the electric insulation layer 201.

As shown in FIG. 2D, by separating the carriers 207 after
the pressing, the wiring patterns 202a and 202b are trans-
ferred onto both of the surfaces of the electric insulation
layer 201, respectively, and are left thereon. In the case
where a thermosetting resin is used as the insulating resin,
this process is carried out at a temperature not higher than
the curing temperature of the thermosetting resin in the
electric insulation layer 201, or in a period of time not longer
than a period in which the thermosetting resin is cured. By
doing so, the wiring patterns 202a and 202b can be formed
in the electric insulation layer 201 in a non-cured state. By
forming the wiring patterns 2025, a ratio of a height of the
via paste 204 to a diameter thereof can be decreased, thereby
achieving the improvement of reliability and the reduction
of the diameter of the via.

In parallel with the foregoing process, as shown in FIG.
2E, another member is formed by providing wiring patterns
2024 on a carrier 207. Then, on the wiring patterns 202a, a
semiconductor 203 is mounted. As a mounting technique, a
soldering technique of printing a cream-type solder on the
wiring patterns 202a and heating is used. Alternatively, a
method utilizing ACF, a conductive adhesive (for instance,
an adhesive obtained by kneading gold, silver, a copper,
silver-palladium alloy, etc. with a thermosetting resin) in
place of the cream-type solder may be used. Furthermore,
alternatively, a bump 205 formed by gold wire bonding, or
a bump formed by soldering, may be formed on the semi-
conductor 203 side, and the semiconductor 203 may be
mounted by melting the gold or the solder by applying a heat
treatment. Furthermore, alternatively, the bump 205 and the
conductive adhesive may be used in combination. It should
be noted that a sealing resin may be injected between the
semiconductor 203 and the wiring pattern 202a. By injecting
a sealing resin, it is possible to prevent a gap from being
formed between the semiconductor 203 and the wiring
patterns 202a when the semiconductor 203 is embedded in
the electric insulation layer 201 in a later step. An underfill
resin used for ordinary flip chip bonding can be used as the
sealing resin.

Subsequently, as shown in FIG. 2F, the electric insulation
layer 201 shown in FIG. 2D on which the wiring patterns
2024 and 202b are provided, an electric insulation layer 201
as shown in FIG. 2B, and the carrier 207 provided with the
wiring patterns 202a on which the semiconductor 203 is
mounted as shown in FIG. 2E are aligned and laminated.

By pressing and heating the same, the wiring patterns
202a and 202b and the semiconductor 203 are embedded in
the electric insulation layer 201, as shown in FIG. 2G. In the
case where a thermosetting resin is used as an insulating
resin, the thermosetting resin in the electric insulation layer
201 is cured by heating after pressing, whereby the electric
insulation layer 201 in which the semiconductor 203 is
embedded can be formed in a plate form. The heat treatment
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is carried out at a temperature not lower than the temperature
at which the thermosetting resin is cured. The foregoing
process provides firm mechanical bonding of the wiring
patterns 202a and 202b, the semiconductor 203, and the
electric insulation layer 201. It should be noted that the
mechanical strength of the component built-in module is
increased by heating the same while being subjected to a
pressure of 100 g/mm? to 2 kg/mm* when the thermosetting
resin is cured by heat application. By removing the carrier
207 after curing the electric insulation layer 201, a compo-
nent built-in module described as the first embodiment, in
which the wiring patterns 2026 and the semiconductor 203
are embedded in the electric insulation layers 201, is
obtained.

In FIG. 2F, the thickness of the lower electric insulation
layer 201 among the two electric insulation layers 201 is
smaller than a distance from a surface of the wiring pattern
202a on which the semiconductor 203 is mounted to an
upper surface of the semiconductor 203 (more preferably,
the thickness of the semiconductor 203). This configuration
allows the aspect ratio of the via paste 204 to decrease.

It should be noted that the present embodiment is
described by taking as an example a case where the wiring
patterns 202a and 202b are formed by transferring, but the
method for forming the wiring patterns is not limited to this.
Third Embodiment

A third embodiment is an example of a method for
producing a component built-in module. FIGS. 3A to 3G are
cross-sectional views illustrating the process for manufac-
turing a component built-in module stepwise according to
the third embodiment. The members shown in the drawing
that are referred to with the same names as those in the
second embodiment have the same structures, are produced
by the same methods, and have the same functions, as those
in the second embodiment unless otherwise specified.

As shown in FIG. 3A, in an electric insulation layer 301
that is like that shown in FIG. 2A, a hole 308 for incorpo-
rating a semiconductor is formed beforehand, in addition to
vias 306. By forming the hole 308, it is possible to prevent
the vias 306 from being displaced when a semiconductor
303 is embedded in the electric insulation layer 301.

Next, as shown in FIG. 3B, a via paste 304 is filled in the
vias 306.

In parallel with the steps shown in FIGS. 3A and 3B,
wiring patterns 302a are formed on a carrier 307, and the
semiconductor 303 is mounted on the wiring patterns 3024,
as shown in FIG. 3C. As the mounting method, a mounting
technique by means of solder, ACF, or a non-conductive
particle film (NCF) may be used, or alternatively, a tech-
nique utilizing a conductive adhesive 305 may be used.
Examples of the conductive adhesive 305 include, for
instance, adhesives obtained by kneading gold, silver, a
copper, silver-palladium alloy, etc. with a thermosetting
resin. Furthermore, the adhesivity may be improved by
subjecting the wiring patterns 302a and the semiconductor
303 to chelation. It should be noted that a sealing resin may
be injected between the semiconductor 303 and the wiring
patterns 302a. By injecting a sealing resin, it is possible to
prevent a gap from being formed between the semiconductor
303 and the wiring pattern 3024 when the semiconductor
303 is embedded in the electric insulation layer 301 in a later
step. An underfill resin used for ordinary flip chip bonding
can be used as the sealing resin. The conductive adhesive
305 can be cured by heating, but in this step, it may remain
in the non-cured state.

Subsequently, as shown in FIG. 3D, a carrier 307 that has
been produced separately so as to be provided with wiring
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patterns 3026 and have an opening at a position correspond-
ing to the semiconductor 303, the electric insulation layer
301 shown in FIG. 3B, and the carrier 307 provided with the
wiring patterns 302a on which the semiconductor 303 is
mounted as shown in FIG. 3C are aligned and laminated.
Here, the thickness of the electric insulation layer 301 is
smaller than a distance from the surface of the wiring pattern
3024 on which the semiconductor 303 is mounted to an
upper surface of the semiconductor 303 (more preferably,
the thickness of the semiconductor 303).

After laminating, a pressure is applied so that the wiring
patterns 302a and 3026 and the semiconductor 303 are
embedded in the electric insulation layer 301. Such embed-
ding is achieved possibly even in the case where the electric
insulation layer 301 has a thickness smaller than a height of
the semiconductor 303, since the carrier 307 provided with
the wiring patterns 302b has an opening and a desired
thickness. In this step, the electric insulation layer 301 may
be cured. In the case where a thermosetting resin is used as
the insulating resin, the heat application after pressing
causes the thermosetting resin in the electric insulation layer
301 to be cured, thereby providing the electric insulation
layer 301 in a plate form in which the semiconductor 303
and the via paste 304 are embedded. The heat treatment is
carried out at a temperature not lower than the temperature
at which the thermosetting resin is cured. The foregoing
process provides firm mechanical bonding of the wiring
patterns 302a and 302b, the semiconductor 303, the via
paste 304, and the electric insulation layer 301. It should be
noted that the mechanical strength of the component built-in
module is increased by heating the same while subjected to
a pressure of 100 g/mm? to 2 kg/mm?* when the thermoset-
ting resin is cured by heat application. The process of curing
the electric insulation layer 301 also causes the conductive
adhesive 305 to be cured simultaneously. The simultaneous
curing provides a decrease in the number of the processing
steps, and a decrease in the heat quantity applied to the
semiconductor 303 and the like, thereby preventing the
characteristics of the semiconductor 303 from degrading.
Subsequently, the carrier 307 on the wiring pattern 302b side
is separated and removed.

Subsequently, as shown in FIG. 3F, the electric insulation
layer 301 shown in FIG. 3E, another electric insulation layer
301 identical to that shown in FIG. 2B, and the carrier 307
provided with the wiring patterns 302a are aligned and
laminated.

After laminating, the electric insulation layer 301 is cured,
as in the step shown in FIG. 3E. Thereafter, the carriers 307
on both of the surfaces are removed, whereby a component
built-in module is obtained in which the wiring patterns
3024 and 302b, the semiconductor 303, and the via paste 304
are embedded in the electric insulation layers 301.

Fourth Embodiment

A fourth embodiment is another example of a component
built-in module. FIG. 4 is a cross-sectional view illustrating
a component built-in module according the present embodi-
ment. The members shown in the drawing that are referred
to with the same names as those in the first embodiment have
the same structures, are produced by the same methods, and
have the same functions, as those in the first embodiment
unless otherwise specified.

In FIG. 4, the component built-in module includes an
electric insulation layer 401, wiring patterns (first wiring
patterns) 402a and 402b, semiconductors 403 as electronic
components, inner vias (first inner vias) 404 made of a via
paste, and circuit components 406 as electronic components.

In the present embodiment, the circuit components 406
are embedded in the electric insulation layer 401. By embed-
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ding the circuit components 406, it is possible to improve the
function of the component built-in module. Further, it also
is possible to shorten the wiring length, and hence, it is
suitable for high frequencies.

Components such as chip components like an LCR, a
SAW filter, a balun, etc. can be used as the circuit compo-
nents 406. For connecting the wiring patterns 402a and 4025
with the circuit components 406, a solder 407 or a conduc-
tive adhesive can be used. Furthermore, the electric insula-
tion layer 401 serves to protect the circuit components 406
from the external atmosphere, thereby preventing the deg-
radation of reliability due to moisture. Moreover, in the case
where a mixture of a filler and an insulating resin is used as
a material for forming the electric insulating layer 401, the
sintering step at a high temperature is unnecessary, unlike
the case of a ceramic substrate. This makes it possible to
embed discrete circuit components 406 therein.

Furthermore, the semiconductors 403 and the circuit
components 406 embedded in the electric insulation layer
401 are disposed so as to face each other in the direction in
which the wiring patterns 402a and 402b are laminated
(thickness direction). This configuration allows an increase
in the number of components to be built in, thereby enabling
higher-density component-mounting.

Furthermore, the semiconductors 403 and the circuit
components 406 are mounted on the wiring patterns 402 that
are exposed on external surfaces. The semiconductors 403
are mounted thereon with bumps 405 being provided ther-
ebetween. The circuit components 406 are mounted with the
solder 407. Alternatively, a conductive adhesive is usable for
mounting the semiconductors 403 and the circuit compo-
nents 406. By providing electric connection by means of the
inner vias 404 made of a via paste, the semiconductors 403
and the circuit components 406 can be mounted throughout
an entirety of external surfaces at a high density.

In the present embodiment, the height of the inner vias
404 in the lamination direction of the wiring patterns 402a
and 402b (the vertical direction as viewed in FIG. 4) is
smaller than a distance from surfaces of the wiring patterns
402a on which the semiconductor 403 or the circuit com-
ponent 406 in the electric insulation layer 401 are mounted
to an upper surface of the foregoing semiconductor 403 or
the foregoing circuit component 406 (more preferably, the
thickness of the foregoing semiconductor 403 or the fore-
going circuit component 406). It is preferable in particular
that the semiconductor 403 or the circuit component in the
electric insulation layer 401, and the inner via 404 that exists
in a range overlapping the range in which the semiconductor
403 or the circuit component 406 exists (i.c., the inner via
404 that is provided to face the semiconductor 403 or the
circuit component 406 in the horizontal direction as viewed
in FIG. 1) in the foregoing direction satisfy the foregoing
requirement of relationship as to height. The wiring patterns
402a that face each other in the lamination direction are
connected not directly by means of one inner via, but by
means of a plurality of inner vias 404 with the inner wiring
patterns 402b being interposed therebetween, whereby the
foregoing relationship as to the height can be satisfied. Thus,
by electrically connecting the inner wiring patterns 402b and
the wiring patterns 4024, or the inner wiring patterns 4025
in different layers with each other, by means of the inner vias
404, a ratio of a height of each inner via 404 to a diameter
of the same can be decreased. In the present embodiment,
since two layers of the inner wiring patterns 402b are
provided, the foregoing ratio of the height of the inner via
404 to the diameter thereof is approximately Y5 of that in the
case where the inner wiring patterns 402b are not provided.
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Consequently, connection with high reliability is ensured,
while the via diameter is decreased, thereby making it
possible to provide a component built-in module suitable for
incorporating a semiconductor.

It should be noted that the present embodiment is
described by taking as an example a case where semicon-
ductors and circuit components are mounted on only the
wiring patterns 402a that are exposed on a surface on one
side, but they may be mounted on the wiring patterns 402a
on both sides.

Fifth Embodiment

A fifth embodiment is still another example of a compo-
nent built-in module. FIG. 5 is a cross-sectional view
illustrating a component built-in module according the
present embodiment. The members shown in the drawing
that are referred to with the same names as those in the first
embodiment have the same structures, are produced by the
same methods, and have the same functions, as those in the
first embodiment unless otherwise specified.

In FIG. 5, the component built-in module includes an
electric insulation layer 501, wiring patterns (first wiring
patterns) 502a, a semiconductor 503 as an electronic
component, inner vias (first inner vias) 504 made of a via
paste, a circuit component 506 as an electronic component,
and a wiring board 508. The semiconductor 503 and the
circuit component 506 are connected via bumps 505 and via
solder 507, respectively, with the wiring patterns 502a.

In the present embodiment, the wiring board 508 is
covered with an electric insulation layer 501. As the wiring
board 508, a glass-epoxy substrate, a ceramic substrate, or a
multi-layer substrate having inner via connection (for
instance, a built-up board, “ALIVH” (trademark of Mat-
sushita Electric Industrial Co., Ltd.)) can be used. The
wiring board 508 includes wiring patterns (second wiring
patterns) 502b in at least two layers, and through holes 509
that connect the second wiring patterns 502b in different
layers with each other. By utilizing the wiring board 508
provided with the through holes 509, it is possible to utilize
existing reliable electric connection, thereby providing a
component built-in module suitable for incorporating a
semiconductor. Furthermore, a generally used wiring board
can be used. By connecting the first wiring pattern 502a with
the second wiring pattern 502b on a top surface layer of the
wiring board 508 by means of the inner via 504 over the
electric insulation layer 501, a semiconductor and a circuit
component can be mounted on surfaces of the wiring
patterns 502a (see the fourth embodiment). As a result, a
component built-in module suitable for high densification
can be provided.

It should be noted that, though the present embodiment is
described by taking as an example a case where both of the
surfaces of the wiring board are covered with the electric
insulation layer 501, only one of the surfaces thereof may be
covered.

Furthermore, though the present embodiment is described
by taking as an example a case where the wiring board 508
provided with through holes 509 is incorporated, a wiring
board provided with inner vias (second inner vias) may be
used instead.

Sixth Embodiment

A sixth embodiment is an example of a method for
producing the component built-in module shown in FIG. 5.
FIGS. 6A to 6E are cross-sectional views illustrating the
process for manufacturing a component built-in module
stepwise according to the sixth embodiment. The members
shown in the drawing that are referred to with the same
names as those in the first through fifth embodiments have
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the same structures, are produced by the same methods, and
have the same functions, as those in the first through fifth
embodiments unless otherwise specified.

The steps shown in FIGS. 6A, 6B, and 6C are the same
as those shown in FIGS. 2A, 2B, and 2E, respectively. As
shown in FIG. 6A, vias 606 are formed in an electric
insulation layer 601, and a via paste 604 is filled in the vias
606, as shown in FIG. 6B. Here, the electric insulation layer
601 is in a non-cured state. In parallel with this, a semicon-
ductor 603 is mounted on wiring patterns (first wiring
patterns) 602a formed on a carrier 607 with bumps 605
being provided therebetween, as shown in FIG. 6C.

Furthermore, apart from this, the following are prepared,
as shown in FIG. 6D: a carrier 607 provided with wiring
patterns (first wiring patterns) 6022 on which a circuit
component 608 is mounted using a cream-type solder 609;
a wiring board 610 that includes wiring patterns (second
wiring patterns) 602b in a plurality of layers, through holes
611 for connecting them, and a hole 612 for incorporating
the semiconductor 603 and the circuit component 608; and
an electric insulation material 614 in a non-cured state for
filling the hole 612 in the wiring board 610. As the electric
insulation material 614, the same material that is used for the
electric insulation layer 601 can be used. Then, as shown in
FIG. 6D, the carrier 607 provided with the wiring patterns
602a on which the circuit component 608 is mounted, the
electric insulation layer 601 as shown in FIG. 6B, the
electric insulation material 614, the electric insulation layer
601 as shown in FIG. 6B, and the carrier 607 provided with
the wiring patterns 602a on which the semiconductor 603 is
mounted as shown in FIG. 6C are aligned and laminated in
the stated order from above. By pressing and heating, these
members are integrated and cured. At the same time, the first
wiring patterns 602a and the second wiring patterns 6025
are connected electrically through the via paste 604. Here,
the thickness of the electric insulation layer 601 on the upper
side among the two electric insulation layers 601 shown in
FIG. 6D is smaller than the height of the circuit component
608. Furthermore, the thickness of the other electric insu-
lation layer 601 on the lower side in FIG. 6D is smaller than
the height of the semiconductor 603.

Thereafter, the carriers 607 on both of the surfaces are
removed, whereby a component built-in module shown in
FIG. 6E is obtained. This allows semiconductors and circuit
components to be mounted on the wiring patterns 602a
exposed to the external surfaces (see the fourth
embodiment), thereby providing a component built-in mod-
ule suitable for high densification. Furthermore, a compo-
nent built-in module is provided by utilizing the through
holes 611, which are highly reliable.

Seventh Embodiment

A seventh embodiment is an example of a method for
producing the component built-in module. FIGS. 7A to 7G
are cross-sectional views illustrating the process for manu-
facturing a component built-in module stepwise according to
the seventh embodiment. The members shown in the draw-
ing that are referred to with the same names as those in the
first through sixth embodiments have the same structures,
are produced by the same methods, and have the same
functions, as those in the first through sixth embodiments
unless otherwise specified.

First of all, an electric insulation layer 701 is prepared, as
shown in FIG. 7A. An example of a method for producing
the electric insulation layer 701 is described as follows. A
component built-in module takes a board form, and the
electric insulation layer 701 may be made of an insulating
resin, a mixture of a filler and an insulating resin, or the like.

10

15

20

25

30

35

40

45

50

55

60

65

18

16

It may contain a reinforcing material such as a glass cloth or
an unwoven fabric. The electric insulation layer 701 nor-
mally may have a thickness of not more than 500 um per one
layer, and a 200 um thick sheet is used in the present
embodiment. Next, vias 708 are formed in the plate-like
electric insulation layer 701. Not more than 1 mm is
appropriate as a diameter of the vias 708, and it is necessary
to select the diameter according to the thickness of the
electric insulation layer 701. In the present embodiment, the
diameter is set to 200 um.

Next, as shown in FIG. 7B, a via paste 704 is filled in the
vias 708.

Next, as shown in FIG. 7C, wiring patterns 702b are
formed on carriers 709. On both surfaces of the electric
insulation layer 701 in the state shown in FIG. 7B, the
carriers 709 provided with the wiring patterns 702b are
aligned and laminated.

As shown in FIG. 7D, the carriers 709 are removed after
pressing, so that the electric insulation layer 701 provided
with the wiring patterns 7026 on both of its surfaces is
obtained. Through this process, the wiring patterns 702b are
transferred onto the electric insulation layer 701, and the
wiring patterns 702b on both sides are connected electrically
through the via paste 704. By laminating the wiring patterns
702b on both of the opposed surfaces of the via paste 704,
it is possible to handle the electric insulation layer 701 in a
state in which the via paste 704 is not exposed. The
transferring of the wiring patterns 702b is carried out under
a condition in which the curing of the electric insulation
layer 701 is not completed. The condition in which the
curing is not completed means at a temperature not lower
than the temperature at which the insulating resin is cured
and a period of time not longer than that required for curing
(180° C.x5 min), or at a temperature not higher than the
curing temperature. By forming the wiring patterns 702b, a
ratio of a height of the via paste 704 to a diameter thereof can
be decreased, thereby improving reliability and reducing the
diameter of the via.

In parallel with the foregoing process, two members are
prepared by providing wiring patterns 702« on a carrier 709
for each member. Then, a semiconductor 703 and a circuit
component 706 are provided on the wiring patterns 702a on
the two members, respectively. As a method for mounting
the circuit component 706, a soldering technique of printing
a cream-type solder 707 on the wiring patterns 702a and
heating the same can be used. Alternatively, a conductive
adhesive may be used. Usable as a method for mounting the
semiconductor 703, are flip chip bonding utilizing ACF,
NCF, a non-conductive particle paste (NCP), gold-gold
junction, or stud bumps, and soldering of a real-chip-size-
package (R-CSP). In the present embodiment, stud bumps
705 are used. It should be noted that a sealing resin 710 may
be injected between the semiconductor 703 and the wiring
pattern 702a. By injecting the sealing resin 710, it is possible
to prevent a gap from being formed between the semicon-
ductor 703 and the wiring patterns 702a when the semicon-
ductor 703 is embedded in the electric insulation layer 701
in a later step. An underfill resin used for ordinary flip chip
bonding can be used as the sealing resin 710. An effect of
preventing the semiconductor 703 from being damaged and
improving the reliability can be expected with the use of the
sealing resin 710. By mounting the semiconductor 703 and
the circuit component 706 on the wiring pattern 702a on
different members, respectively, it is possible to apply dif-
ferent mounting processes (for instance, the soldering and
the flip chip bonding). Furthermore, in the case where an
R-CSP is used as the semiconductor 703, the same mounting
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process is applied for mounting the semiconductor 703 and
the circuit component 706, thereby facilitating the mounting
of the same onto the same wiring patterns 702a.

Thereafter, two electric insulation layers 701 filled with
the via paste 704 are produced in the same manner through
the steps shown in FIGS. 7A and 7B. In the electric
insulation layers 701, holes 712 are formed for incorporating
the circuit component 706 and the semiconductor 703,
respectively. Then, as shown in FIG. 7F, the carrier 709
provided with the wiring patterns 702a on which the circuit
component 706 is mounted as shown in FIG. 7E, the electric
insulation layer 701 having the hole 712, the electric insu-
lation layer 701 having the wiring patterns 7025 on both
surfaces thereof as shown in FIG. 7D, the electric insulation
layer 701 having the hole 712, and the carrier 709 provided
with the wiring patterns 702a on which the semiconductor
703 is mounted as shown in FIG. 7E, are aligned and
laminated in the stated order from above. Here, the thickness
of the electric insulation layer 701 at the top among the three
electric insulation layers 701 shown in FIG. 7F is smaller
than the height of the circuit component 706. Furthermore,
the thickness of the electric insulation layer 701 at the
bottom in FIG. 7F is smaller than the height of the semi-
conductor 703.

By pressing and heating, the semiconductor 703 and the
circuit component 706 are embedded in the electric insula-
tion layers 701, and the electric insulation layers 701 are
integrated. Unlike the method according to the sixth
embodiment in which the hole 612 is provided in the wiring
board 610 so as to incorporate the semiconductor and the
circuit component therein, the semiconductor and the circuit
component to be embedded can be disposed at any desired
positions. By heating after pressing, the electric insulation
layers 701 are cured. After curing, the carriers 709 are
removed, thereby providing a component built-in module
that has the wiring patterns 702a on surfaces thereof, that
contains the inner wiring patterns 702b, the semiconductor
703, and the circuit component 706, and that has a decreased
aspect ratio of the inner via (via paste) 704 because of the
wiring patterns 702b.

Thereafter, other semiconductors and circuit components
are mounted on the wiring patterns 702a on the surfaces,
whereby a component built-in module shown in FIG. 4 is
obtained.

Eighth Embodiment

An eighth embodiment is still another example of a
component built-in module. FIG. 8 is a cross-sectional view
illustrating a component built-in module according the
present embodiment. The members shown in the drawing
that are referred to with the same names as those in the first
through seventh embodiments have the same structures, are
produced by the same methods, and have the same
functions, as those in the first through seventh embodiments
unless otherwise specified.

In FIG. 8, the component built-in module includes an
electric insulation layer 801, wiring patterns 802« and 8025,
a semiconductor 803 as an electronic component, inner vias
804 made of a via paste, and a circuit component 806 as an
electronic component. The semiconductor 803 and the cir-
cuit component 806 are connected via bumps 805 and via
solder 807, respectively, with the wiring patterns 802a.
Junction portions between the semiconductor 803 and the
wiring patterns 8024 are protected with a sealing resin 808.

In the present embodiment, the semiconductor 803 and
the circuit component 806 are embedded in the electric
insulation layer 801. An electric insulation layer in contact
with the semiconductor 803 and the circuit component 806,
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and an electric insulation layer in contact with the inner vias
804 are formed integrally. By thus providing the same
integrally, the semiconductor 803, the circuit component
806, and the inner wiring patterns 802b can be disposed at
any desired positions in the electric insulation layers 801.
Here, in the case where the inner wiring patterns 802b are
limited to land patterns, regions allowed to contain the
semiconductor 803 and the circuit component 806 are
maximized, whereby a higher-density component built-in
module can be provided. Here, the “land patterns” refers to
wiring patterns that are connected with only the inner vias
804 positioned on upper or lower sides of the same, and that
are insulated in the horizontal directions.

Ninth Embodiment

A ninth embodiment is still another example of a com-
ponent built-in module. FIG. 9 is a cross-sectional view
illustrating a component built-in module according the
present embodiment. The members shown in the drawing
that are referred to with the same names as those in the first
through eighth embodiments have the same structures, are
produced by the same methods, and have the same
functions, as those in the first through eighth embodiments
unless otherwise specified.

In FIG. 9, the component built-in module includes an
electric insulation layer 901, wiring patterns 902a and 902b,
a semiconductor 903 as an electronic component, inner vias
904, and a circuit component 906 as an electronic compo-
nent. The semiconductor 903 is connected via bumps 905
with the inner wiring patterns 902b, and the circuit compo-
nent 906 is connected via solder 907 with the wiring patterns
9024.

In the present embodiment, the wiring patterns on which
the semiconductor 903 is mounted are the inner wiring
patterns 9025 formed inside the electric insulation layer 901.
It also is possible to mount the circuit component 906 on the
inner wiring patterns 906b. By mounting the electronic
components such as the semiconductor 903 and the circuit
component 906 on the inner wiring patterns 902b, a circuitry
with the shortest wirings is provided, and this allows the
module to be formed in a smaller size.

To mount an electronic component on the inner wiring
patterns 902b as in the present embodiment, for instance, in
the producing method of the second embodiment (FIGS. 2A
to 2G), the electric insulation layer 201 shown in FIG. 2B
and the carrier 207 provided with the wiring patterns as
shown in FIG. 2C may be laminated on a lower surface of
the component built-in module as shown in FIG. 2G.

Alternatively, an electric insulation layer having wiring
patterns on both surfaces thereof that are connected inner
vias and having an electronic component mounted on the
wiring patterns on one of the surfaces may be used in place
of an electronic component-mounted matter shown in FIG.
2E, and subjected to the same process as that according to
the second embodiment. Further alternatively, the foregoing
electric insulation layer may be used in place of an electronic
component-mounted matter shown in FIG. 3C, and sub-
jected to the same process as that according to the third
embodiment.

Tenth Embodiment

A tenth embodiment is still another example of a com-
ponent built-in module. FIG. 10 is a cross-sectional view
illustrating a component built-in module according the
present embodiment. The members shown in the drawing
that are referred to with the same names as those in the first
through ninth embodiments have the same structures, are
produced by the same methods, and have the same
functions, as those in the first through ninth embodiments
unless otherwise specified.
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In FIG. 10, the component built-in module includes an
electric insulation layer 1001, wiring patterns (first wiring
patterns) 10022 and 1002b, a semiconductor 1003 as an
electronic component, inner vias (first inner vias) 1004, a
circuit component 1006 as an electronic component, and a
wiring board 1008. The wiring board 1008 includes wiring
patterns (second wiring patterns) 1002¢ in at least two
layers, and through holes 1009 that connect the second
wiring patterns 1002¢ in different layers with each other. The
semiconductor 1003 and the circuit component 1006 are
connected via bumps 1005 and via solder 1007, respectively,
with the wiring patterns 1002¢ on surfaces of the wiring
board 1008.

In the present embodiment, the wiring patterns 1002¢ on
which the semiconductor 1003 and the circuit component
1006 are mounted are the inner wiring patterns 1002c¢
formed on the wiring board 1008. An existing module
structure obtained by mounting electronic components such
as the semiconductor 1003 and the circuit component 1006
on external surfaces of the wiring board 1008 is used. Then,
the semiconductor 1003 and the circuit component 1006 are
embedded in the electric insulation layer 1001, so that other
electronic components such as semiconductors 1003 and
circuit components 1006 may be mounted on the wiring
patterns 1002a formed on surfaces of the electric insulation
layer 1001. By doing so, it is possible to mount components
on a module at a higher density.

The component built-in module according to the present
embodiment can be produced by using the wiring board
1008 having electronic components mounted on the wiring
patterns 1002¢ on its surfaces in place of the component-
mounted matter shown in FIG. 2E and subjecting the same
to the same process as that according to the second
embodiment, or alternatively, by using the same in place of
the component-mounted matter shown in FIG. 3C and
subjecting the same to the same process as that according to
the third embodiment.

EXAMPLES

The following description will depict specific examples of
the present invention.

Example 1

The following description will depict an example of the
results of an experiment as to the dependency of the reli-
ability of a component built-in module of the present inven-
tion on the aspect ratio of an inner via (the ratio of the height
of a via to the diameter thereof).

In the present example, component built-in modules were
produced so as to have via diameters, via heights, and the
numbers of inner wiring pattern layers shown in Table 1
below.

In the example, a sheet-form electric insulation layer
made of silica and an epoxy resin as a filler and an insulating
resin, respectively, was used. The electric insulation layer
had a thickness of 800 um in the case where the number of
the inner wiring pattern layer=0, or 400 um in the case where
the number of the inner wiring pattern layer=1, so that in
both cases, the total thickness was 800 um.

First of all, a plurality of vias were formed in the electric
insulation layer in a non-cured state (B-stage) using a
puncher. The via diameters were as shown in Table 1. After
forming the vias, a via paste (a mixture composition of silver
particles, epoxy-phenol resin, and a curing agent) was filled
in the vias.

In parallel with the foregoing process, wiring patterns
were formed by exposing, developing, and etching a copper
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foil formed on a carrier (film). A semiconductor bare chip
(thickness: 500 ym) was mounted on the wiring patterns
using solder bumps.

After mounting the semiconductor, the wiring patterns (on
which the semiconductor had been mounted), the electric
insulation layer, and wiring patterns (on which no semicon-
ductor had been mounted) were aligned and laminated, and
the electric insulation layer was cured by pressing at a
pressure of 6 MN while heating the same at 170° C. for one
hour. At the same time, the via paste was cured, so that
electric connection between the wiring patterns (between
wiring patterns and inner wiring patterns in the case where
inner wiring patterns are provided) was achieved. In the case
of samples provided with inner wiring patterns, an electric
insulation layer provided with wiring patterns on both
surfaces thereof was interposed between the foregoing elec-
tric insulation layer and the wiring patterns upon lamination.

After curing the electric insulation layer, the carrier was
removed, whereby a component built-in module was
obtained.

To evaluate the reliability of the component built-in
modules produced according to the present example, a
solder reflowing test was carried out. In the solder reflowing
test, a belt-type reflowing tester was used, and a cycle
composed of a step of maintaining a sample at the highest
temperature of 260° C. for 10 seconds and a step of cooling
the same to normal temperature was repeated ten times.
Resistances of each inner via were measured before and
after the solder reflowing test, and inner vias whose resis-
tances changed 50% or more with respect to the resistances
before the test were determined as “defective”. Ratios of
such defective inner vias are shown in Table 1 as defective
via ratios.

TABLE 1

Sample No. 1 2 3 4 5 6 7 8
Via Diameter 100 100 200 200 400 400 800 800
(pem)

Via Height 800 400 800 400 800 400 800 400
(pem)

Number of 0 1 0 1 0 1 0 1
Inner Wiring

Pattern Layers

Defective Via 88 24 62 31 3.7 0.1 0.2 0.0

Ratio (%)

As shown in Table 1, it was found that the ratio of a via
height to a via diameter influences the reliability of a
component built-in module, and that the use of inner wiring
pattern layers allows high reliability to be obtained even
with the same via diameter.

The invention may be embodied in other forms without
departing from the spirit or essential characteristics thereof.
The embodiments disclosed in this application are to be
considered in all respects as illustrative and not limiting. The
scope of the invention is indicated by the appended claims
rather than by the foregoing description, and all changes
which come within the meaning and range of equivalency of
the claims are intended to be embraced therein.

What is claimed is:

1. A component built-in module comprising:

an electric insulation layer;

first wiring patterns in a plurality of layers that are

laminated with the electric insulation layer being inter-
posed therebetween;

at least one first inner via electrically connecting the first

wiring patterns in different layers with each other; and
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at least one electronic component that is embedded in the
electric insulation layer and is mounted on any one of
the first wiring patterns in the plurality of layers,

wherein at least one of the first inner vias is present in a
range that overlaps a range in which the electronic
component is present in a lamination direction in which
the first wiring patterns are laminated, and has a height
in the lamination direction that is smaller than a height
of the electronic component.
2. The component built-in module according to claim 1,
further comprising a wiring board including second wiring
patterns in at least two layers, and a through hole and/or a
second inner via that electrically connects the second wiring
patterns in different layers with each other,
wherein:
the wiring board is embedded inside the electric insu-
lation layer; and

any one of the first wiring patterns in the plurality of
layers and the second wiring pattern are connected
electrically through an inner via.

3. The component built-in module according to claim 1,
further comprising at least one electronic component that is
mounted on any one of the first wiring patterns in the
plurality of layers, and is not embedded in the electric
insulation layer.

4. The component built-in module according to claim 1,
wherein the electric insulation layer is made of a mixture of
a filler and an insulating resin.

5. The component built-in module according to claim 1,
wherein the first wiring patterns are made of at least one
selected from a metal foil, a lead frame, and a conductive
resin composition.

6. The component built-in module according to claim 1,
wherein the electronic component is a semiconductor bare
chip.

7. The component built-in module according to claim 1,
wherein the first inner via is made of a via paste containing
a conductive powder and a thermosetting resin.

8. The component built-in module according to claim 1,
wherein the electric insulation layer in contact with the
electronic component and the electric insulation layer in
contact with the first inner via are provided integrally.

9. The component built-in module according to claim 1,
wherein a plurality of the electronic components are dis-
posed opposite each other in the lamination direction in
which the first wiring patterns are laminated.

10. The component built-in module according claim 1,
wherein the first wiring patterns include land patterns elec-
trically connected with the first inner via.

11. The component built-in module according to claim 2,
wherein the wiring board is composed of a ceramic
substrate, a glass-epoxy substrate, or a multi-layer substrate
having inner via connection.

12. The component built-in module according to claim 4,
wherein the filler contains at least one selected from
alumina, magnesia, boron nitride, aluminum nitride, silicon
nitride, tetrafluoroethylene, and silica.

13. The component built-in module according to claim 4,
wherein the insulating resin contains at least one selected
from an epoxy resin, a phenol resin, a fluorocarbon resin, a
cyanate resin, a PTFE resin, a PPO resin, and a PPE resin.
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14. The component built-in module according to claim 6,
wherein the semiconductor bare chip is mounted by flip chip
bonding.

15. A component built-in module comprising:

an electric insulation layer;

first wiring patterns in a plurality of layers that are
laminated with the electric insulation layer being inter-
posed therebetween;

at least one first inner via electrically connecting the first
wiring patterns in different layers with each other;

a wiring board including second wiring patterns in at least
two layers, and a through hole and/or a second inner via
that electrically connects the second wiring patterns in
different layers with each other; and

at least one electronic component that is embedded in the
electric insulation layer and is mounted on any one of
the second wiring patterns,

wherein at least one of the first inner vias is present in a
range that overlaps a range in which the electronic
component is present in a lamination direction in which
the first wiring patterns are laminated, and has a height
in the lamination direction that is smaller than a height
of the electronic component.

16. The component built-in module according to claim 15,
further comprising at least one electronic component that is
mounted on any one of the first wiring patterns in the
plurality of layers, and is not embedded in the electric
insulation layer.

17. The component built-in module according to claim 15,
wherein the electric insulation layer is made of a mixture of
a filler and an insulating resin.

18. The component built-in module according to claim 15,
wherein the first wiring patterns are made of at least one
selected from a metal foil, a lead frame, and a conductive
resin composition.

19. The component built-in module according to claim 15,
wherein the electronic component is a semiconductor bare
chip.

20. The component built-in module according to claim 15,
wherein the first inner via is made of a via paste containing
a conductive powder and a thermosetting resin.

21. The component built-in module according to claim 15,
wherein the wiring board is composed of a ceramic
substrate, a glass-epoxy substrate, or a multi-layer substrate
having inner via connection.

22. The component built-in module according to claim 15,
wherein the electric insulation layer in contact with the
electronic component and the electric insulation layer in
contact with the first inner via are provided integrally.

23. The component built-in module according to claim 15,
wherein a plurality of the electronic components are dis-
posed opposite each other in the lamination direction in
which the first wiring patterns are laminated.

24. The component built-in module according claim 15,
wherein the first wiring patterns include land patterns elec-
trically connected with the first inner via.

* * #* ok %
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