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CIRCUIT COMPONENT BUILT-IN MODULE,
RADIO DEVICE HAVING THE SAME, AND
METHOD FOR PRODUCING THE SAME

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a circuit compo-
nent built-in module and a method for producing the same.
In particular, the present invention relates to a circuit com-
ponent built-in module in which, for example, a circuit
component is placed in an internal portion of an insulating
substrate and a method for producing the same.

[0003] 2. Related Background Art

[0004] In recent years, with the demand for high perfor-
mance and miniaturization of electronic equipment, high
density, high performance and short-distance wiring of a
circuit component have been desired increasingly. Accord-
ingly, a wiring substrate capable of including a high density,
high-performance and short-distance wiring circuit compo-
nent has been demanded. The formation of a multi-layer
circuit may be a solution to attain a higher-density wiring
substrate. However, a conventional glass-epoxy substrate
requires a through-hole structure by using a drill, so that it
is difficult to achieve a high density mounting. Therefore, as
the most useful method for attaining a high density circuit,
an inner-via-hole connection method that can connect wiring
patterns between LSIs or circuit components in the shortest
distance are being developed in various fields.

[0005] In the inner-via-hole connection method, only the
necessary layers can be connected, and the mounting prop-
erty of the circuit components is excellent (see JP63(1988)-
47991A, JP6(1994)-268345A).

[0006] On the other hand, in a mounting method in which
an active component such as a semiconductor chip is
mounted on the surface layer of a wiring substrate, there is
a limitation in attaining high density. Therefore, a mounting
method of providing a substrate with a concave portion and
mounting a semiconductor chip so as to be contained in the
concave portion has been suggested (JP5(1993)-259372A,
JP11(1999)-103147A, JP11(1999)-163249A). In this case,
after the semiconductor chip is mounted in the concave
portion, a sealing resin is coated so as to protect the
connection portion and the semiconductor chip. Thus, seal-
ing is performed.

[0007] However, since the substrate used in the conven-
tional inner-via-hole connection method is formed of a resin
material, it has a low thermal conductivity. Furthermore, in
the circuit component built-in module, as the mounting
density of the circuit substrate is higher, it is more necessary
to release heat generated from the component. However, the
conventional substrate cannot release heat sufficiently, thus
deteriorating the reliability of the circuit component built-in
module.

[0008] On the other hand, among the methods for building
in a circuit component such as a semiconductor chip, in the
method of providing the substrate with a concave portion so
that the chip is placed therein and sealing with a sealing
resin, it is necessary to perform many processes, for
example, a process for forming a concave portion on the
substrate, etc., which raise cost. Also, in such a method,
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incidence of defectiveness is increased. Furthermore,
because a chip is built in, it is difficult to release heat around
the chip effectively even though heat release is required.
Furthermore, since the sealing resin is intervened, the prop-
erty of the substrate does not have uniformity in three
dimension.

[0009] If the circuit component such as a semiconductor,
etc. is built in the substrate in the burying process, when the
semiconductor chip is buried in the wiring pattern formed on
the mold release body, a sheet flows radically and the
location of the preliminarily formed via conductor may be
distorted, or a wiring pattern around the chip may be
disconnected or distorted. Therefore, this method has much
difficulty in practice. Furthermore, there are many limita-
tions in re-wiring in the chip built-in configuration.

[0010] Furthermore, when the mold release body is an
organic film having a adhesive property, it is impossible to
secure a sufficient gap for the connection portion between
the wiring pattern and the semiconductor chip, and it is
difficult to inject the sealing resin capable of sealing the
connection portion, and thus the reliability of the connection
portion cannot be obtained sufficiently.

[0011] On the other hand, in the module in which a circuit
component is built in, since there is a difference in the
coefficient of thermal expansion between the substrate and
the circuit components, it is not possible to secure the
reliability of the circuit component when the circuit com-
ponent is buried.

[0012] Tt is an object of the present invention to provide a
circuit component built-in module capable of mounting
circuit components with high density, having a high heat
releasing property and a high reliability and a method for
producing the same.

[0013] In order to attain the above-mentioned object, the
circuit component built-in module of the present invention
includes an insulating substrate including a mixture of an
inorganic filler and a thermosetting resin; a wiring pattern
formed on at least one principal surface of the insulating
substrate; and a circuit component placed in an internal
portion of the insulating substrate and electrically connected
to the wiring pattern; and the mixture includes a second
mixture that seals at least a connection portion between the
wiring pattern and the circuit component and a first mixture
forming a region excluding the second mixture in the
insulating substrate. In this configuration, the amount of an
inorganic filler contained in the first mixture is larger than
the amount of the inorganic filler contained in the second
mixture.

[0014] According to the configuration of the circuit com-
ponent built-in module, heat generated from the circuit
component is released by the inorganic filler swiftly, so that
a circuit module having high reliability can be realized.
Furthermore, among the two kinds of mixtures forming the
insulating substrate, the second mixture having a smaller
content of an inorganic filler seals the wiring portion con-
necting to the circuit component, so that a highly reliable
connection portion free from the disconnection can be
obtained.

[0015] Furthermore, by selecting the inorganic filler, it is
possible to change the thermal conductivity, coefficient of
linear thermal expansion, dielectric constant, breakdown
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voltage or the like. Therefore, since it is possible to make the
coefficient of linear thermal expansion of the insulating
substrate substantially the same as that of the semiconductor
device, a circuit component built-in module preferably inte-
grates a semiconductor device. Furthermore, since it is
possible to improve the thermal conductivity of the insulat-
ing substrate, the circuit component built-in module prefer-
ably includes a semiconductor device requiring the heat
release. Furthermore, since it is possible to lower the dielec-
tric constant of the insulating substrate, a circuit component
built-in module for high frequency is preferably provided.

[0016] Furthermore, in the case of a circuit component
built in module including a semiconductor and a chip
capacitor as the circuit components, it is possible to reduce
the noise of the electric signal by shortening the distance
between the semiconductor chip and the chip capacitor.
Furthermore, it is preferable that the wiring patterns are
formed on both principal surfaces of the insulating substrate,
and an inner via conductor for electrically connecting the
wiring patterns on both principal surfaces is provided.

[0017] Furthermore, in general, the semiconductor chip
has a problem in terms of KGD (known good die) and
handling, raising the cost. However, with the circuit com-
ponent built-in module of the present invention, even if the
bare semiconductor chip is used as the circuit component, it
is advantageous in that the quality check is carried out easily.
Furthermore, re-wiring is performed easily, so that it is
possible to attain various LGA electrodes having less restric-
tion in designing.

[0018] Furthermore, it is preferable in the circuit compo-
nent built-in module of the present invention that the second
mixture is intervened in the boundary portion between the
wiring pattern and the first mixture. According to such a
preferable configuration, it is possible to prevent disconnec-
tion and distortion, when the circuit component is buried. In
particular, it is advantageous when the circuit component is
buried by forming a wiring pattern and circuit component on
the base material such as a mold release carrier and bringing
the mold release carrier into contact with the first mixture
that the disconnection or distortion of the wiring pattern
does not occur even if the base material such as resin film
that stretches is used, because the circuit component and
wiring pattern are sealed and fixed with the second mixture.

[0019] Furthermore, it is preferable in the circuit compo-
nent built-in module of the present invention that the inner
via conductor includes a conductive resin composition. This
preferable configuration facilitates the production. In this
case, it is preferable that the conductive resin composition
includes one selected from the group consisting of gold,
silver, copper and nickel as a conductive substance, and an
epoxy resin as a resin substance. These metals have low
electric resistance. Epoxy resin is excellent in thermal resis-
tance or electric insulating property.

[0020] Furthermore, it is preferable in the circuit compo-
nent built-in module of the present invention that the circuit
component includes at least one active component. Accord-
ing to such a preferable configuration, it is possible to
integrate a circuit component having a desired function.

[0021] In this case, it is further preferable that the active
component includes a bare semiconductor chip, and the bare
semiconductor chip is flip-chip bonded to the wiring pattern.
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Furthermore, it is preferable that a thermal via conductor is
formed on the rear side of the bare semiconductor chip. This
preferable configuration provides an insulating substrate
excellent in heat releasing property, and is employed for a
bare semiconductor chip that generates a large amount of
heat because the heat releasing property of the bare semi-
conductor chip is improved.

[0022] Furthermore, it is preferable in the configuration of
the circuit component built-in module of the present inven-
tion that the first mixture includes 70 weight % to 95 weight
% of an inorganic filler and the second mixture includes 50
weight % to 90 weight % of an inorganic filler. According to
the preferable configuration, the heat generated from the
circuit component is released swiftly by the first component
in which an inorganic filler is filled with high density, so that
a highly reliable circuit component built-in module can be
realized.

[0023] Furthermore, it is preferable in the configuration of
the circuit component built-in module of the present inven-
tion that the inorganic filler includes at least one selected
from the group consisting of Al,O,, MgO, BN, AIN, and
Si0,. According to such a preferable configuration, an
insulating substrate excellent in the heat release property can
be obtained. When MgO is used for the inorganic filler, it is
possible to increase the constant of linear thermal expansion.
Furthermore, when SiO, (in particular, amorphous Si0,) is
used for the inorganic filler, it is possible to reduce the
dielectric constant of the insulating substrate. Furthermore,
when BN is used for the inorganic filler, it is possible to
reduce the constant of linear thermal expansion.

[0024] Furthermore, it is preferable in the configuration of
the circuit component built-in module of the present inven-
tion that the thermosetting resin includes at least one resin
selected from the group consisting of an epoxy resin, a
phenol resin, a cyanate resin and a polyphenylene ether resin
because these resins are excellent in thermal resistance or
insulating property.

[0025] Furthermore, it is preferable in the configuration of
the circuit component built-in module of the present inven-
tion that the wiring pattern includes copper. Copper has a
low thermal resistance, so that a fine wiring pattern can be
formed. Furthermore, when, for example, copper is used for
the wiring pattern, the surface of a copper foil that is in
contact with the substrate is preferably roughened.

[0026] Furthermore, it is preferable in the configuration of
the circuit component built-in module of the present inven-
tion that the wiring pattern has two layers or more including
a layer formed of copper and a layer including one metal
selected from the group consisting of gold, Sn, Pb, and Ni.
For example, a wiring pattern formed of copper foil may be
oxidized in the thermal treatment at the time of mounting
after formation of patterns. However, by forming a structure
having two layers or more plated by nickel, gold, or the like,
oxidation can be prevented. Furthermore, it is possible to
improve the connecting reliability to the circuit component.

[0027] Furthermore, it is preferable in the configuration of
the circuit component built-in module of the present inven-
tion that the wiring pattern is buried in the insulating
substrate. Thus, the wiring pattern is stable and the reliability
can further be improved.

[0028] Furthermore, it is preferable in the configuration of
the circuit component built-in module of the present inven-
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tion that a region excluding an external lead electrode in the
wiring pattern is covered with a protective film. In this case,
it is preferable that the protective film includes a material
including a resin or resist. According to such a preferable
configuration, the wiring pattern is constrained by the pro-
tective film and thus the connection between the circuit
component and the wiring pattern is stable and the reliability
is further improved.

[0029] Furthermore, it is preferable in the configuration of
the circuit component built-in module of the present inven-
tion that the circuit component includes one component
selected from the group consisting of a chip resistor, a chip
capacitor, and a chip inductor. By using the chip type circuit
component as the circuit component, it is possible to bury
the circuit component in the insulating substrate easily.

[0030] Furthermore, it is preferable in the configuration of
the circuit component built-in module of the present inven-
tion that the first mixture has a thermal conductivity of 1
W/mK to 10 W/mK. According to such a preferable con-
figuration, the thermal conductivity close to that of the
ceramic substrate can be obtained and the substrate high in
a heat releasing property can be obtained.

[0031] Furthermore, it is preferable in the configuration of
the circuit component built-in module of the present inven-
tion that the coefficient of linear thermal expansion of the
second mixture is in between the coefficient of the circuit
component and the coefficient of the first mixture, because
the second mixture that intervenes between the circuit
component and the first mixture serves as a relaxing sub-
stance for thermal stress.

[0032] Furthermore, it is preferable in the configuration of
the circuit component built-in module of the present inven-
tion that a wiring substrate is laminated on at least one
principal surface to form a multilayer wiring structure. Thus,
the circuit component can be mounted with higher density.

[0033] Furthermore, it is preferable in the configuration of
the circuit component built-in module of the present inven-
tion that the wiring substrate is a ceramic multilayer wiring
substrate. Thus, by using the high frequency property that is
an excellent property of the ceramic substrate, it is possible
to realize an RF module having a high performance and high
function.

[0034] Alternatively, it is preferable in the configuration
that the wiring substrate includes one or a plurality of circuit
component built-in modules mentioned above. According to
such a configuration, since the plurality of circuit component
built-in modules of the present invention are laminated, it is
possible to realize a highly reliable multilayer circuit com-
ponent built-in module in which the circuit components are
mounted with high density.

[0035] Furthermore, it is preferable in the configuration of
the circuit component built-in module of the present inven-
tion that the wiring pattern connected to the circuit compo-
nent is located on the principal surface on which the wiring
substrate is laminated. Thus, the wiring pattern connecting
to the circuit component is constrained by the wiring sub-
strate, the connection between the circuit component and the
wiring pattern is stable.

[0036] Alternatively, it is preferable that the wiring pattern
connecting to the circuit component is located on the prin-
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cipal surface on which the wiring substrate is not laminated,
and the protective film that covers the wiring pattern is
provided. Thus, the wiring pattern connecting to the circuit
component is constrained by the protective film, so that the
connection between the circuit component and the wiring
pattern is stable.

[0037] According to another aspect of the present inven-
tion, a radio device of the present invention includes the
circuit component built-in module having any of the con-
figurations mentioned above. According to such a configu-
ration, a highly reliable radio device can be provided. In
particular, it is preferable that the circuit component built-in
module is an RF module using a ceramic substrate, because
it is possible to realize a high performance and high function
radio device.

[0038] According to another aspect of the present inven-
tion, a method for producing the circuit component built-in
module of the present invention includes placing a circuit
component on a first wiring pattern formed on one principal
surface of a base material for connection therebetween and
sealing at least a connection portion between the first wiring
pattern and the circuit component with a second mixture
including an inorganic filler and an uncured thermosetting
resin; subsequently, allowing a first mixture including an
inorganic filler and an uncured thermosetting resin to face
the principal surface of the base material on which the circuit
component is formed and pressing the base material to bury
the circuit component in the first mixture; wherein the
amount of the inorganic filler contained in the first mixture
is larger than the amount of the inorganic filler contained in
the second mixture.

[0039] With this method, the circuit component built-in
module of the present invention can be produced.

[0040] Tt is preferable in the method for producing the
circuit component built-in module of the present invention
that the first mixture includes 70 weight % to 95 weight %
of an inorganic filler and the second mixture includes 50
weight % to 90 weight % of an inorganic filler.

[0041] Furthermore, it is preferable in the method for
producing the circuit component built-in module of the
present invention that in sealing, by injecting an uncured
second mixture into the connection portion between the first
wiring pattern and the circuit component and curing the
second mixture, the connection portion and the side part of
the first wiring pattern and the circuit component are sealed.
According to this method, since the location relationship of
the first wiring pattern, circuit component and connection
portion is fixed by the second mixture, in burying, it is
possible to prevent the distortion of the connection portion
between the circuit component and the first wiring pattern.
Thus, the circuit component built-in module having a high
reliability can be provided.

[0042] 1t is preferable in the method for producing the
circuit component built-in module of the present invention
that the sealing includes injecting an uncured second mix-
ture into the connection portion between the first wiring
pattern and the circuit component and curing the second
mixture; molding the second mixture into a sheet of the
mixture, covering the entire part of the circuit component
and the first wiring pattern on the base material; and curing
the second mixture sheet by heating and pressing. According
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to such a method, the entire part of the first wiring pattern
is sealed with the second mixture, so that it is possible to
prevent the first wiring pattern from being damaged when it
is buried.

[0043] Tt is preferable in the method for producing the
circuit component built-in module of the present invention
that the sealing includes injecting the uncured second mix-
ture into the connection portion between the first wiring
pattern and the circuit component and the entire part of the
first wiring pattern and curing thereof. According to such a
method, the entire part of the first wiring pattern is sealed
with the second mixture, so that it is possible to prevent the
first wiring pattern from being damaged when it is buried.

[0044] 1t is preferable in the method for producing the
circuit component built-in module of the present invention
that holes are provided on the base material, and wherein the
sealing includes injecting the second mixture via the hole
from the opposite surface of the principal surface of the base
material on which the circuit component is provided.
According to such a method, it is possible to fill the second
mixture easily in the gap between the circuit component and
the first wiring pattern.

[0045] 1t is preferable in the method for producing the
circuit component built-in module of the present invention
that the first mixture is formed into a plate before the
burying. According to such a method, by burying the circuit
component in the first mixture that is molded in a form of
plate, the circuit component built-in module can be pro-
duced easily.

[0046] 1t is preferable in the method for producing the
circuit component built-in module of the present invention
that the burying includes placing the first mixture into a
mold, allowing the first mixture in the mold to face the
principal surface on which the circuit component is formed
and pressing the base material; and removing the first
mixture from the mold. According to such a method, as
compared with the method including a process for forming
the first mixture into a form of a plate, the process can be
simplified because the formation of the first mixture and the
burying the circuit component are performed together.

[0047] Tt is preferable in the method for producing that the
circuit component built-in module of the present invention
further includes forming an inner via conductor in the first
mixture, and forming a second wiring pattern that connects
to the first wiring pattern via the inner via conductor on the
surface of the first mixture opposite to the surface on which
the circuit component is buried. Thus, a circuit component
built-in module capable of mounting the circuit component
with high density can be provided.

[0048] Furthermore, it is preferable in the method that the
forming of the inner via conductor is carried out after the
burying, and includes forming a through-hole for inner via
conductor, which reaches the first wiring pattern from the
surface of the first mixture opposite to the surface in which
the circuit component is buried; and filling a thermosetting
conductive substance in the through-hole for the inner via
conductor. According to such a method, by forming the inner
via conductor after burying, the inner via conductor without
distortion can be produced.

[0049] Furthermore, it is preferable that the conductive
substance includes a conductive resin composition. Thus, it
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is possible to product the inner via conductor by a simple
process of filling the conductive resin composition in the
through hole and curing thereof, thus facilitating the pro-
duction of the circuit component built-in module easily.

[0050] 1t is preferable that the method includes, before
forming the through-hole for the inner via conductor, rec-
ognizing the position of the first wiring pattern by X-ray
irradiation to determine the position for forming the
through-hole for the inner via conductor. According to such
a method, since the position of the inner via conductor can
be determined with high accuracy, it is possible to provide
a circuit component built-in module having a high connec-
tion reliability.

[0051] Tt is preferable that the method further includes
forming a through-hole for thermal via conductor in the first
mixture, before burying, in forming the inner via conductor,
a conductive substance is filled in the through-hole for the
inner via conductor and at the same time, a thermal con-
ductive substance is filled in the through-hole for the thermal
via conductor. According to such a method, it is possible to
provide a circuit component built-in module having a high
thermal releasing property in the vicinity of the circuit
component. Furthermore, the filling of the thermal conduc-
tive substance into the through-hole for thermal via conduc-
tor and the filling of the conductive substance into the
through-hole for inner via conductor are performed at the
same time, and thus the process is simplified.

[0052] Tt is preferable in the method that the thermal
conductive substance to be filled in the through-hole for a
thermal via conductor and the conductive substance to be
filled in the through-hole for the inner via conductor include
a metal particle and a thermosetting resin, and the content of
the metal particles of the thermal conductive substance to be
filled in the through-hole for the thermal via conductor is
higher than the content of the metal particles of the conduc-
tive substance to be filled in the through-hole for the inner
via conductor. Furthermore, it is preferable that the diameter
of the through-hole for the thermal via conductor is larger
than the diameter of the through-hole for the inner via
conductor.

[0053] 1t is preferable in the method that a mold release
carrier is used for the base material. Thus, the circuit
component built-in module can be provided easily.

[0054] In this case, it is further preferable that the mold
release carrier is an organic film. If the organic film is used
as the mold release carrier, since the organic film is an
insulating material, it is possible to perform a connection
continuity check of the circuit components mounted on the
wiring pattern formed on the mold release film.

[0055] Alternatively, it is preferable that the mold release
carrier is a metal foil. In this case, as compared with the case
where the resin film is used for the mold release film, the
mold release carrier is not stretched, the wiring pattern can
be transferred without distortion in the burying process.
Furthermore, since the metal foil does not have the adhesive
property unlike the organic film, when the second mixture is
injected between the circuit component and the first wiring
pattern, the fluid property of the second mixture is not
impaired, and thus, the connection portion between the
circuit component and the first wiring pattern is securely
sealed with the second mixture without a gap.
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[0056] Furthermore, it is preferable that the method fur-
ther includes forming a peel layer on the metal foil before
forming the first wiring pattern on the metal foil. Thus, the
mold release carrier easily can be removed.

[0057] 1t is preferable in the method that the inner via
conductor is formed before burying, and the mold release
carrier is provided with one or a plurality of holes that serve
as an ejecting hole for the first mixture in burying. Accord-
ing to such a method, in the process of burying, when the
circuit component is buried in a state in which the mold
release carrier is in contact with the first mixture, the portion
of the first mixture in which the circuit component is buried
is ejected from the holes of the mold release carrier. Thus,
even if the inner via conductor is formed before burying, the
distortion of the inner via conductor can be reduced radi-
cally. Thus, it is possible to provide a highly reliable circuit
component built-in module.

[0058] Furthermore, it is preferable in the method that the
multilayer wiring substrate is used for the base material.
According to such a method, the circuit component is
connected to the wiring formed on the principal surface of
the multilayer substrate and the circuit component is buried
in a state in which this multilayer substrate is in contact with
the first mixture, so that the circuit component built-in
module in which multilayer substrate is laminated can be
provided.

[0059] In this case it is further preferable that the multi-
layer wiring substrate is a ceramic multilayer wiring sub-
strate. Thus, it is possible to use the property of the high
frequency of the ceramic substrate, and it is possible to
realize the circuit component built-in module with the high
performance and multifunction RF module.

[0060] Furthermore, it is preferable in the method that
forming the second wiring pattern is performed after form-
ing the inner via conductor, and includes laminating a metal
foil on the surface of the first mixture opposite to the surface
on which the circuit component is buried, heating at the
temperature where the thermosetting resin of the first and
second mixtures and the conductive substance of the inner
via conductor are cured; and forming the metal foil into the
second wiring pattern. Thus, the second wiring pattern of a
desired pattern easily can be formed.

[0061] Alternatively, it is preferable in the method that
forming the second wiring pattern is performed after form-
ing the inner via conductor, and includes forming the second
wiring pattern on one principal surface of the mold release
carrier for the second wiring pattern, allowing the mold
release carrier to face the principal surface on which the
second wiring pattern is formed to the surface opposite to the
surface on which the circuit component is formed and
pressing the releasing carrier; heating at the temperature
where the thermosetting resin of the first and second mix-
tures and the conductive substance of the inner via conduc-
tor are cured; and peeling off the mold release carrier.

[0062] According to such a method, the second wiring
pattern is formed by the method for transferring the wiring
pattern formed on the mold release carrier, so that the second
wiring pattern can be buried in the first mixture. Thus, the
second wiring pattern is stable and the circuit component
built in module having a high reliability can be provided.

[0063] 1t is preferable that the method further includes
forming a protective film on the region excluding the
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external lead electrode on the first wiring pattern. Thus, in
particular, the connection between the circuit component
and the first wiring pattern is stable, thus improving the
reliability.

[0064] 1t is preferable in the method that the first wiring
pattern is formed of copper foil. Furthermore, it is preferable
that the second wiring pattern is also formed of copper foil.
In this case, it is preferable that the method further includes
forming at least one layer of a metal selected from the group
consisting of Au, Sn, Pb, and Ni by electrolytic plating on
the wiring pattern formed of a copper foil. Thus, the circuit
component and the wiring pattern can be connected strongly.

[0065] 1t is preferable in the method that after forming the
inner via conductor on a plate obtained by sealing and
burying, the base material is peeled off to produce circuit
component built-in substrate; laminating a plurality of the
circuit component built-in substrates to produce a multilayer
circuit component built-in substrate, and forming a second
wiring pattern on the principal surface of the multilayer
circuit component built-in substrate on which the first wiring
pattern is not formed. According to such a method, it is
possible to provide a multilayer circuit component built-in
module including a plurality of circuit component built-in
modules of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0066] FIGS. 1A and 1B are cross-sectional views show-
ing a configuration of a circuit component built-in module
according to a first embodiment of the present invention.

[0067] FIGS. 2A to 2I are cross-sectional views showing
one process for producing a circuit component built-in
module according to a second embodiment of the present
invention.

[0068] FIGS. 3A to 31 are cross-sectional views showing
a process for producing a circuit component built-in module
according to a third embodiment of the present invention.

[0069] FIGS. 4A and 4B are cross-sectional views show-
ing a configuration of a circuit component built-in module
according to a fourth embodiment of the present invention.

[0070] FIGS. 5A to 5J are cross-sectional views showing
a process for producing a circuit component built-in module
according to a fifth embodiment of the present invention.

[0071] FIGS. 6A to 6] are cross-sectional views showing
a process for producing a circuit component built-in module
according to a sixth embodiment of the present invention.

[0072] FIG. 7 is a cross-sectional view showing a con-
figuration of a circuit component built-in module according
to a seventh embodiment of the present invention.

[0073] FIGS. 8A to 8L are cross-sectional views showing
a process for producing a circuit component built-in module
according to an eighth embodiment of the present invention.

[0074] FIGS. 9A and 9B are cross-sectional views show-
ing a configuration of a circuit component built-in module
according to a ninth embodiment of the present invention.

[0075] FIGS. 10A to 10I are cross-sectional views show-
ing a process for producing a circuit component built-in
module according to a tenth embodiment of the present
invention.
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[0076] FIGS. 11A to 11F are cross-sectional views show-
ing another process for producing a circuit component
built-in module according to the second embodiment of the
present invention.

[0077] FIGS. 12A to 12D are cross-sectional views show-
ing a process for producing a circuit component built-in
module according to an eleventh embodiment of the present
invention.

[0078] FIGS. 13A to 13E are cross-sectional views show-
ing a process for producing a circuit component built-in
module according to a twelfth embodiment of the present
invention.

[0079] FIG. 14 is a cross-sectional view showing another
configuration of a circuit component built-in module accord-
ing to the twelfth embodiment of the present invention.

[0080] FIG. 15 is a block diagram showing a configura-
tion of a radio device according to the thirteenth embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0081] Hereinafter, the present invention will be described
more specifically with reference to embodiments.

[0082] First Embodiment

[0083] One example of a circuit component built-in mod-
ule of the present invention is described in this embodiment.
FIGS. 1A and 1B are cross-sectional views showing a
circuit component built-in module according to the first
embodiment.

[0084] As shown in FIG. 1A, the circuit component
built-in module 100 of this embodiment includes an insu-
lating substrate 101 including a first mixture 105 and a
second mixture 106, wiring patterns 1024 and 102b formed
on one principal surface and another principal surface of the
insulating substrate 101, a circuit component 103a con-
nected to the wiring pattern 102a and placed inside the
insulating substrate 101 in a state in which it is sealed with
the second mixture 106, and an inner via conductor 104 for
electrically connecting the wiring patterns 102a and 1025b.

[0085] Each of the first mixture 105 and the second
mixture 106, which forms the electric insulating substrate
101, includes an inorganic filler and a thermosetting resin.
An example of the inorganic filler includes, for example,
AL 05, MgO, BN, AN, SiO,, or the like. In the first mixture
105, it is desirable that the inorganic filler is contained at as
high a density as 70 weight % to 95 weight %. For example,
when SiO, as the inorganic filler is contained at as high a
density as 80 weight % or more in order to obtain a substrate
having a low dielectric constant, it is possible to realize at
least 1 W/mK of thermal conductivity. Furthermore, when
AIN as an inorganic filler is contained in the range of 95
weight % or more in order to obtain a substrate having a high
thermal conductivity, it is possible to realize 10 W/mK of
thermal conductivity. However, since the upper limit of the
containing rate of the inorganic filler is 95 weight %, the
upper limit of the thermal conductivity of the first mixture
105 is 10 W/mK. On the other hand, in the second mixture
106, it is desirable that the inorganic filler is contained in the
range from 50 weight % to 90 weight %. Furthermore, it is
desirable that the second mixture 106, which is in uncured
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state, has a low viscosity so that it can be injected as a
sealing resin, because the gap between the circuit compo-
nent 1034 and the first mixture 105 is so narrow as about 50
um and a highly viscous mixture cannot be injected perfectly
therein.

[0086] For example, when the amount of an inorganic
filler is reduced in order to lower the viscosity, the coefficient
of thermal expansion is increased. Thus, when the circuit
component 103a is a semiconductor chip, a large thermal
stress is generated. Therefore, it is desirable that the amount
of the inorganic filler in the second mixture 106 is 50 weight
% or more.

[0087] On the other hand, 90 weight % or more of an
inorganic filler increases the viscosity. As a result, a long
time is required for an injection, and air pockets remain.
Therefore, it is desirable that the amount of the inorganic
filler in the second mixture 106 is 90 weight % or less.

[0088] Moreover, in order to make it easy to inject the
second mixture 106 into a gap between the circuit compo-
nent 1034 and the first mixture 105, it is preferable that the
difference between the amount of the inorganic filler in the
first mixture 105 and the amount of the inorganic filler in the
second mixture 106 is at least about 10 weight %. Therefore,
it is further preferable that the amount of the inorganic filler
in the first mixture 105 is about 90 to 95 weight % and the
amount of the inorganic filler in the second mixture 106 is
about 75 to 80 weight %.

[0089] The average particle diameter of the inorganic filler
is desirably 0.1 um to 100 um. A desirable example of the
thermosetting resin includes an epoxy resin, a phenol resin,
a cyanate resin, or a polyphenylene ether resin, which are
highly resistant against heat. An epoxy resin is particularly
desirable because of its high heat resistance. The mixture
further may include a dispersant, a coloring agent, a cou-
pling agent or a releasing agent.

[0090] In the below-mentioned embodiments, as the first
and second mixtures, a mixture that satisfies the above-
mentioned conditions is used.

[0091] The wiring patterns 1022 and 102b include a
substance having an electric conductivity, for example, a
copper foil or a conductive resin composition. As a copper
foil used for the wiring pattern, it is possible to use, for
example, a copper foil having a thickness of about 12 um to
35 um, which is formed by electrolytic plating. It is desirable
that the side of the copper foil surface that is in contact with
the insulating substrate 101 is made rough so that the
adhesion with the insulating substrate 101 can be improved.
Furthermore, the copper foil whose surface has been sub-
jected to a coupling treatment or plated with tin, zinc or
nickel may be used in order to improve the adhesion
property and oxidation resistance. Furthermore, the copper
foil whose surface has been subjected to solder plating with
Sn—Pb alloy or solder plating with Pb-free alloy, such as
Sn—Ag—B4i, alloy may be used. Furthermore, the wiring
patterns 1024 and 1027 can be buried in the insulating
substrate 101 when they are formed by a transfer method as
described in the below mentioned second embodiment. A
metal lead frame produced by etching or punching may be
used for the wiring patterns 1024 and 102b.

[0092] The circuit component 1032 may be an active
component or a passive component. For the active compo-
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nent, a semiconductor device such as a transistor, an IC, an
LSI, or the like, can be used. This semiconductor device may
be a bare semiconductor chip, for example, a bare SAW
chip, etc. The same is true in the following embodiments.
For the passive component, an inductor, a capacitor, a
resistor, or the like can be used.

[0093] The wiring pattern 102 is connected to the circuit
component 103a by, for example, a flip chip bonding.

[0094] The inner via conductor 104 is formed of, for
example, a thermosetting conductive substance. For
example, a conductive resin composition mixing metal
particles with a thermosetting resin can be used. An example
of the metal particles includes gold, silver, copper, nickel, or
the like. Gold, silver, copper and nickel are desirable
because of their high conductivity. Among them, copper is
the most disirable because of its especially high conductivity
and small migration. An example of the thermosetting resin
includes an epoxy resin, a phenol resin or a cyanate resin, a
polyphenylene ether resin, or the like. An epoxy resin is
particularly desirable because of its high heat resistance.

[0095] In the circuit component built-in module 100 of
this embodiment, the wiring patterns 102¢ and 102b are
connected by the inner via conductor 104 formed in the
insulating substrate 101. Therefore, in the circuit component
built-in module 100, the circuit components 103 can be
mounted with high density. On the other hand, in order to
make the module thin by building in the circuit component,
it is needless to say that the configuration in which no inner
via conductor is provided and the thickness of the substrate
is substantially the same as that of the circuit component can
be realized.

[0096] Furthermore, in the circuit component built-in
module 100, the inorganic filler contained in the insulating
substrate 101 swiftly conducts the heat generated in the
circuit components. Therefore, a highly reliable circuit com-
ponent built-in module can be obtained.

[0097] Furthermore, in the circuit component built-in
module 100, the coefficient of linear expansion, the thermal
conductivity and the dielectric constant of the insulating
substrate 101 can be controlled easily by selecting a suitable
inorganic filler for the insulating substrate 101. The coeffi-
cient of linear expansion of the insulating substrate 101
substantially equal to that of the semiconductor device can
prevent the occurrence of cracks and the like, due to a
temperature change. Consequently, a reliable circuit com-
ponent built-in module can be obtained. Furthermore, an
improvement in the thermal conductivity of the insulating
substrate 101 allows a highly reliable circuit component
built-in module to be produced even if the circuit compo-
nents are mounted with high density. Furthermore, a low
dielectric constant of the insulating substrate 101 allows a
module for a high frequency circuit with little dielectric loss
to be produced.

[0098] Furthermore, in the circuit component built-in
module 100, the insulating substrate 101 can shield the
circuit components 1034 from the external air, thus prevent-
ing deterioration of the reliability due to humidity.

[0099] Furthermore, in the circuit component built-in
module 100, the insulating substrate 101 is formed of a
mixture of an inorganic filler and a thermosetting resin, so
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that the insulating substrate 101 can be produced easily
without being sintered at a high temperature like a ceramic
substrate.

[0100] In the circuit component built-in module 100
shown in FIG. 1A, the wiring pattern 1024 is not buried in
the insulating substrate 101. However, the wiring pattern
1024 may be buried in the insulating substrate 101.

[0101] In the circuit component built-in module 100
shown in FIG. 1A, no circuit component is mounded on the
wiring pattern 102a. However, a circuit component may be
mounded on the wiring pattern 1024, and the circuit com-
ponent built-in module may be molded with resin. The
circuit components can be mounted with a higher density by
mounting circuit components on the wiring pattern 102a.

[0102] As shown in FIG. 1B, it is further preferable that
a protective film 107 formed of a resist or a sealing resin is
formed in the region excluding an external lead wiring in the
wiring pattern 102a4. With a configuration, the wiring pattern
1024 is located and constrained inside the protective film
107. Consequently, the connection between the circuit com-
ponent 103a and wiring pattern 102a is more stable.

[0103] Furthermore, in general, the bare chip has a prob-
lem in terms of KGD (known good die), handling is difficult,
and cost is high. However, it is advantageous to build the
bare chip in the insulating substrate as in this embodiment
because the quality check becomes easy. Furthermore, re-
wiring becomes easy, so that it is possible to attain various
LGA electrodes having less restriction in designing.

[0104] Second Embodiment

[0105] Methods for producing the circuit component built-
in module described in the first embodiment will be
described with reference to the second embodiment. The
materials and the circuit components used in this embodi-
ment are the same as those described in the first embodi-
ment.

[0106] FIGS. 2A to 21 are cross-sectional views showing
a process for producing a circuit component built-in module
according to a second embodiment.

[0107] First, as shown in FIG. 2A, a copper foil wiring
pattern 211 is formed on a mold release film 203, and a
circuit component, for example, a semiconductor chip 204,
is flip-chip bonded thereon. As the mold release film 203, an
organic film having a predetermined adhesive strength, for
example, polyethylene terephthalate, polyphenylene sulfide,
etc. may be used. It is advantageous to use an organic film
for the mold release film because the organic film is an
insulating material, and it is possible to perform a connec-
tion continuity check of the circuit components mounted on
the wiring pattern which is formed on the mold release film.

[0108] For the mold release film, a metal foil with a peel
layer made of a suitable organic film may be used. An
example of the metal foil includes a copper foil, an alumi-
num foil, and the like. Furthermore, a copper foil wiring
pattern 211 may be formed on a mold release film 203 via
a metal plating layer, for example, a Ni plating layer. The
copper foil wiring pattern 211 can be formed, for example,
through a photolithography process or an etching process,
after the copper foil is adhered to the mold release film 203.
Furthermore, instead of the copper foil wiring pattern 211, a
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lead frame produced by etching or punching may be used
(the same is true in embodiments hereinafter).

[0109] A semiconductor chip 204 is electrically connected
to the copper foil wiring pattern 211 via a conductive
adhesive 212. As the conductive adhesive 212, it is possible
to use, for example, a mixture obtained by mixing and
kneading a thermosetting resin with gold, silver, copper, a
silver-palladium alloy, or the like.

[0110] Instead of the conductive adhesive 212, a gold
bump produced by a gold wire bonding or a solder bump
may be formed on the side of the semiconductor chip 204
beforehand. In this case, the gold or solder may be dissolved
by a heat treatment, so that the semiconductor chip 204 is
mounted on the copper foil wiring pattern 211. Furthermore,
the solder bump also can be used together with the conduc-
tive adhesive.

[0111] Then, as shown in FIG. 2B, a second mixture 210
is injected between the copper foil wiring pattern 211 and the
semiconductor chip 204 to seal therebetween. By injecting
the mixture for sealing, stress generated due to the difference
in the coefficient of thermal expansion between the semi-
conductor chip 204 and a plate in which the semiconductor
chip 204 is buried (a first mixture 200, which will be
described hereinafter) can be absorbed not only by a con-
nection portion (a conductive adhesive 212) but also by an
entire second mixture 210 for sealing, thus preventing the
concentration of stress. Furthermore, the injection of a
sealing resin prevents the formation of gaps between the
semiconductor chip 204 and the wiring pattern 211 in a
subsequent process of burying the semiconductor chip 204
in the copper foil wiring pattern 211. An underfill resin,
which is used for general flip chip bonding, can be used for
the sealing mixture.

[0112] In parallel to the processes shown in FIGS. 2A and
2B, a first mixture 200 is formed by processing a mixture
including an inorganic filler and a thermosetting resin in a
form of a plate, as shown in FIG. 2C. The first mixture plate
200 is formed by mixing and kneading an inorganic filler
and an uncured thermosetting resin to form a paste-state
kneaded mixture and forming the paste-state kneaded mix-
ture into a predetermined thickness.

[0113] The first mixture plate 200 may be heated at a
temperature below the curing temperature of the thermoset-
ting resin. The heat treatment allows the adhesion of the first
mixture 200 to be eliminated while maintaining the flex-
ibility, thereby facilitating the subsequent processes. In
addition, in the case of a mixture including a thermosetting
resin dissolved in a solvent, a heat treatment can remove a
part of the solvent.

[0114] Thereafter, as shown in FIG. 2C, the mold release
film 203 having the copper foil wiring pattern 211 on which
the semiconductor chip 204 is mounted is superimposed on
the first mixture 200 in a suitable position.

[0115] Next, as shown in FIG. 2D, a plate, in which the
semiconductor chip 204 is buried in the first mixture 200, is
formed by pressing the product in which the mold release
film 203 is superimposed on the first mixture 200 in a
suitable position from the outside of the first mixture 200
and the mold release film 203.

[0116] Next, as shown in FIG. 2E, through-holes 201 are
formed in the mixture plate in which the semiconductor chip
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204 is buried in the first mixture 200. The through-holes 201
pass from the rear side of the surface on which the semi-
conductor 204 is buried and reaches the copper foil wiring
pattern 211. At this time, it is preferable that the position of
the copper foil wiring pattern 211 can be recognized by
using an X-ray, etc. from the rear side of the surface on
which the semiconductor chip 204 is buried. The through-
holes 201 are formed by, for example, laser processing.
Laser processing is desirable because it allows formation of
the through-holes 201 in a fine pitch and generates no debris.
In laser processing, a carbon dioxide gas laser or excimer
laser is used to facilitate the processing.

[0117] Next, as shown in FIG. 2F, a conductive resin
composition 202 is filled in the through-holes 201 in the
mixture plate.

[0118] In parallel to the processes shown in FIGS. 2A to
2F, as shown in FIG. 2G, a copper foil 206 is formed.

[0119] Thereafter, as shown in FIG. 2F, the copper foil
206 1is superimposed on the opposite surface to the semi-
conductor chip 204 in the plate.

[0120] Then, as shown in FIGS. 2F and 2H, the plate on
which the copper foil 206 is superimposed is subjected to
heat treatment with pressure. Thereby, the thermosetting
resin in the first mixture 200 and the conductive resin
composition 202 is cured. Thus, the plate is formed in which
the circuit component 204 is buried in the first mixture 200
and the copper foil 206 is adhered to the opposite surface to
the semiconductor chip 204.

[0121] The heating is performed at a temperature equal to
or higher than a temperature at which the thermosetting resin
in the first mixture 200, the second mixture 210 and the
conductive resin composition 202 is cured (e.g., 150° C. to
260° C.). The first mixture 200 serves as an insulating
substrate 207, and the conductive resin composition 202
serves as an inner via conductor 208. This process strongly
adheres the copper foils wiring pattern 211 and the copper
foil 206 to the insulating substrate 207 mechanically. The
mechanical strength of the circuit component module can be
improved by applying a pressure of 10 kg/cm® to 200 kg/cm”
while heating to cure the thermosetting resin in the first
mixture 200, the second mixture 210 and the conductive
resin composition 202 (the same is true in the following
embodiments).

[0122] Then, as shown in FIG. 21, the mold release film
203 is peeled off so as to process the copper foil 206 into a
wiring pattern. Thus, a circuit component built-in module
having the wiring patterns 211 and 209 is completed.

[0123] As mentioned above, the circuit component built-in
module having the same configuration as in the first embodi-
ment can be obtained. According to the producing method
mentioned above, it is possible to produce the circuit com-
ponent built-in module having the same configuration as in
first embodiment with the position accuracy of the inner via
conductor maintained highly.

[0124] In addition, by printing a resist with respect to the
configuration shown in FIG. 2I, a protective film (107) for
constraining wiring patterns connecting directly to the cir-
cuit component may be formed as shown in FIG. 1B.
Furthermore, this protective film also can be formed by
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injecting an underfill resin or laminating an uncured resin
sheet, besides the resist printing method.

[0125] Furthermore, in this embodiment, the thermoset-
ting conductive resin composition 202 is used for the
conductive material for filling the through-hole 201. How-
ever, the conductive substance is not limited thereto, and any
thermosetting conductive substance can be used (which also
applies to the following embodiments). Furthermore, prior
to burying the semiconductor chip 204, the through-hole 201
may be formed in the first mixture plate 200 into which
conductive resin composition 202 is filled, thus forming an
inner via conductor. However, when the circuit component
built-in module is formed in this order, it is necessary to bury
the semiconductor chip 204 so that the position and shape of
the through-hole 201 are not distorted.

[0126] Therefore, it is preferable to use the following
producing method.

[0127] First, as shown in FIGS. 11A and 11B, a copper
foil wiring pattern 1111 is formed on the mold release film
1103 and then, a circuit component, for example, a semi-
conductor chip 1104 is flip-chip bonded. Furthermore, a
plurality of holes 11034 are provided on the portion of the
mold release film 1103 in which the circuit pattern 1111 and
the semiconductor chip 1103 are not placed. For the mold
release film 1103, an organic film having a predetermined
adhesive strength, for example, polyethylene terephthalate
or polyphenylene sulfide, may be used. Or a metallic film
with a peel layer made of a suitable organic film may be
used. An example of the metal foil includes a copper foil, an
aluminum foil, and the like. Furthermore, between the mold
release film 1103 and the copper foil 1111, a metal plating
layer, for example, a Ni plating layer, may be intervened.

[0128] Herein, as shown in FIG. 11C, a plate having a
inner via conductor 1101 is formed beforehand by forming
a through-hole on the first mixture plate 1100 and then by
filling a conductive paste therein. Then, with respect to this
plate, the inner via conductor 1101 and the wiring pattern
1111 are brought into contact with the mold release film 1103
in a suitable position.

[0129] At this time, as shown in FIG. 1D, the first mixture
1100 on the part in which a semiconductor chip 1104 is
buried is pushed toward the peripheral portion, thereby
excess resin composition 1100z is ejected from the holes
1103a of the mold release carrier 1103. Thereby, it is
possible radically to reduce the distortion of the inner via
conductor 1101 in the vicinity of the chip when the semi-
conductor chip 1104 is buried.

[0130] Furthermore, as shown in FIG. 11E, the mold
release carrier 1103 is peeled off, as shown in FIG. 11F, a
protective film 1107 and a wiring pattern 1113 are formed if
necessary. Thus, a circuit component built-in module having
the same configuration as in the first embodiment can be
produced.

[0131] Furthermore, in this embodiment, the configuration
in which a wiring pattern 209 and wiring pattern 1113 are not
buried in a substrate is described. However, these wiring
patterns may be buried in the first mixture 1100 by a transfer
method.
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[0132] Third Embodiment

[0133] Another embodiment of the method for producing
the circuit component built-in module shown in the first
embodiment will be described. The materials and the circuit
components used in this embodiment are the same as those
described in the first embodiment.

[0134] FIGS. 3A to 31 are cross-sectional views showing
a process for producing a circuit component built-in module
according to a third embodiment.

[0135] First, as shown in FIG. 3A, a wiring pattern 303 is
formed on a mold release film 305, and a circuit component,
for example, a semiconductor chip 304, is mounted on the
wiring pattern 303. Since the method for mounting the
semiconductor chip 304 is the same as in the second
embodiment (see FIGS. 2A and 2B), the same explanation
is not repeated herein.

[0136] Then, as shown in FIG. 3C, by processing a
mixture including an inorganic filler and a thermosetting
resin in a form of a plate, a first mixture plate 300 is formed.
Then, the wiring patterns 303 on which the semiconductor
chip 304 is mounted and a mold release film 305 are
superimposed on the first mixture 300 in a suitable position.
Then, a product, which is obtained by superimposing the
wiring pattern 303 on which the semiconductor chip 304 is
mounted and the mold release film 305 on the first mixture
300 in a suitable position, is pressed from the outside of the
first mixture 300 and the mold release film 305 so as to bury
the semiconductor chip 304 on which the mold release film
305 is mounted in the first mixture 300, as shown in FIGS.
3C and 3D. Since the above-mentioned process is the same
as in the second embodiment (see FIGS. 2C and 2D), the
same explanation is not repeated herein.

[0137] Then, as shown in FIGS. 3E and 3F, the position
of the wiring patterns 303, which are formed on the principal
surface corresponding to the through-holes 301, are recog-
nized by a method using an X-ray, etc. in a state in which the
semiconductor chip 304 is buried in the first mixture 300.
Thus, the through-holes 301 are formed in the first mixture
300, and the conductive resin composition 302 is filled in the
through-holes 301. Since the above-mentioned processes are
the same as in the second embodiment (see FIGS. 2E and
2F), the same explanation is not repeated herein.

[0138] In parallel to the processes of FIGS. 3A to 3E, as
shown in FIG. 3G, a wiring pattern 306 is formed on the
mold release film 307.

[0139] Thereafter, as shown in FIG. 3F, the mold release
film 307 is superimposed in a suitable position on the surface
of the first mixture 300 on the opposite side to the semi-
conductor chip 304 so that the wiring pattern 306 is con-
nected to the conductive resin composition 302 at the
predetermined portion.

[0140] Thereafter, as shown in FIGS. 3F and 3H, the first
mixture 300 on which the mold release film 307 is super-
imposed in a suitable position on the opposite side to the
semiconductor chip 304 is pressed from the outside of the
mold release film 307 and heated to cure the thermosetting
resin in the first mixture 300, second mixture 310 and the
conductive resin composition 302, and thus a plate in which
a semiconductor chip 304 and the wiring patterns 303 and
306 are buried is formed.

[0141] The heating is performed at a temperature equal to
or higher than a temperature at which the thermosetting resin
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in the first mixture 300, the second mixture 310 and the
conductive resin composition 302 is cured (e.g., 150° C. to
260° C.). The first and second mixtures 300 and 310 serve
as an insulating substrate 309, and the conductive resin
composition 302 serves as an inner via conductor 308. The
inner via conductor 308 allows the wiring pattern 303 and
the wiring pattern 306 to connect electrically.

[0142] Thereafter, as shown in FIG. 31, the mold release
films 305 and 307 are peeled off from the insulating sub-
strate 309.

[0143] Thus, the circuit component built-in module as
described in the first embodiment can be obtained. The
above-mentioned method facilitates the production of the
circuit component built-in module as described in the first
embodiment.

[0144] In this embodiment, the mold release films 305 and
307 on which the wiring pattern 303 and 306 have been
formed beforehand are used, so that the obtained circuit
component built-in module has a smooth surface as a result
of burying the wiring patterns 303 and 306 in the insulating
substrate 309. The smoothness of the surface makes it
possible to mount the components on the wiring pattern 306
with high density, thus attaining higher density circuit com-
ponents.

[0145] Fourth Embodiment

[0146] A circuit component built-in module having a
configuration in which an entire wiring pattern on the
principal surface is covered with the second mixture will be
described with reference the fourth embodiment. FIG. 4A is
a cross-sectional view showing a circuit component built-in
module of this embodiment.

[0147] As shown in FIG. 4A, the circuit component
built-in module 400 of this embodiment includes an insu-
lating substrate 401 formed of a first mixture 405 including
70 weight % to 95 weight % of an inorganic filler and a
thermosetting resin and the second mixture 406 including 50
weight % to 90 weight % of an inorganic filler and a
thermosetting resin, wiring patterns 4024 and 4025 formed
on one principal surface and another principal surface of the
insulating substrate 401, a circuit component 403 (active
component 403a) connected to the wiring pattern 4024 and
placed in an internal portion of the second mixture 406, a
circuit component 403 (passive component 403b) connected
to the wiring pattern 402b and placed in an internal portion
of the second mixture 406, and inner via conductors 404
electrically connecting the wiring patterns 402a and 4025b.

[0148] The main difference between the first embodiment
and this embodiment is in that the second mixture 406
functioning as a sealing resin or a sealing sheet of the wiring
portion to the circuit component covers not only the con-
necting portion 402¢ between the active component 4034
and the wiring pattern 4024 but also the entire wiring pattern
402a. In general, if an organic film is used as a mold release
film, it stretches when buried into the circuit component, and
the wiring pattern is distorted. On the other hand, it is
possible to prevent disconnection and distortion of the
wiring pattern 402a, which occurs when the circuit compo-
nent 403 is buried due to the flaw of the uncured sheet
including the first mixture 405 by covering the wiring
pattern 402a connected to the active component 403a prior
to burying. Furthermore, the second mixture has a smaller
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amount of an inorganic filler and a larger amount of resin
composition with respect to the first mixture. Thus, the
adhesive strength of the wiring pattern is larger and the
reliability of the wiring pattern is improved. Hereinafter,
each configuration will be described.

[0149] The mixtures 405, 406 forming the insulating sub-
strate 401 include an inorganic filler and a thermosetting
resin. An example of the inorganic filler includes Al,Oj,
MgO, BN, AIN, and SiO,. It is desirable in the first mixture
405 that the inorganic filler is contained with high density,
i.e., 70 weight % to 95 weight %. On the other hand, it is
desirable in the second mixture 406 that the inorganic filler
is contained at 50 weight % to 90 weight % of the inorganic
filler. And it is desirable that the second mixture in a state in
which it is uncured has low viscosity so that it can be
injected into the connecting portion as a sealing resin
between the positive component 4034 and the wiring pattern
402a. Therefore, the containing rate of the inorganic filler is
smaller than that of the first mixture 405. However, as the
second mixture 406 covering the positive component 403a
and the wiring pattern 4024, an uncured sheet having a low
viscosity may be used. The weight of the inorganic filler
forming the uncured sheet is not limited to the range of 50
weight % to 90 weight %, and up to 95 weight % of an
inorganic filler may be included.

[0150] The average particle diameter of the inorganic filler
is desirably 0.1 gm to 100 um. Desirable examples of the
thermosetting resin include an epoxy resin, a phenol resin, a
cyanate resin, or a polyphenylene ether resin. An epoxy resin
is the most desirable because of its especially high heat
resistance. Each mixture further may include a dispersant, a
coloring agent, a coupling agent or a releasing agent.

[0151] Since the wiring patterns 402a, 402b, and 402c are
the same as the wiring patterns 102a and 1025, which are
described in the first embodiment, the same explanation is
not repeated herein.

[0152] In this embodiment, the wiring pattern 402a is
covered with the second mixture 406, and then buried in the
first mixture 405. Therefore, even if a fine line having
line/space of 50 um/50 ym or more is formed, disconnection
does not occur after the wiring pattern 4024 is buried. Thus,
the wiring pattern 4024 is not damaged.

[0153] The circuit component 403 includes, for example,
an active component 403a and a positive component 403b.
Since the active component 4034 and the positive compo-
nent 403b are the same as the active component 1034 and the
positive component 103h, which are described in the first
embodiment, the same explanation is not repeated herein.

[0154] The connection portion 402¢ between the wiring
pattern 402a and the active component 402c¢ uses, for
example, a flip chip bonding.

[0155] Since the inner via conductor 404 is the same as the
inner via conductor 104, which is described in the first
embodiment, the same explanation is not repeated herein. It
is needless to say that the inner via conductor is not always
necessary in accordance with the configuration of the mod-
ule and the application of use.

[0156] FIG. 4A describes the circuit component built-in
module 400 in which the wiring pattern 402a and 40256 may
not be buried in the insulating substrate 401. However, the
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configuration is not always limited to this and the wiring
patterns 4024 and 402b are not buried in the insulating
substrate 401.

[0157] Furthermore, it is further preferable that, as shown
in FIG. 4B, the protective film 407 made of a resist or a
sealing resin is formed on the region excluding the external
lead wiring of the wiring pattern 402a. According to this
configuration, in particular, the connection portion 402¢
between the active component 403a and the wiring pattern
402a is constrained by the protective film 407, and thus the
connection reliability is improved.

[0158] Fifth Embodiment

[0159] A method for producing a circuit component built-
in module described with reference to the fourth embodi-
ment will be described with reference to the fifth embodi-
ment. The materials and the circuit components used in the
fifth embodiment are the same as those described in the
fourth embodiment.

[0160] FIGS. 5A to 5I are cross-sectional views showing
a process for producing the circuit component built-in
module of this embodiment.

[0161] First, as shown in FIG. 5A, a wiring pattern 503a
is formed on a mold release film 505, and an active com-
ponent, for example, a semiconductor chip 504 is mounted
on the wiring pattern 503a via a connection portion 503b.
The method for mounting the semiconductor chip 504 is the
same as in the second embodiment (see FIGS. 2A and 2B),
and the explanation is not repeated herein.

[0162] Thereafter, as shown in FIG. 5B, a sealing resin
including the second mixture 510 is injected into not only a
connection portion 503¢ but also an entire portion of the
wiring pattern 503a connected to the active component for
sealing. Thus, the injection of the sealing resin prevents the
stress concentration. This makes it possible to prevent the
generation of gap between the semiconductor chip 504 and
the wiring pattern 503g, a disconnection of the wiring
pattern 5034 and the distortion of the wiring pattern 5034,
and the like.

[0163] Then, as shown in FIG. 5C, by processing the
mixture including an inorganic filler and a thermosetting
resin in a form of a plate, a first mixture plate 500 is formed.
Thereafter, the wiring patterns 503a on which the semicon-
ductor chip 504 is mounted and a mold release film 505 are
superimposed on the first mixture plate 500 in a suitable
position.

[0164] Then, as shown in FIGS. 5C and 5D, the mold
release film 505 is superimposed on the first mixture 500 in
a suitable position and pressed. Thereby, the semiconductor
504 mounted on the mold release film 505 is buried into the
first mixture 500. Since the above-mentioned process is the
same as in the second embodiment (see FIGS. 2C and 2D),
the same explanation is not repeated herein. The wiring
pattern 503a and the semiconductor 504 are sealed with the
second mixture 510 and thus completely protected.

[0165] Then, as shown in FIGS. 5E and 5F, the positions
of the wiring pattern 503a, which are formed on the prin-
cipal surface corresponding to the through-holes 501, are
recognized by a method using an X-ray, etc. in a state in
which the semiconductor chip 504 is buried in the first
mixture 500. Thus, the through-holes 501 are formed on the
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predetermined position in the first mixture 500, and the
conductive resin composition 502 is filled in the through-
hole 501. Since the above-mentioned processes are the same
as in the second embodiment (see FIGS. 2E and 2F), the
explanation is not repeated herein.

[0166] In parallel to the processes of FIGS. 5A to 5E, as
shown in FIG. 5G, a wiring pattern 503c is formed on the
mold release film 507, and the passive component, for
example, a chip capacitor 506, is mounted. Thereafter, as
shown in FIG. 5H, the second mixture 510 is formed so as
to cover the chip capacitor 506 and the wiring pattern 503¢
connected to the chip capacitor 506. The method for pro-
ducing the second mixture 510 is the same as in FIG. 5B.

[0167] Then, as shown in FIG. 5F, the mold release film
507 is superimposed in the suitable position on the surface
of the first mixture 500 on the opposite side to the surface
having the semiconductor chip 504 so that the wiring pattern
506 is connected to the conductive resin composition 502 in
the predetermined portion.

[0168] Thereafter, as shown in FIGS. 5F and 5I, the
product in which the mold release film 507 is superimposed
in the suitable position on the surface opposite to the surface
having the semiconductor chip 504 on the first mixture 500
is pressed from the outside of the mold release film 507 and
heated. Thus, the thermosetting resin in the first mixture 500,
the second mixture 510 and the conductive resin composi-
tion 502 is cured, so that a plate is formed in which the
semiconductor chip 504, the chip capacitor 506 and the
wiring patterns 5034, 503b and 503c are buried in the first
mixture 500.

[0169] The heating is performed at a temperature equal to
or higher than a temperature at which the thermosetting resin
in the first mixture 500, the second mixture 501 and the
conductive resin composition 502 is cured (e.g., 150° C. to
260° C.). The first and second mixtures 500 and 501 serve
as an insulating substrate 509, and the conductive resin
composition 502 serves as an inner via conductor 511. The
inner via conductor 511 allows the wiring patterns 5034 and
the wiring pattern 503c to connect each other electrically.

[0170] Thereafter, as shown in FIG. 5J, the mold release
films 505 and 507 are peeled from the insulating substrate
509.

[0171] Thus, the circuit component built-in module as
described in the fourth embodiment can be produced.
According to the producing method mentioned above, the
connection reliability between the built-in chip capacitor
506 and the wiring pattern 503c can be secured with the
second mixture 510.

[0172] Sixth Embodiment

[0173] A method for producing the circuit component
built-in module described with in the fourth embodiment
will be described with reference to the sixth embodiment.
The materials and the circuit components used in this
embodiment are the same as in the fourth embodiment.

[0174] FIGS. 6A to 61 are cross-sectional views showing
a process for producing the circuit component built-in
module of this embodiment.

[0175] First, as shown in FIG. 6A, a copper foil wiring
pattern 603a is formed on a mold release film 605, and a
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circuit component, for example, a semiconductor chip 604,
is mounted on the copper foil wiring pattern 603a via a
connection portion 603b. The sealing is performed by inject-
ing the second mixture 610a between the copper foil wiring
pattern 603a and the semiconductor chip 604. This injection
of the mixture for sealing makes it possible to release the
stress concentrated on the connection portion 603 by the
entire second mixture 610a. In the subsequent process in
which the semiconductor device is buried in a from of the
plate, it is possible to prevent the generation of a gap
between the semiconductor device and the wiring pattern.
For the mixture for sealing, an underfill resin, which can be
used for the general flip chip bonding, can be used.

[0176] At the same time, by processing the mixture
including the inorganic filler and the thermosetting resin in
a form of a sheet, the second mixture 610b is formed. The
second mixture sheet 610b desirably has a low melting
viscosity because it covers a fine wiring pattern 603a or the
semiconductor 604.

[0177] Then, as shown in FIGS. 6A and 6B, the second
mixture (a mixture sheet) 6100 is superimposed on the
semiconductor chip 604 mounted on a mold release body
605 and is pressed and heated. Thus, the wiring pattern 603a,
the semiconductor chip 604, and the connection portion
603b, which are covered with the cured second mixture
610b, can be obtained.

[0178] When the region of the wiring pattern connected to
the semiconductor chip 604 is relatively large, as described
in the fifth embodiment, it is difficult to cover the region with
a sealing resin. However, according to the method of this
embodiment, it is easy to cover the entire wiring pattern and
protect it easily.

[0179] Inparallel to the processes shown in FIGS. 6A and
6B, a first mixture 600 in an uncured state is formed by
mixing an inorganic filler and a thermosetting resin.

[0180] Thereafter, as shown in FIG. 6C, the semiconduc-
tor chip 604 and the copper foil wiring pattern 6034, which
are protected by the second mixture 610a and 6105 are
superimposed on the first mixture 600 placed in a mold 620,
so that the first mixture 600 has a predetermined thickness.

[0181] Then, as shown in FIGS. 6C and 6D, the semi-
conductor chip 604 and the copper foil pattern 6034, which
are protected by the second mixture 610a and 610D, are
superimposed on the first mixture 600, and a plate in which
the semiconductor 604 and wiring patterns 6032 and 603b
are buried in the first mixture 600 is formed. According to
this method, the process of primarily molding the first
mixture 600 into the plate 500 as shown in the fifth embodi-
ment can be omitted, thus facilitating the process.

[0182] Since the process after the semiconductor chip 604
is buried in the first mixture 600 (see FIGS. 6E to 67J) is the
same as in the fifth embodiment, the same explanation is not
repeated herein.

[0183] Seventh Embodiment

[0184] One example of a circuit component built-in mod-
ule in which a thermal via conductor is placed will be
described with reference to the seventh embodiment. FIG. 7
iS a cross-sectional view showing a circuit component
built-in module of this embodiment.
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[0185] As shown in FIG. 7, the circuit component built-in
module 700 of this embodiment includes an insulating
substrate 701 including a first mixture 705 and a second
mixture 706; two-layered wiring patterns 7024, 702b and
702aa, 702bb, which are formed on one principal surface
and another principal surface of the insulating substrate 701;
a circuit component, for example, a semiconductor device
709, which is connected to the wiring patterns 702a and
702b and placed in the internal portion of the insulating
substrate 701 (an internal portion of the second mixture
706); inner via conductors 704 allowing the wiring patterns
702b and 702bb to connect each other electrically; and
thermal via conductors 708 physically connecting the semi-
conductor device 709 and the wiring patterns for releasing
heat 702 (702aa and 702bb).

[0186] The main difference between the fourth embodi-
ment and this embodiment is in that this configuration
allows the heat generated from the semiconductor device
709 to release not only by the first mixture 705 but also by
the thermal via conductor 708. Hereinafter, each configura-
tion will be described.

[0187] The mixtures 705, 706, forming the insulating
substrate 701, include a mixture of an inorganic filler and a
thermosetting resin. An example of the inorganic filler
includes Al,O5, MgO, BN, AIN, and SiO,. It is desirable in
the first mixture 705 that a high density, i.e., 70 weight % to
95 weight % of an inorganic filler is contained. On the other
hand, it is desirable in the second mixture 706 that 50 weight
% to 90 weight % of an inorganic filler is contained.
Furthermore, it is desirable that the second mixture 706,
which is in uncured state, has a low viscosity so that it can
be injected into the connecting portion 702¢ between the
semiconductor device 709 and the wiring pattern 7024 as a
sealing resin. However, an uncured sheet having a low
viscosity may be used for the second mixture 706 covering
the semiconductor device 709 and the wiring pattern 7024.
The weight of the inorganic filler forming the uncured sheet
is not limited to 50 weight % to 90 weight % and up to 95
weight % of an inorganic filler may be included.

[0188] The average particle diameter of each inorganic
filler is desirably 0.1 um to 100 um. Desirable examples of
the thermosetting resin include an epoxy resin, a phenol
resin, a cyanate resin, or a polyphenylene ether resin. An
epoxy resin is particularly desirable because of its high heat
resistance. Each mixture further may include a dispersant, a
coloring agent, a coupling agent or a releasing agent.

[0189] Since the wiring patterns 7024, 702b, and 702c are
the same as the wiring patterns 102a and 1025, which are
described in the first embodiment, the same explanation is
not repeated herein.

[0190] In this embodiment, similar to the fourth embodi-
ment mentioned above, the wiring pattern 7024 is protected
by the second mixture 706 and then buried in the first
mixture 705. Therefore, even if a fine line having line/space
of 50 um/50 um or more is formed, disconnection, etc. does
not occur after the wiring pattern 7024 is buried. Thus, the
wiring pattern 7024 is not damaged.

[0191] The connection portion 702¢ between the wiring
pattern 702a and the semiconductor device 709 uses, for
example, a flip chip bonding.
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[0192] Since the inner via conductors 704 are the same as
the inner via conductors 104 described in the first embodi-
ment mentioned above, the explanation is not repeated
herein.

[0193] The thermal via conductors 708 include, for
example, a thermosetting conductive substance. For
example, a conductive resin composition mixing a metal
particle and a thermosetting resin can be used for the thermal
via conductor 708. An example of the metal particle material
includes silver, copper, etc., which has a high thermal
conductivity. Unlike the inner via conductor, since the
thermal via conductor provides the thermal conductivity, it
is desirable that the thermal via conductor has a diameter
that is larger than that of the inner via conductor, and the
content of the metal particle is higher than that of the inner
via conductor. However, they may be equal to those of the
inner via conductor.

[0194] In the circuit component built-in module 700
shown in FIG. 7, the wiring patterns 702a and 702b are
buried in the insulating substrate 701. However, the wiring
patterns 702a and 702b are not required to be buried in the
insulating substrate 701. In this embodiment, since the heat
generated in the semiconductor device 709 is released by the
thermal via conductor 708, it is possible to suppress the heat
increase of the chip.

[0195] In this embodiment, the configuration having a
two-layered wiring pattern is described. However, the wir-
ing pattern is not limited to a two-layer structure, and a
single layer structure may be used.

[0196] Eighth Embodiment

[0197] One embodiment of a method for producing the
circuit component built-in module described in the seventh
embodiment will be described with reference to the eighth
embodiment. The materials and the circuit components used
in this embodiment are the same as those described in the
seventh embodiment.

[0198] FIGS. 8A to 81 are cross-sectional views showing
a method for producing the circuit component built-in
module of this embodiment.

[0199] First, as shown in FIG. 8A, a wiring pattern 801
made of, for example, a copper foil, is formed on a mold
release film 805a.

[0200] Then, as shown in FIG. 8B, a layer electrolytically
plated with, for example Ni and Au, is formed on the wiring
pattern 801.

[0201] Then, as shown in FIG. 8C, an active component,
for example, a semiconductor chip 804 is mounted on the
wiring pattern 802 via a connection portion 803b. The
method for mounting the semiconductor chip 804 is the
same as in FIGS. 2A and 2B, and the same explanation is
not repeated herein.

[0202] Then, as shown in FIG. 8D, sealing is performed
by injecting the second mixture 810 not only in the connec-
tion portion 8035 but also in the entire region of the wiring
patterns 801 and 802 connected to the semiconductor chip
804. This injection of the sealing resin makes it possible to
prevent the generation of a gap between the semiconductor
chip 804 and the wiring patterns 801 and 802, the discon-
nection of the wiring patterns 801 and 802, and the distortion
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of the wiring patterns 801 and 802, and the like. An underfill
resin, which is used for a general flip chip bonding, can be
used for the second mixture 810 used as a sealing resin.

[0203] Then, as shown in FIG. 8F, by processing the
mixture of an inorganic filler and a thermosetting resin in a
form of a plate, a first mixture 800 is formed into a plate.
Thereafter, through-holes for the thermal via conductors 807
are pierced in the direction of the thickness by using a laser,
etc. into the first mixture 800. In this case, in order to
conduct the heat sufficiently, a through-hole for a thermal via
conductor 807 having a relatively large diameter, for
example, a diameter of 0.5 mm is pierced.

[0204] Thereafter, the semiconductor chip 804 mounted
on the mold release film 8054 is buried in the first mixture
800. This process is the same as in FIG. 2C, and the same
explanation is not repeated herein. The wiring patterns 801,
802 and the semiconductor chip (active component) 804 are
sealed by the second mixture 810 so that they are in a
completely coated and protected state.

[0205] Then, as shown in FIGS. 8H and 8], through-
holes 808 for the inner via conductors are formed in the
predetermined position by recognizing the position of the
wiring patterns by a method using an X-ray, etc. The
conductive resin composition 809 is filled in the through
holes 808 for the inner via conductor and at the same time,
the conductive resin composition 811 in the through-holes
807 for the thermal via conductor. The conductive resin
composition 811 for the through hole for the thermal via
conductor desirably employs high density composition
including 90 weight % or more of metal particles. Since the
above-mentioned processes are the same as in FIGS. 2E
and 2F, the same explanation is not repeated herein.

[0206] In parallel to the processes of FIGS. 8D to 8F, as
shown in FIG. 81, two layered-structures of wiring patterns
816 and 817 are formed on the mold release film 805b.

[0207] Then, as shown in FIG. 87, the mold release film
805b on which two layered structure of wiring patterns 816
and 817 formed is superimposed on the surface of the first
mixture 800 in a suitable position so that two layers of the
wiring patterns 816 and 817 are connected to the conductive
resin compositions 809 and 811 at the predetermined por-
tion.

[0208] Thereafter, as shown in FIGS. 8) and 8K, the first
mixture 800 on which the mold release film 805h having
two-layer structured wiring patterns 816 and 817 is super-
imposed in a suitable position, is pressed from the outside of
the mold release film 805b and heated. Thereby, the ther-
mosetting resin in the first mixture 800, the second mixture
810 and the conductive resin composition 809, 811 is cured.
Thus, a plate is formed in which the semiconductor chip 804,
and the wiring patterns 816 and 817 are buried in the first
mixture 800.

[0209] The heating is performed at a temperature equal to
or higher than a temperature at which the thermosetting resin
in the first mixture 800, the second mixture 801 and the
conductive resin composition 809 and 811 is cured (e.g.,
150° C. to 260° C.). Thus, the mixtures 800 and 810 serve
as an insulating substrate 815, the conductive resin compo-
sition 809 serves as an inner via conductor 813 and the
conductive resin composition 811 serves as a thermal via
conductor 814.
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[0210] Thereafter, as shown in FIGS. 8K and 8], the
mold release films 805z and 805bh are peeled from the
insulating substrate 815.

[0211] In the circuit component built-in module formed as
mentioned above, the wiring patterns 801, 802 are electri-
cally connected to the wiring patterns 816, 817 by the inner
via conductors 813. Furthermore, since the electrolytic
plated Ni, Au layer 802 is intervened between the inner via
conductor 813 and the copper foil wiring pattern 802, the
connection reliability between the inner via conductor 813
and the copper foil wiring pattern 802 is improved. Further-
more, since the thermal via conductor 814 allows the heat
generated at the semiconductor chip 804 to release by way
of the two-layer structured wiring patterns 816 and 817, the
increase of heat of the semiconductor chip 804 can be
suppressed radically.

[0212] In this embodiment, the conductive resin compo-
sitions 809, 811 are filled after the semiconductor chip 804
is buried. However, the process is not necessarily limited to
this. The conductive resin composition 809, 811 may be
filled before the semiconductor chip 804 is buried.

[0213] Furthermore, a two-layer structured wiring pattern
is described as an example, the wiring pattern may not
necessary limited to this and the wiring pattern may have a
single layer structure.

[0214] Ninth Embodiment

[0215] One example of a circuit component built-in mod-
ule having a multilayer structure of the present invention
will be described with reference to the ninth embodiment.

[0216] FIGS. 9A and 9B are cross-sectional views of a
circuit component built-in module of this embodiment.

[0217] As shown in FIG. 9A, the circuit component
built-in module 900 of this embodiment includes an insu-
lating substrate 901 including laminated insulating sub-
strates 901a, 9015 and 901c (each is formed of two kinds of
mixture layers 905 and 906); wiring patterns 902¢1 and
90251, 902aal and 902bb1, 90242 and 90252, 902442 and
902652, 90243 and 90253, and 902aa3 and 902bb3, each
having a two-layered structure, formed on the principal
surface and the internal portion of the insulating substrate
901; circuit components 908a, 908 and 908c connected to
the wiring pattern 90241 and 9025b1, 90242 and 90252, and
90243 and 90253 via connection portions 902c1, 902¢2 and
902c3; circuit components 904a, 904b, and 904¢ connected
to the wiring patterns 902aal, 902442, and 902a43; and
inner via conductors 907a, 907b and 907¢ electrically con-
necting to these wiring patterns.

[0218] Not shown in this figure, it is preferable that the
region excluding the external lead electrode of the wiring
patterns 90241 formed on the principal surface is covered
with a protective film such as a resist, etc. According to such
a configuration, it is possible especially to make the bump
connection right above the semiconductor chip 908a.

[0219] The insulating substrates 901a, 901b, and 901c
include two kinds of mixtures (first and second mixtures)
having a different amount of an inorganic filler. These two
kinds of mixtures include an inorganic filler and the ther-
mosetting resin. Since specific components are the same as
in the above-mentioned embodiments, the same explana-
tions are not repeated herein.
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[0220] Since the wiring patterns 90241, 902561, 902aal,
9026b1, 90242, 90252, 902aa2, 902bb2, 90243, 902b3,
902a43 and 902Hb3 are the same as in the wiring patterns
702a, 702b, 702aa, and 702bb, the same explanation is not
repeated herein.

[0221] The circuit components 9084, 908b, and 908¢ are
active components, and the circuit components 904a, 904b,
and 904c are passive components. For example, a semicon-
ductor device such as a transistor, an IC, an LSI, and the like,
are used for the positive component. A chip resistor, a chip
capacitor, a chip inductor, or the like, can be used for the
passive component. The circuit component built-in module
of this embodiment may not include the passive component
(circuit components 904a, 904b, and 904c).

[0222] The connection portion 902¢1 circuit component
908a that is an active component and the wiring patterns
90241, 902b1 uses, for example, a flip chip bonding.

[0223] The inner via conductors 9074, 907b, and 907c are
formed of for example, a thermosetting conductive sub-
stance. For example, a conductive resin composition includ-
ing metal particles and a thermosetting resin can be used for
the thermosetting conductive material. The metal particles
and the thermosetting resin are the same as in the embodi-
ments mentioned above, and the same explanation is not
repeated herein.

[0224] 1In the circuit component built-in module 900
shown in FIG. 9A, the wiring patterns 90241, 902b1, etc.
are buried in the insulating substrate 9014, etc. However, the
wiring patterns 902a1, 902b1, etc. may not be buried in the
insulating substrate 9014, etc.

[0225] Although FIG. 9A shows the circuit component
built-in module 900 having a three-layered structure, a
structure having any number of layers can be formed
depending on the design.

[0226] FIG. 9B shows another example of the circuit
component built-in module of this embodiment.

[0227] In the circuit component built-in module shown in
FIG. 9B, a double-sided two-layered wiring substrate 910 is
laminated on the wiring substrate having the same configu-
ration as that of the lowest layer 909 of the three-layered
wiring substrate shown in FIG. 9A. In the double-sided
two-layered wiring substrate 910, the wiring patterns 912a
and 9125 are formed on both sides of the insulating substrate
911, and these wiring patterns are connected to each other by
inner via conductors 913.

[0228] This configuration makes it easy to perform re-
wiring, and thus the configuration of the electrode such as an
LGA can be formed easily. In addition, the connection
portion 902¢3 between the circuit component 908c and
wiring pattern 90243, 90253 is constrained by the substrate.
Therefore, the module has a highly reliable interlayer con-
nection.

[0229] In this embodiment, the configuration having a
two-layered wiring pattern is described. However, the wir-
ing pattern is not limited to a two-layer structure and a single
layer structure may be used.

[0230] Tenth Embodiment

[0231] A method for producing the circuit component
built-in module shown in FIGS. 1, 4, 7, and 9 will be
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described with reference to this embodiment. In particular, a
method for mounting a circuit component on the mold
release carrier will be described. Therefore, the producing
method used in this embodiment is effective for the first to
ninth embodiments mentioned above.

[0232] FIGS. 10A to 10I are cross-sectional views show-
ing a method for producing a circuit component built-in
module in the tenth embodiment.

[0233] First, as shown in FIG. 10A, a copper foil wiring
pattern 1011 is formed on a mold release film (a mold release
carrier) 1005 provided with penetrating holes 10055 and a
circuit component, for example, a semiconductor chip 1004,
is flip-chip bonded thereon. The region without a wiring
portion directly beneath the semiconductor chip 1004 is
provided with one or more relatively large holes, so that
sealing resins can be injected easily. As the mold release film
10054, an organic film having a predetermined adhesive
strength, for example, polyethylene terephthalate, polyphe-
nylene sulfide, etc. may be used. Furthermore, a metal foil
such as a copper foil may be used. In particular, when the
wiring pattern is not covered with the second mixture, if the
resin film is used as the mold release carrier, the wiring
pattern may be stretched and cut off when buried. Therefore,
a metal foil carrier is preferred. The wiring pattern 1011 can
be formed, for example, through a photolithography process
or an etching process, after copper foil is adhered onto the
mold release film 1005a. Furthermore, a lead frame pro-
duced by etching or punching may be used for the wiring
pattern 1101.

[0234] A semiconductor chip 1004 is electrically con-
nected to the copper foil pattern 1011 via a conductive
adhesive 1012. As the conductive adhesive 1012, for
example, a mixture formed by mixing and kneading a
thermosetting resin with gold, silver, copper, or a silver-
palladium alloy can be used. Instead of the conductive
adhesive 1012, a gold bump produced by a gold wire
bonding or a solder bump may be formed on the side of the
semiconductor chip 1004 beforehand. In this case, the gold
or the solder may be dissolved by a heat treatment so that the
semiconductor chip 1004 can be mounted. Furthermore, the
solder bump can be used together with the conductive
adhesive.

[0235] Thereafter, as shown in FIG. 10B, a sealing is
performed by injecting the second mixture 1010 between the
copper foil wiring pattern 1011 and the semiconductor chip
1004. In general, injection is performed from the rear side of
the semiconductor chip 1004. However, in this embodiment,
the injection is performed by an injector 1013 connected to
a pump 1014 from the opposite side of the mold release film
(mold release carrier) 1005¢ via a penetrating through-hole
1005 formed on the carrier surface. Therefore, it is possible
to inject the second mixture (a sealing resin) 1010, which
was difficult to inject because of its adhesiveness. Thus, by
injecting the second mixture (sealing resin) 1010, it is made
possible to prevent the generation of gap between the
semiconductor chip 1004 and the wiring pattern 1101. An
underfill resin used in a general flip chip bonding can be
used for the mixture 1010, i.e., the sealing resin. However,
in this embodiment, it is possible to substitute the resin
including a large amount of inorganic filler and having a
high accuracy.

[0236] Since the processes after the semiconductor chip
1004 is buried in the sheet body 1000 (see FIGS. 10C to
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101) are the same as in the second embodiment, the same
explanation is not repeated herein.

[0237] Eleventh Embodiment

[0238] A circuit component built-in module according to
this embodiment has a configuration in which a multilayer
wiring substrate is laminated onto the circuit component
built-in module described in the embodiments mentioned
above. In particular, when a ceramic multilayer wiring
substrate is used as a multilayer wiring substrate, it is
possible to realize an RF module having a high frequency
property and function of the ceramic multilayer wiring
substrate.

[0239] FIGS. 12A to 12D show the configurations of the
circuit component built-in module of this embodiment in the
order of the process.

[0240] First, as shown in FIG. 12A, a ceramic multilayer
substrate 1201 having a wiring pattern 1208 on one principal
surface, a first mixture plate 1202 and the mold release
carrier 1203 are brought into contact so as to form into a
plate shown in FIG. 12B.

[0241] Furthermore, as shown in FIG. 12A, the first
mixture plate 1202 is provided with inner via conductors
1212 beforehand, as described in the second embodiment.
On the mold release carrier 1203, the wiring pattern 1204 is
formed, and the semiconductor chip 1205 is mounted and
sealed with the second mixture 1210.

[0242] Furthermore, it is preferable that the mold release
carrier 1203 is provided with a plurality of holes as in FIG.
11A in the second embodiment. Thus, as shown in FIG. 1D,
when the semiconductor chip 1205 is buried into the first
mixture 1202, excess mixture is ejected from the holes, and
the distortion of the inner via conductors 1212 is radically
reduced.

[0243] Next, after the mold release carrier 1203 is peeled
off as shown in FIG. 12C, a resist 1206 is formed on the
region excluding the external lead electrode (in particular, a
point of the wiring pattern directly connected to the semi-
conductor chip 1205) in the wiring patterns 1204 connected
to the semiconductor chip 1205 as shown in FIG. 12D.
Thereby, the wiring is constrained and the configuration has
a connection reliability.

[0244] Herein, an example in which the inner via conduc-
tors are formed before the circuit component is buried in
order to facilitate the processes is shown. However, the
configuration is not necessary limited to this. After the
circuit component is buried, the inner via conductors may be
formed by forming through-holes. Also, when it is possible
to secure a sufficient distance between the circuit component
and the inner via conductor, a mold release carrier without
holes may be used as a mold release carrier 1203.

[0245] Furthermore, depending on the applications of use,
instead of the ceramic multi-layer wiring substrate, a resin
multilayer wiring substrate such as FR-4, etc. may be used.

[0246] Twelfth Embodiment

[0247] Similar to the eleventh embodiment, a circuit com-
ponent built-in module according to this embodiment has a
configuration in which a multilayer substrate is laminated
onto the circuit component built-in module described in the
first to tenth embodiments.
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[0248] However, in the circuit component built-in module
of this embodiment, the wiring pattern connecting to the
circuit component is sealed by the multilayer wiring sub-
strate, while in the circuit component built-in module of the
eleventh embodiment, the wiring patterns connecting to the
circuit component are formed on the opposite side to the
interface to the multilayer wiring substrate.

[0249] A configuration and the producing method of the
circuit component built-in module of this embodiment will
be described with reference to FIGS. 13A to 13E.

[0250] First, as shown in FIG. 13A, a ceramic multilayer
wiring substrate 1304 is prepared as a multilayer wiring
substrate, and a bare semiconductor chip 1301 as a circuit
component is mounted on the ceramic multilayer wiring
substrate 1304.

[0251] In this case, a connection bump 1302 is formed on
the wiring pattern 1303 formed on one principal surface of
the ceramic multilayer wiring substrate 1304. Then, the bare
semiconductor chip 1301 is connected to the connection
bump 1302.

[0252] Thereafter, as shown in FIG. 13B, at least the
connection portion between the wiring patterns 1303 and the
bare semiconductor chip 1301 is sealed with the second
mixture 1310. At this time, it is preferable that not only the
connection portion but also a part of an entire portion of the
wiring pattern 1303 is sealed with the second mixture 1310.
For example, in the specific example shown in FIG. 13B,
among the wiring pattern 1303, only the region on which the
connection bump 1302 is formed is sealed with the second
mixture 1310. However, the configuration is not particularly
limited to this, and an entire portion of the wiring pattern
1303 may be sealed with the second mixture 1310.

[0253] Similarly, as shown in FIG. 13B, the ceramic
multilayer substrate 1304 on which the bare semiconductor
chip 1301 is mounted is superimposed on an uncured first
mixture 1311 that is formed in a plate in a suitable position,
and pressured so as to bury the bare semiconductor chip
1301 into the first mixture 1311.

[0254] Then, as shown in FIG. 13C, through-holes pen-
etrating to the wiring pattern 1303 are formed in the first
mixture 1311 and a conductive substance is injected into the
through-holes. Thus, the inner via conductors 1312 are
formed.

[0255] Thereafter, as shown in FIG. 13D, a wiring pattern
1308 is formed on the mold release carrier 1311 formed of,
for example, a resin film. The mold release carrier 1311 is
superimposed on the first mixture 1311 and pressed and
heated so as to bury the wiring pattern 1308 into the first
mixture 1311. Then, the mold release carrier 1311 is peeled
off. Thus, as shown in FIG. 13E, a circuit component
built-in module is completed.

[0256] This circuit component built-in module serves as
an RF module having an excellent high frequency property
and function of ceramics by employing the ceramic multi-
layer wiring substrate 1304.

[0257] Furthermore, as shown in FIG. 14, the finished
circuit component built-in module shown in FIG. 13E may
have a configuration in which a passive component 1401,
and the like, such as an inductor, a resistor, a capacitor, etc.
are connected to the wiring pattern (not shown) on the
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surface layer of the ceramic multilayer wiring substrate
1304, and they are sealed within the resin layer 1402. By
making the surface of the resin layer 1402 smooth, a circuit
component built-in module having an excellent mounting
property can be attained. Moreover, instead of the resin layer
1402, a resist may be used.

[0258] The circuit component built-in module of this
embodiment has a configuration in which a wiring pattern
1303 and connection bump 1302 connecting to the bare
semiconductor chip 1301 are constrained between the
ceramic multilayer wiring substrate 1304 and the first mix-
ture 1311 or the second mixture 1310. Therefore, the module
of this embodiment exhibits a stable connection and high
reliability such as a heat cycle, etc.

[0259] In this embodiment, ceramic multilayer wiring
substrate is used as a multilayer wiring substrate. Depending
upon the application of use, instead of the ceramic multi-
layer substrate, a resin substrate such as an FR-4 may be
used. Furthermore, a bare semiconductor chip is used as an
example of a circuit component. However, other active
component or passive component may be used.

[0260] Furthermore, in a method of this embodiment, after
the bare semiconductor chip 1301 is buried in the first
mixture 1311, then the inner via conductors 1312 are
formed. The method for forming the inner via conductors is
not necessarily limited to this. In other words, when the
distance between the circuit component and the inner via
conductor is secured, before the circuit component is buried,
the inner via conductors may be formed in the uncured first
mixture. Also, if the mold release carrier having holes as
shown in FIG. 11A in the second embodiment is used, when
the wiring patterns are buried, an excess portion of the first
mixture can be ejected from the hole, thus reducing the
distortion of the inner via conductor or wiring pattern.

[0261] Thirteenth Embodiment

[0262] One embodiment of a radio device according to the
present invention will be described.

[0263] As shown in FIG. 15, the radio device 1500 of this
embodiment includes a high frequency analog circuit 1501,
a base-band circuit 1502 and an antenna 1503.

[0264] The high frequency analog circuit 1501 includes an
antenna switch 15014, an RF filter 15015, an low notice
amplifier (LNA) 1501¢, mixers 1501d, an IF amplifierA/D
converter 1501e, a voltage controlled oscillator (VCO)
1501f, a phase-looked loop (PLL) 1501g, an IF
amplifier*D/A converter 1501 and a power amplifier 1501/.
The base-band circuit 1502 performs a digital signal pro-
cessing such as base-band modulation, correction, and the
like.

[0265] In this radio device, each of circuit components of
high frequency analog circuit 1501 can be constituted by the
circuit component built-in module described in the first to
twelfth embodiments. In particular, when the RF module
having the ceramic multilayer wiring substrate described in
the eleventh or twelfth embodiment is used, a high perfor-
mance radio device can be obtained because of an excellent
high frequency property of ceramics.

[0266] Moreover, for example, a plurality of circuit com-
ponents such as a combination of, for example, VCO 1501f
and PLL 1501g, can be built in one module. By enhancing
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the degree of integration to the maximum, it is possible to
form an entire high frequency analog circuit 1501 into one
circuit component built-in module.

EXAMPLES

[0267] Hereinafter, the present invention will be described
in detail by way of examples.

Example 1

[0268] In this example, in the production of a circuit
component built-in module of the present invention, an
example of a method for producing an insulating substrate
formed of two mixtures including an inorganic filler and a
thermosetting resin will be described.

[0269] In this example, the first mixture forming an insu-
lating substrate was produced with the composition shown
in Table 1. Sample 1 in Table 1 is a comparative example.

Oct. 18, 2001

[0278] BN: product of Denki Kagaku Kogyo K.K.

[0279] MgO: reagent 1st grade, manufactured by Kanto
Kagaku K.K.

[0280] In this example, an epoxy resin manufactured by
Nippon Pelnox (WE-2025) was used for the liquid epoxy
resin. A phenol resin manufactured by Dainippon Ink and
Chemicals, Inc. (Fenolight, VH-4150) was used for the
phenol resin. A cyanate resin manufactured by Asahi Ciba
(AroCy, M-30) was used for the cyanate resin. In this
example, carbon black or a dispersant was added as an
additive.

[0281] A first mixture was produced in the following
manner. First, a predetermined amount of a paste mixture
obtained by mixing the composition shown in Table 1 was
dropped onto a mold release film. The paste mixture was
prepared by mixing an inorganic filler and a liquid thermo-
setting resin with an agitator for about 10 minutes. The

TABLE 1

In- Thermo- Addi-

organic setting tives
filler *1 resin *2 (wt %) *3 *4 %5 *6 *7
1 ALO; 60 Liquid 39.8 Carbon 052 45 35 03 8.1
2 AlO; 70 epoxy 29.8 black 087 32 47 03 10.1
3 AlO; 80 resin 19.8 (0.2) 12 26 58 03 16.5
4 Al,O; 85 WE- 14.8 28 21 61 02 15.5
5 AlO; 90 2025 9.8 45 16 67 02 18.7
6 AlO, 95 4.8 55 11 71 02 17.1
7 MgO 78 Liquid 21.8 Carbon 42 24 81 04 152
8 BN 77 epoxy 22.8 black 55 10 68 03 17.4
9 AIN 85 resin WE  14.8 (0.2) 58 18 73 03 19.3
10 SiO, 75 -2025 24.8 22 7 35 02 182
10 ALO; 90 Phenol 9.8 Carbon 4.1 1 77 05 13.2

resin black

0.2)
1 AlO, 90 Cyanate 9.8 Disper- 38 15 73 02 14.5

resin sant

0.2)

*1 = amount of inorganic filler (weight %)
*2 = amount of thermosetting resin (weight %)

*3 = thermal conductivity (W/m - K)

*4 = coefficient of linear thermal conductivity (ppm/° C.)

*5 = dielectric constant 1 MHz
*6 = dielectric loss 1 MHz (%)
*7 = breakdown voltage (AC) KV/mm

[0270]
Nippon Pelnox

liquid epoxy resin: WE-2025, manufactured by

[0271] phenol resin: Fenolight VH-4150, manufactured
by Dainippon Ink and Chemicals, Inc.

[0272]
Asahi Ciba

[0273]
Carbon

cyanate resin: AroCy M-30, manufactured by

carbon black: R-930, manufactured by Toyo

[0274] dispersing agent: PLYSURF S-208F, manufac-

tured by DAI-ICHI SEITYAKU KOGYO CO., LTD.
AS-40, manufactured by SHOWA

[0275] ALO.:
DENKO K.X.

[0276] SiO,: reagent 1st grade, manufactured by Kanto

Kagaku K.K.

[0277] AIN: product of DOW CHEMICAL LIMITED
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agitator used in this example operates in such a manner that
an inorganic filler and a liquid thermosetting resin are placed
in a container, and the container itself rotates so as to stir the
mixture in the container. The mixture obtained by using this
agitator is dispersed sufficiently, even if the mixture has a
relatively high viscosity. A polyethylene terephthalate film
having a thickness of 75 um was used for the mold release
film, and the surface of the film was subjected to a mold
release treatment with silicon.

[0282] Next, another mold release film was placed on the
paste mixture on the mold release film, and pressing was
performed by a pressurizing press so as to form a mixture
plate having a thickness of 200 um. The excellent mixture
plate also was obtained by placing a slurry mixture having
alowered viscosity on the mold release film and molding the
slurry into a plate by a doctor blade method.
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[0283] Next, in order to evaluate various properties of the
electric insulating substrate, a cured material of the first
mixture plate was formed.

[0284] The cured material can be obtained by pressurizing
at 50 kg/cm® and heating at 170° C., and then peeling off the
heat resistant mold release film.

[0285] After processing the insulating substrate including
a hardened material of the first mixture plate into a prede-
termined size, the thermal conductivity, the coefficient of
linear thermal expansion, and the breakdown voltage were
measured. The thermal conductivity was obtained in the
following manner. A surface of a sample of 10 mmx10 mm
was heated in contact with a heater, and the temperature on
the portion in contact with a heater and the temperature of
the opposite surface were measured. The thermal conduc-
tivity was calculated based on the increase in the tempera-
ture on the opposite surface. The coefficient of linear thermal
expansion was obtained in the following manner. A change
in the size of the insulating substrate was measured when the
temperature was raised from room temperature to 140° C.,
and the coefficient of linear thermal expansion was calcu-
lated based on the average value of the change. The break-
down voltage was obtained in the following manner. A
breakdown voltage was calculated when an AC voltage was
applied to the insulating substrate made of the first mixture
in the thickness direction, and a breakdown voltage per unit
thickness was calculated.

[0286] As shown in Table 1, when Al,O, was used for the
inorganic filler, the insulating substrate produced according
to the above-mentioned method had a thermal conductivity
of about 10 times or more that of a conventional glass-epoxy
substrate (thermal conductivity of 0.2 w/mK to 0.3 w/m-K).
When the content of Al,05 was about 85 weight % or more,
the thermal conductivity was 2.8 w/m'K or more. Al,O; is
also advantageous for reducing cost.

[0287] When amorphous SiO, was used for the inorganic
filler, the coefficient of linear expansion became closer to
that of a silicon semiconductor (a coefficient of linear
expansion of 3x107*° C.). Therefore, the insulating sub-
strate using amorphous SiO, as the inorganic filler is pref-
erable as a flip chip substrate on which a semiconductor is
mounted directly.

[0288] Furthermore, when SiO, was used for the inorganic
filler, an insulating substrate having as low a dielectric
constant as 3.4 to 3.8 was obtained. SiO, is advantageous in
view of its low specific gravity. A circuit component built-in
module using Si0O, as the inorganic filler is desirably used as
a high frequency module such as a cellular phone.

[0289] When BN was used for the inorganic filler, an
insulating substrate having a high thermal conductivity and
a low coefficient of linear expansion was obtained.

[0290] As shown in Table 1, the breakdown voltages of the
insulating substrates of all the samples except sample 1 (the
comparative example), which uses 60 wt % of Al,O; as the
inorganic filler, were 10 kV/mm or more. The breakdown
voltage of the insulating substrate serves as an index for the
adhesive property between an inorganic filler that is a
material of the first mixture and a thermosetting resin.
Namely, when the adhesive property between the inorganic
filler and the thermosetting resin is poor, a small gap is
generated therebetween, thus deteriorating the breakdown
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voltage. Furthermore, such a small gap deteriorates the
reliability of the circuit component built-in module. Gener-
ally, a breakdown voltage of 10 kV/mm or more means that
the adhesion between the inorganic filler and the thermo-
setting resin is good. Therefore, it is preferable that the
content of the inorganic filler is 70 wt % or more.

[0291] Furthermore, when the content of the thermosetting
resin is low, the strength of the insulating substrate is
lowered. Therefore, it is desirable that the content of the
thermosetting resin is 4.8 weight % or more.

Example 2

[0292] A case where a circuit component built-in module
produced by the method described in the fifth embodiment
will be described in this example.

[0293] The composition of the first mixture used in this
example includes 90 wt % of Al,O; (55 40 manufactured by
Showa Denko K. K., average particle diameter of 12 um),
9.5 wt % of liquid epoxy resin (EF-450 manufactured by
Nippon Rec Co. Ltd.), 0.2 wt % of carbon black (manufac-
tured by Toyo Carbon) and 0.3 wt % of a coupling agent
(46B, titanate based coupling agent manufactured by Aji-
nomoto Co., Inc.).

[0294] The materials were treated under the same condi-
tions as those in Example 1, so as to produce an uncured
plate (thickness of 400 ym).

[0295] On the other hand, a copper foil wiring pattern
having a thickness of 8 um was formed on the copper foil for
a mold release carrier for the principal surface and the
opposite principal surface. In this case, a fine pattern having
L/S (line/space) of 75 um/75 um was employed. The wiring
pattern was formed on the copper foil wiring pattern having
a thickness of 8 um by exposure, developing, and etching.
The thickness of the copper foil used for the wiring pattern
ranges from 3 um to 20 um depending upon applications of
use.

[0296] The copper foil wiring pattern for the principal
surface had been made rough on one side. A conductive
adhesive was coated on the rough surface, and the semicon-
ductor device was flip-chip bonded (see FIG. 2A), and
superimposed on the plate so that the rough surface of the
copper foil faced the plate side. A chip capacitor was
mounted on the mold release carrier on the opposite side.

[0297] Before the semiconductor was flip-chip bonded
and superimposed so that the rough surface of the copper foil
faced the plate, a sealing resin including the second mixture
was injected so as to bury the whole wiring patterns con-
necting to the semiconductor and the wiring pattern and a
gap between the semiconductor device and the wiring pat-
tern. As the second mixture to be used as the sealing resin,
the resin whose constant of thermal expansion was adjusted
by selecting materials of inorganic fillers was used. In this
Example, the sealing resin including 70 weight % of SiO,
(which includes 80% of fused SiO, having a small constant
of thermal expansion and 20% of crystalline SiO, having a
relatively large constant of thermal expansion) and 30
weight % of thermosetting resin was used.

[0298] A sealing resin was injected as follows. More
specifically, a hot plate heated to 70° C. was tilted, and the
mold release carrier having the copper foil wiring pattern
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provided with the semiconductor device was mounted on the
hot plate. Thereafter, a sealing resin was gradually injected
between the semiconductor device and the wiring pattern
with an injector. The sealing resin injection between the
semiconductor device and the wiring pattern was completed
in about several tens seconds. Furthermore, the wiring
pattern could be covered easily. As the thermosetting resin
(sealing resin), one-component liquid type epoxy resin was
used. Similarly, the circumference of the chip capacitor was
covered with the sealing resin. Heating was performed at
150° C. for 2 hours to cure the sealing resin.

[0299] Since the coefficient of linear expansion of the
sealing resin was 110 ppm/° C. that is the middle level
between that of the semiconductor device and that of the first
mixture, the sealing resin served effectively as a relaxing
layer for thermal shock.

[0300] After the semiconductor device was flip-chip
bonded and superimposed so that the roughened surface of
the copper foil faced the plate side, heating and pressing
were performed by a hot-press at a temperature of 70° C. and
a pressure of 10 kg/cm?® for 15 minutes. Since the thermo-
setting resin in the plate was softened by heating at a
temperature below the curing temperature, the semiconduc-
tor device was buried into the plate easily. Although the first
mixture forming the plate radically flew, neither distortion
nor disconnection of the wiring pattern occurred.

[0301] On the other hand, as a comparative example, the
wiring pattern was formed on the adhesive mold release
carrier made of polypropylene and the semiconductor chip
was mounted thereon, and sealed with the sealing resin
including the second mixture and similarly buried in the
plate by the use of the thermal pressing machine. Then, the
partial disconnection or distortion on the wiring patterns
occurred.

[0302] The above mentioned results show that the mold
release carrier formed of a metal foil can suppress the
deformation due to the stretch of the substrate sheet unlike
a polypropylene film. Furthermore, by covering the wiring
pattern with the sealing resin including the second mixture,
it is possible to protect the wiring pattern when buried.

[0303] After the position of the wiring pattern correspond-
ing to the inner via hole was recognized by a method using
an X-ray, etc., through-holes (diameter of 0.15 mm) for the
inner via conductors were formed by using a carbon dioxide
gas laser (see FIG. 5E).

[0304] As a comparative example, after the through-holes
for the inner via conductors were formed on the plate
beforehand, the semiconductor integrated module in which
the semiconductor chip was buried was formed. The
through-holes were pressed due to the flow of the first
mixture forming the plate. Thus, the inner via conductors
were deformed or the location was displaced from the
predetermined location. As a result, mismatch between the
inner via conductors and the wiring pattern occurred.

[0305] As mentioned above, a method in which laser
processing was performed by the use of the recognition of
the wiring pattern after the circuit component such as a
semiconductor chip was buried made it possible to form the
high performance multilayer substrate module.

[0306] A conductive resin composition was filled in the
through-holes by a screen printing method (see FIG. 5F).

35

Oct. 18, 2001

The conductive resin composition was obtained by mixing
and kneading 85 wt % of spherical copper particles, 3 wt %
of bisphenol A epoxy resin (Epicoat 828 manufactured by
Yuka Shell Epoxy), 9 wt % of glycidyl ester based epoxy
resin (YD-171 manufactured by Toto Kasei), and 3 wt % of
amine adduct hardening agent (MY-24 manufactured by
Ajinomoto Co., Inc.).

[0307] Then, the chip capacitor that was formed before-
hand on the copper foil mold release carrier was heated and
pressed by a hot-press at a temperature of 170° C. and a
pressure of 10 kg/cm® for 30 minutes. Since the chip
capacitor has much smaller volume than that of the semi-
conductor chip, it can buried further easily. Moreover, the
shape of the inner via conductor was hardly distorted. This
heating allowed the epoxy resin in the plate and epoxy resin
in the conductive resin composition to be cured, so that the
semiconductor device and the copper foils and the plate
were strongly connected mechanically. Furthermore, this
heating also allowed the conductive resin composition and
the copper foils to be connected electrically (inner-via
connection) and mechanically.

[0308] Then, a copper foil for the mold release carrier was
peeled from the plate (see FIG. 5]). The copper foil for the
mold release carrier has a heat resistance against the heating
temperature or higher. Furthermore, the rough surface of the
copper foil wiring pattern is adhered to the plate and inner
via conductor and a bright surface is adhered to the copper
foil for a mold release carrier. Therefore, the adhesive
strength of the plate and the inner via conductor to the
copper foil wiring pattern is greater than the adhesive
strength of the copper foil for the mold release carrier to the
copper foil wiring pattern. Therefore, it is possible to peel off
only the copper foil for a mold release carrier.

[0309] Finally, a region excluding the external lead elec-
trode for evaluation is covered with a resist and formed into
a shape so as to constrain the wiring pattern.

[0310] Through the above-mentioned processes, the cir-
cuit component built-in module was produced.

[0311] First, the connection resistance of the bump of the
semiconductor mounted on the mold release carrier and the
capacitance of the chip capacitor were measured and these
measurement values were compared with the measurement
values after buried in the substrate (plate). As a result, it was
confirmed that the connection resistance measured by the
wiring pattern terminal connected to the bump was substan-
tially the same as the measurement value before buried (i.c.
40 mQ). Similarly, it was confirmed that the capacitance
property of the chip capacitor was neither damaged nor
changed.

[0312] Then, in order to evaluate the reliability of the
circuit component built-in module, a solder reflow test and
a temperature cycling test were performed. The reflow test
was performed for ten times at a maximum temperature of
260° C. for ten seconds by using a belt type reflow tester.
The temperature cycling test was performed for 200 cycles
at a temperature of —60° C. for 30 minutes after maintained
at 125° C. for 30 minutes.

[0313] In both solder reflow test and the temperature
cycling test, no cracks occur in the circuit component
built-in module of this Example. Also, no abnormality was
found by the use of an ultrasonic test equipment. This shows
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that the semiconductor device, chip capacitor and insulating
substrate are adhered strongly. Furthermore, the resistance
value of the inner via connection with the conductive resin
composition was hardly changed between before and after
the test.

[0314] In this example, the wiring pattern formed on the
principal surface was constrained by using a resist. How-
ever, when the wiring pattern was covered with a sealing
resin (underfill, epoxy resin with silica dispersed) also had
a sufficient reliability.

[0315] On the other hand, in the circuit component built-in
module in which the wiring pattern was not covered with a
resist or a sealing resin, the bump connection resistance
became 10 times or more in several places during the
temperature cycling test. This shows the effectiveness of the
constrained layer.

Example 3

[0316] This example refers to a case where the circuit
component built-in module is produced by the method
described in the sixth embodiment.

[0317] In this Example, a semiconductor device and chip
components were used for the circuit component.

[0318] The composition of the first mixture used in this
example includes: 90 weight % of Al,O; (AS-40 manufac-
tured by SHOWA DENKO K.K., an average particle diam-
eter of 12 um), 9.5 weight % of an liquid epoxy resin
(EF-450 manufactured by Nippon Rec Co. Ltd.), 0.2 weight
% of carbon black (manufactured by Toyo Carbon) and 0.3
weight % of a coupling agent (46B, titanate based coupling
agent manufactured by Ajinomoto Co., Inc.).

[0319] First, a predetermined amount of an uncured first
mixture mixing the above-mentioned compositions was
dropped onto the mold release film. In this case, processing
into a plate was not performed.

[0320] On the other hand, a copper foil wiring pattern
having a thickness of 18 um was formed on, for example, the
copper foil for the mold release carrier with a peel layer
made of an organic layer for the principal surface and the
opposite principal surface. In this case, a fine pattern having
L/S of 75 um/75 um was employed. The wiring pattern was
formed on the copper foil wiring pattern having a thickness
of 18 um by exposure, developing, and etching.

[0321] The copper foil wiring pattern for the principal
surface has a surface, which had been made rough, on one
side. A conductive adhesive was coated on the rough sur-
face, the semiconductor device was flip-chip bonded (see
FIG. 6A) and superimposed on the plate so that the rough
surface of the upper foil faced the plate side. On the mold
release carrier on the opposite side, a chip capacitor was
mounted.

[0322] Before the semiconductor was flip-chip bonded
and superimposed so that the rough surface of the copper foil
wiring pattern faced the plate side, a sealing resin (the
second mixture) was injected so as to fill the gap between the
semiconductor device and the wiring pattern. As the second
mixture to be used as the sealing resin, the resin whose
constant of thermal expansion was adjusted by selecting
materials of inorganic fillers was used. In this Example, the
sealing resin including 70 weight % of SiO, (which includes
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80% of fused SiO, having a small constant of thermal
expansion and 20% of crystalline SiO, powder having a
relatively large constant of thermal expansion) and 30
weight % of thermosetting resin was used. In this case,
one-component liquid epoxy resin was used.

[0323] A sealing resin was injected as follows. More
specifically, a hot plate heated to 70° C. was tilted, and the
mold release film with a peel layer having the copper foil
wiring pattern provided with the semiconductor device was
mounted on the hot plate. Thereafter, a sealing resin gradu-
ally was injected between the semiconductor device and the
wiring pattern with an injector. The sealing resin was
injected between the semiconductor device and the wiring
pattern in about several tens of seconds.

[0324] On the other hand, an uncured sheet including a
second mixture was formed on the mold release film by a
doctor blade method. As the second mixture to be used for
the sheet, similar to the sealing resin, a slurry mixing 70
weight % of SiO, (which includes 80% of fused SiO, having
asmall constant of thermal expansion and 20% of crystalline
SiO, having a relatively large constant of thermal expan-
sion) and 30 weight % of thermosetting resin was used. The
thickness of this sheet was set to be about 10 um.

[0325] The entire wiring pattern together with the mold
release carrier was covered with this sheet and pressed
slightly, and then the mold release carrier was peeled off.
Then heating is carried out at 150° C. for about one hour.
Alternatively, the mold release carrier could be peeled off
after heating without problems.

[0326] Furthermore, the circumference of the chip capaci-
tor also was covered with the sealing resin, and heated at
150° C. for 2 hours.

[0327] Since the coefficient of linear expansion of the
second mixture used for the sealing resin was 110 ppm/°® C.
that was the middle level between that of the semiconductor
device and that of the first mixture, the sealing resin served
effectively as a relaxing layer for thermal shock.

[0328] Then, the semiconductor chip mounted on the mold
release carrier with a peel layer was pressed to the uncured
first mixture that had been produced beforehand by a hot-
press at a temperature of 70° C. and a pressure of 10 kg/cm?®
for 15 minutes (see FIG. 6C).

[0329] By heating at a temperature below the curing
temperature, the semiconductor device was buried easily in
the uncured first mixture. Furthermore, although the uncured
first mixture radically flowed, neither distortion nor discon-
nection of the wiring pattern occurred (see FIG. 6D).

[0330] The above-mentioned results show that the use of
the second mixture sheet and the uncured first mixture
makes it possible to protect a wide range of the wiring
pattern easily and to omit the primary molding process of the
first mixture, thus simplifying the formation process.

[0331] Then, the position of the wiring pattern corre-
sponding to the holes for the inner via conductors were
recognized by a method using an X-ray, and the like,
through-holes (0.15 mm diameter) for inner via conductors
were formed by using a carbon dioxide gas laser (see FIG.
6E).

[0332] The conductive resin composition was filled in this
through-hole by the screen printing method (see FIG. 6F).
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The conductive resin composition was produced by mixing
and kneading 85 weight % of spherical copper particles, 3
weight % of bisphenol A epoxy resin (Epicoat 828 manu-
factured by Yuka Shell Epoxy), 9 weight % of glycidyl ester
based epoxy resin (YD-171 manufactured by Toto Kasei),
and 3 weight % of amine adduct hardening agent (MY-24
manufactured by Ajinomoto Co., Inc.).

[0333] Then, the copper foil mold release carrier on which
the chip capacitor was formed beforehand was superim-
posed on the first mixture and heated and pressed by a
hot-press at a temperature of 170° C. and a pressure of 10
kg/em for 30 minutes. Since the chip capacitor has a much
smaller volume than that of the semiconductor chip, it can
buried into the first mixture further easily. Moreover, the
shape of the inner via conductor hardly was distorted. This
heating allowed the epoxy resin in the sheet and epoxy resin
in the conductive resin composition to be cured, so that the
semiconductor device and the copper foils and the plate
were strongly connected mechanically. Furthermore, this
heating also allowed the conductive resin composition and
the copper foils to be connected electrically (inner-via
connection) and mechanically.

[0334] Then, a mold release carrier copper foil with a peel
layer was peeled from the plate (see FIG. 6J). The mold
release carrier copper foil had a thermal resistance against
the heating temperature or more. Furthermore, the rough
surface of the copper foil wiring pattern is adhered to the
plate and the inner via conductor, and a bright surface is
adhered to the mold release carrier copper foil. Therefore,
the adhesive strength of the plate and the inner via conductor
to the copper foil wiring pattern is greater than the adhesive
strength of the mold release carrier copper foil to the copper
foil wiring pattern. Therefore, it is possible to peel off only
the mold release carrier copper foil.

[0335] Furthermore, the region excluding an external lead
electrode for evaluation was covered with a resist. The resist
was formed into a shape so that the wiring pattern was
constrained sufficiently.

[0336] Through the above-mentioned processes, the cir-
cuit component built-in module was produced.

[0337] First, the connection resistance of the bump of the
semiconductor device mounted on the mold release carrier
and capacitance of the chip capacitor were measured and
these values were compared with these measurement values
after buried in the substrate (plate). As a result, as in
Example 2, it was confirmed that the connection resistance
measured by the wiring pattern terminal connected to the
bump was substantially the same as the measurement value
before buried (i.e. 40 mQ). Similarly, it was confirmed that
the capacitance property of the chip capacitor was not
damaged and not changed.

[0338] Then, in order to evaluate the reliability of the
circuit component built-in module, a solder reflow test and
a temperature cycling test were performed. The reflow test
was performed for ten times at a maximum temperature of
260° C. for ten seconds by using a belt type reflow tester.
The temperature cycling test was performed for 200 cycles
at a temperature of —60° C. for 30 minutes after maintained
at 125° C. for 30 minutes.

[0339] In both solder reflow test and temperature cycling
test, no cracks occur in the circuit component built-in
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module of this Example. Also, no abnormality was found by
the use of an ultrasonic test equipment. This shows that the
semiconductor, chip capacitor and insulating substrate are
adhered strongly. Furthermore, the resistance value of the
inner via connection with the conductive resin composition
hardly is changed between before and after the test.

[0340] Also in this example, the wiring pattern directly on
the bump of the semiconductor device was not constrained
with a resist, sealing resin, or the like, the bump connection
resistance radically increased in several places during the
temperature cycling test. This shows the effectiveness of the
constrained layer.

[0341] In this Example, the resist is formed on the wiring
pattern. However, even if the multilayer wiring layer includ-
ing additional thermosetting resin is laminated, high reli-
ability can be attained in the wiring pattern (including
interlayer connection).

[0342] Furthermore, according to this configuration, re-
wiring is possible, thus broadening the degree of freedom in
design.

Example 4

[0343] This example refers to a case where the circuit
component built-in module is produced by the method
described in the tenth embodiment.

[0344] Inthis Example, a semiconductor device and a chip
capacitor were used for the circuit components.

[0345] First, an organic mold release film (polyphenylene
sulfide) having a wiring pattern on which the semiconductor
device was flip-chip bonded was prepared. The organic mold
release film used herein is provided with holes for injecting
a sealing resin made of the second mixture into the connec-
tion portion to the semiconductor device (see FIG. 10A).
The configuration of the second mixture was the same as in
Examples 2 and 3 and it was a mixture of an epoxy-based
thermosetting resin including SiO, as a filler.

[0346] The above-mentioned sealing resin was injected
from the opposite side of the surface on which the semi-
conductor device was mounted so as to fill the gap between
the semiconductor device and the wiring pattern and the
sealing was completed for a short time. According to this
method, even if the viscosity is increased by increasing the
amount of the filler to 90 weight %, it was possible to fill in
the gap. This shows that the second mixture having the
constant of liner thermal expansion closer to that of the
semiconductor device can be injected.

[0347] Next, a slurry mixing 70 weight % of SiO, filler
and 30 weight % of epoxy-based thermosetting resin was
produced, and formed into an uncured sheet with low
viscosity by a doctor blade method. The thickness of the
sheet was set to be about 100 um.

[0348] The entire wiring pattern, together with the mold
release film, was covered with this sheet in the same manner
as in Example 3, and pressed slightly, then the mold release
film was peeled off and heated at 150° C. for about one hour.
Alternatively, the mold release film could be peeled off after
heating without problems.

[0349] Then, the heating and pressing treatment was per-
formed by a hot-press at a pressing temperature of 120° C.
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and at a pressure of 10 kg/cm? for 30 minutes. By heating at
a temperature below the curing temperature, since the ther-
mosetting resin in the plate is softened, the semiconductor
device easily was buried in the plate (see FIG. 10D).

[0350] Several plates were produced. Then, they were
superimposed on the copper foil wiring patterns in a suitable
position.

[0351] Then, the heating and pressing treatment was per-
formed by a hot-press at a pressing temperature of 175° C.
and at a pressure of 50 kg/cm” for 60 minutes. This heating
and pressing treatment allowed the plurality of plates on
which the circuit component was buried and the copper foil
wiring pattern to be integrated into one piece. Furthermore,
this heating and pressing treatment also allowed an epoxy
resin in the plate and the conductive resin composition to
cure and to connect the circuit component and the copper
foil patterns to the plate strongly. Furthermore, this heating
and pressing treatment also allowed the copper foil wiring
patterns to the conductive resin composition electrically
(inner-via connection) and mechanically. Thus, the circuit
component built-in module having a multilayer structure
was produced (see FIG. 9A). As to the wiring pattern
formed on the principal surface and surface layer, a resist
was formed on the region excluding the external lead
electrode for evaluation, thus realizing the sufficiently con-
strained state.

[0352] In order to evaluate the reliability of the circuit
component built-in module, a solder reflow test and a
temperature cycling test were performed under the same
conditions as in Example 2. In both the solder reflow test and
temperature cycling test, no cracks occurred in the circuit
component built-in module of this Example. Also, no abnor-
mality is found by the use of an ultrasonic test equipment.
This shows that the semiconductor device and the insulating
substrate were adhered strongly. Furthermore, the resistance
value of the inner via connection with the conductive resin
composition was hardly changed between before and after
the test.

[0353] Furthermore, since the wiring pattern formed in the
internal layer was constrained sufficiently by the substrate
itself, even if the resist, sealing resin, etc. was not used,
sufficient reliability (by the temperature cycling test, etc.)
was attained.

[0354] This Example demonstrated that when the multi-
layer module in which the semiconductor device, etc. was
built in was produced, the satisfactory function was obtained
and thus the three dimensionally high density mounting was
possible.

Example 5

[0355] This example refers to a case where the circuit
component built-in module is produced by the method
described in the second embodiment with reference to
FIGS. 11A to 11F.

[0356] In this Example, with the use of a semiconductor
chip and a chip component as the circuit components, a
copper foil wiring pattern having a thickness of 18 um was
formed on a mold release carrier copper foil with a peel layer
made of Ni layer. In this case, a fine pattern having L/S of
75 um/75 um was employed. The wiring pattern was formed
on the copper foil wiring pattern having a thickness of 18 um
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by exposure, developing, and etching. Furthermore, the
mold release carrier copper foil was provided with a large
number of holes in the region excluding the wiring pattern
so that the uncured plate having the lowered melting vis-
cosity was eluted.

[0357] Other components are the same as in Example 3,
and the detailed explanation is not repeated herein.

[0358] In this Example, a bare semiconductor chip of 10
mmx10 mm and 0.4 mm thickness was buried in the uncured
plate of the first mixture (0.8 mm thickness), which was
provided with inner via conductors. As shown in FIG. 1D,
the uncured resin was taken out effectively when the chip
was buried. As a result, the bare semiconductor chip was
buried without radically distorting the inner via conductor
formed in 2 mm intervals in the vicinity of the chip. As a
comparative example, the semiconductor chip was buried in
the mold release carrier (copper foil) provided with no hole,
the inner via conductor in the region 5 mm distance from the
semiconductor chip was distorted greatly and displaced from
the predetermined position.

[0359] 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 circuit component built-in module comprising:

an insulating substrate comprising a mixture of an inor-
ganic filler and a thermosetting resin;

a wiring pattern formed on at least one principal surface
of the insulating substrate; and

a circuit component placed in an internal portion of the
insulating substrate and electrically connected to the
wiring pattern;

the mixture comprising a second mixture that seals at least
a connection portion between the wiring pattern and the
circuit component and a first mixture forming a region
excluding the second mixture in the insulating sub-
strate,

wherein the amount of an inorganic filler contained in the
first mixture is larger than the amount of the inorganic
filler contained in the second mixture.

2. The circuit component built-in module according to
claim 1, wherein the second mixture is intervened in the
boundary portion between the wiring pattern and the first
mixture.

3. The circuit component built-in module according to
claim 1, wherein the wiring patterns are formed on both
principal surfaces of the insulating substrate and an inner via
conductor for electrically connecting the wiring patterns on
both principal surfaces is provided.

4. The circuit component built-in module according to
claim 3, wherein the inner via conductor comprises a con-
ductive resin composition.

5. The circuit component built-in module according to
claim 4, wherein the conductive resin composition com-
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prises one selected from the group consisting of gold, silver,
copper and nickel as a conductive substance, and an epoxy
resin as a resin substance.

6. The circuit component built-in module according to
claim 1, wherein the circuit component comprises at least
one active component.

7. The circuit component built-in module according to
claim 6, wherein the active component comprises a bare
semiconductor chip, and the bare semiconductor chip is
flip-chip bonded to the wiring pattern.

8. The circuit component built-in module according to
claim 7, wherein a thermal via conductor is formed on the
rear side of the bare semiconductor chip.

9. The circuit component built-in module according to
claim 1, wherein the first mixture comprises 70 weight % to
95 weight % of an inorganic filler and the second mixture
comprises 50 weight % to 90 weight % of an inorganic filler.

10. The circuit component built-in module according to
claim 1, wherein the inorganic filler comprises at least one
selected from the group consisting of Al,O;, MgO, BN,
AN, and SiO,.

11. The circuit component built-in module according to
claim 1, wherein the thermosetting resin comprises at least
one resin selected from the group consisting of an epoxy
resin, a phenol resin, a cyanate resin and a polyphenylene
ether resin.

12. The circuit component built-in module according to
claim 1, wherein the wiring pattern comprises copper.

13. The circuit component built-in module according to
claim 12, wherein the wiring pattern has two layers or more
comprising a layer formed of copper and a layer comprising
one metal selected from the group consisting of gold, Sn, Pb,
and Ni.

14. The circuit component built-in module according to
claim 1, wherein the wiring pattern is buried in the insulating
substrate.

15. The circuit component built-in module according to
claim 1, wherein a region excluding an external lead elec-
trode in the wiring pattern is covered with a protective film.

16. The circuit component built-in module according to
claim 15, wherein the protective film comprises a resin.

17. The circuit component built-in module according to
claim 15, wherein the protective film comprises a resist.

18. The circuit component built-in module according to
claim 1, wherein the circuit component comprises one
component selected from the group consisting of a chip
resister, a chip capacitor, and a chip inductor.

19. The circuit component built-in module according to
claim 1, wherein the first mixture has a thermal conductivity
of 1 W/mK to 10 W/mK.

20. The circuit component built-in module according to
claim 1, wherein the coefficient of linear thermal expansion
of the second mixture is in between the coefficient of linear
thermal expansion of the circuit component and the coeffi-
cient of linear thermal expansion of the first mixture.

21. The circuit component built-in module according to
claim 1, wherein a wiring substrate is laminated on at least
one principal surface to form a multilayer wiring structure.

22. The circuit component built-in module according to
claim 21, wherein the wiring substrate is a ceramic multi-
layer wiring substrate.

23. The circuit component built-in module according to
claim 21, wherein the wiring substrate comprises at least one
circuit component built-in module described in claim 1.
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24. The circuit component built-in module according to
claim 21, wherein the wiring pattern connected to the circuit
component is located on the principal surface on which the
wiring substrate is laminated.

25. The circuit component built-in module according to
claim 21, wherein the wiring pattern connected to the circuit
component is located on the principal surface on which the
wiring substrate is not laminated, and the protective film that
covers the wiring pattern is provided.

26. A radio device comprising a circuit component built-
in module according to claim 1.

27. A method for producing a circuit component built-in
module, comprising:

placing a circuit component on a first wiring pattern
formed on one principal surface of a base material for
connection therebetween and sealing at least a connec-
tion portion between the first wiring pattern and the
circuit component with a second mixture comprising an
inorganic filler and an uncured thermosetting resin;

subsequently, allowing a first mixture comprising an
inorganic filler and an uncured thermosetting resin to
face the principal surface of the base material on which
the circuit component is formed and pressing the base
material to bury the circuit component in the first
mixture;

wherein the amount of the inorganic filler contained in the
first mixture is larger than the amount of the inorganic
filler contained in the second mixture.

28. The method for producing a circuit component built-in
module according to claim 27, wherein the first mixture
comprises 70 weight % to 95 weight % of an inorganic filler
and the second mixture comprises 50 weight % to 90 weight
% of an inorganic filler.

29. The method for producing a circuit component built-in
module according to claim 27, wherein in sealing, by
injecting an uncured second mixture into the connection
portion between the first wiring pattern and the circuit
component and curing thereof, the connection portion and
the side part of the first wiring pattern and the circuit
component are sealed.

30. The method for producing a circuit component built-in
module according to claim 27, wherein the sealing com-
prises injecting an uncured second mixture into the connec-
tion portion between the first wiring pattern and the circuit
component and curing thereof; molding the second mixture
into a sheet of the mixture, covering the entire part of the
circuit component and the first wiring pattern on the base
material with the second mixture sheet; and curing the
second mixture sheet by heating and pressing.

31. The method for producing a circuit component built-in
module according to claim 27, wherein the sealing com-
prises injecting an uncured second mixture into the connec-
tion portion between the first wiring pattern and the circuit
component and the entire part of the first wiring pattern and
curing the second mixture.

32. The method for producing a circuit component built-in
module according to claim 29, wherein holes are provided
on the base material, and wherein the sealing comprises
injecting the second mixture via the hole from the opposite
surface of the principal surface of the base material on which
the circuit component is provided.
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33. The method for producing a circuit component built-in
module according to claim 27, wherein the first mixture is
formed into a plate before the burying.

34. The method for producing a circuit component built-in
module according to claim 27, wherein the burying com-
prises placing the first mixture into a mold, allowing the first
mixture in the mold to face the principal surface of the base
material on which the circuit component is formed and
pressing the base material; and removing the first mixture
from the mold.

35. The method for producing a circuit component built-in
module according to claim 27, further comprising forming
an inner via conductor in the first mixture, and forming a
second wiring pattern that connects to the first wiring pattern
via the inner via conductor on the surface opposite to the
surface of the first mixture on which the circuit component
is buried.

36. The method for producing a circuit component built-in
module according to claim 35, wherein the forming of the
inner via conductor is carried out after the burying, and
comprises forming a through-hole for inner via conductor,
which reaches the first wiring pattern from the surface of the
first mixture opposite to the surface in which the circuit
component is buried; and filling a thermosetting conductive
substance in the through-hole for the inner via conductor.

37. The method for producing a circuit component built-in
module according to claim 36, wherein the conductive
substance comprises a conductive resin composition.

38. The method for producing a circuit component built-in
module according to claim 36, comprising, before forming
the through-hole for the inner via conductor, recognizing the
position of the first wiring pattern by X-ray irradiation to
determine the position for forming the through-hole for the
inner via conductor.

39. The method for producing a circuit component built-in
module according to claim 36, further comprising forming a
through-hole for thermal via conductor in the first mixture,
before burying, in forming the inner via conductor, a con-
ductive substance is filled in the through-hole for the inner
via conductor and at the same time, a thermal conductive
substance is filled in the through-hole for the thermal via
conductor.

40. The method for producing a circuit component built-in
module according to claim 39, wherein the thermal conduc-
tive substance to be filled in the through-hole for a thermal
via conductor and the conductive substance to be filled in the
through-hole for the inner via conductor comprise a metal
particle and a thermosetting resin, and the content of the
metal particles of the thermal conductive substance to be
filled in the through-hole for the thermal via conductor is
higher than the content of the metal particles of the conduc-
tive substance to be filled in the through-hole for the inner
via conductor.

41. The method for producing a circuit component built-in
module according to claim 39, wherein the diameter of the
through-hole for the thermal via conductor is larger than the
diameter of the through-hole for the inner via conductor.

42. The method for producing a circuit component built-in
module according to claim 27, wherein a mold release
carrier is used for the base material.

43. The method for producing a circuit component built-in
module according to claim 42, wherein the mold release
carrier is an organic film.
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44. The method for producing a circuit component built-in
module according to claim 42, wherein the mold release
carrier is a metal foil.

45. The method for producing a circuit component built-in
module according to claim 44, further comprising forming a
peel layer on the metal foil before forming the first wiring
pattern on the meal foil.

46. The method for producing a circuit component built-in
module according to claim 42, wherein the inner via con-
ductor is formed before burying, and wherein the mold
release carrier is provided with one or a plurality of holes
that serve as an ejecting hole for the first mixture in burying.

47. The method for producing a circuit component built-in
module according to claim 27, wherein the multilayer wiring
substrate is used for the base material.

48. The method for producing a circuit component built-in
module according to claim 47, wherein the multilayer wiring
substrate is a ceramic multilayer wiring substrate.

49. The method for producing a circuit component built-in
module according to claim 35, wherein the forming of the
second wiring pattern is performed after forming the inner
via conductor, and comprises laminating a metal foil on the
surface of the first mixture opposite to the surface on which
the circuit component is buried, heating at a temperature
where the thermosetting resin of the first and second mix-
tures and the conductive substance of the inner via conduc-
tor are cured; and forming the metal foil into the second
wiring pattern.

50. The method for producing a circuit component built-in
module according to of claim 35, wherein forming the
second wiring pattern is performed after forming the inner
via conductor, and comprises forming the second wiring
pattern on one principal surface of a mold release carrier for
the second wiring pattern, allowing the mold release carrier
to face the principal surface on which the second wiring
pattern is formed to the surface of the first mixture opposite
to the surface on which the circuit component is formed and
pressing the mold release carrier; heating at the temperature
where the thermosetting resin of the first and second mix-
tures and the conductive substance of the inner via conduc-
tor are cured; and peeling the mold release carrier off.

51. The method for producing a circuit component built-in
module according to claim 27, further comprising forming a
protective film on a region excluding an external lead
electrode on the first wiring pattern.

52. The method for producing a circuit component built-in
module according to claim 51, wherein a resin is used for a
material of the protective film.

53. The method for producing a circuit component built-in
module according to claim 51, wherein a resist is used for a
material of the protective film.

54. The method for producing a circuit component built-in
module according to claim 27, wherein the first wiring
pattern is formed of a copper foil.

55. The method for producing a circuit component built-in
module according to claim 35, wherein the second wiring
pattern is formed of a copper foil.

56. The method for producing a circuit component built-in
module according to claim 54, further comprising forming at
least one layer of a metal selected from the group consisting
of Au, Sn, Pb, and Ni by electrolytic plating on the wiring
pattern formed of a copper foil.

57. The method for producing a circuit component built-in
module according to claim 27, wherein after forming the
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inner via conductor on a plate obtained by sealing and wiring pattern on the principal surface of the multilayer
burying, the base material is peeled off to produce circuit circuit component built-in substrate on which the first wiring
component built-in substrate; laminating a plurality of the pattern is not formed.
circuit component built-in substrate to produce a multilayer
circuit component built-in substrate, and forming a second L
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