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(57) ABSTRACT

A circuit module (301) includes a first substrate (201), a first
module (101), a sealing resin portion (3), and a conductive
material film (7). The first substrate (201) has a first principal
surface (201a). The first module (101) 1s mounted on the first
principal surface (201a). The sealing resin portion (3) 1s
formed on the first principal surface (201a) and covers the
first module (101). The conductive material film (7) covers
a side of the sealing resin portion (3). The first module (101)
includes a conductive material portion and a device which
may produce heat and which 1s mounted on the conductive
material portion. The conductive material portion connects
with the conductive material film (7) on the side of the
sealing resin portion (3).
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CIRCUIT MODULE AND METHOD OF
MANUFACTURING THE SAME

[0001] This 1s a continuation of International Application
No. PCT/IP2017/042211 filed on Nov. 24, 2017 which
claims priority from Japanese Patent Application No. 2016-
253805 filed on Dec. 27, 2016. The contents of these
applications are incorporated herein by reference in their
entireties.

BACKGROUND OF THE DISCLOSURE

Field of the Disclosure

[0002] The present disclosure relates to a circuit module
and a method of manufacturing the circuit module.

Description of the Related Art

[0003] Communication modules are used, for example, 1n
a wireless LAN (Local Area Network) and LTE (Long Term
Evolution). In order to reduce the sizes of these communi-
cation modules and increase their performance, FEMs
(Front End Modules), which are frontend units for commu-
nication and which each include, 1n a single package, for
example, a low-noise amplifier (hereinafter also referred to
as an “LNA”), a power amplifier (hereinafter also referred to
as a “PA”), and a high frequency switch (hereimnafter also
referred to as an “SW”), have been mounted 1n the commu-
nication modules.

[0004] Many FEMs are manufactured by using a semi-
conductor packaging technique. Specifically, a bare chip IC
which 1s bonded, for example, on a lead frame or an
interposer 1s enclosed 1n a package by using transfer mold-
ing. An FEM thus manufactured 1s mounted on the substrate
of a communication module, and 1s embedded by using a
resin. Then, the outer faces are subjected to shielding. Thus,
the communication module 1s obtained.

[0005] An exemplary technique of the related art 1is
described 1n Japanese Unexamined Patent Application Pub-
lication No. 2002-26656 (Patent Document 1).

[0006] Patent Document 1: Japanese Unexamined Patent
Application Publication No. 2002-26656

BRIEF SUMMARY OF THE DISCLOSURE

[0007] Devices such as a PA included in FEMs may
produce heat when the devices operate. The heat produced
from these devices may damage the characteristics and
reliability of the devices themselves producing the heat, and
may also exert adverse eflects on the operating states of
other electronic components having low heat resistance.
Accordingly, there has arisen an 1ssue of finding an eflicient
way to dissipate the heat produced from the devices. A
known solution for the issue i1s to provide a structure in
which a pattern 1s formed through three-dimensional met-
allization on a base to dissipate the heat. However, this
solution has a problem 1n terms of the reduction 1n size and
the cost.

[0008] Accordingly, an object of the present disclosure 1s
to provide a circuit module which enables the eflicient
dissipation of the heat produced from an embedded device
which may produce the heat.

[0009] To attain the above-described object, a circuit mod-
ule based on an aspect of the present disclosure includes a
first substrate, a first module, a sealing resin portion, and a
conductive material film. The first substrate has a first
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principal surface. The first module 1s mounted on the first
principal surface. The sealing resin portion 1s formed on the
first principal surface and covers the first module. The
conductive material film covers a side of the sealing resin
portion. The first module includes a conductive material
portion and a device which 1s capable of producing heat and
which 1s mounted on the conductive material portion. The
conductive material portion 1s connected to the conductive
material film on the side of the sealing resin portion.
[0010] The present disclosure enables eflicient dissipation
of the heat produced from an embedded device which may
produce heat.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0011] FIG. 1 1s a perspective plan view of a first module
included 1n a circuit module according to a first embodiment
based on the present disclosure.

[0012] FIG. 2 1s a side view of a first module included 1n
a circuit module according to the first embodiment based on
the present disclosure.

[0013] FIG. 3 1s a section view along line III-III in FIG. 1.
[0014] FIG. 4 1s a section view along line IV-1V 1n FIG. 1.
[0015] FIG. § 1s a perspective plan view of a circuit

module according to the first embodiment based on the
present disclosure.

[0016] FIG. 6 1s a side view of a circuit module according
to the first embodiment based on the present disclosure.

[0017] FIG. 7 1s a section view along line VII-VII 1 FIG.
5.

[0018] FIG. 8 1s a flowchart of a method of manufacturing
a circuit module according to the first embodiment based on
the present disclosure.

[0019] FIG. 9 1s a diagram of describing the first process
of a method of manufacturing a circuit module according to
the first embodiment based on the present disclosure.
[0020] FIG. 10 1s a diagram for describing the second
process of a method of manufacturing a circuit module
according to the first embodiment based on the present
disclosure.

[0021] FIG. 11 1s a diagram {for describing the third
process of a method of manufacturing a circuit module
according to the first embodiment based on the present
disclosure.

[0022] FIG. 12 1s a first diagram for describing the fourth
process of a method of manufacturing a circuit module
according to the first embodiment based on the present
disclosure.

[0023] FIG. 13 1s a second diagram for describing the
fourth process of a method of manufacturing a circuit
module according to the first embodiment based on the
present disclosure.

[0024] FIG. 14 1s a third diagram for describing the fourth
process of a method of manufacturing a circuit module
according to the first embodiment based on the present
disclosure.

[0025] FIG. 15 1s a diagram for describing the fifth process

ol a method of manufacturing a circuit module according to
the first embodiment based on the present disclosure.

[0026] FIG. 16 1s a diagram for describing the sixth

process of a method of manufacturing a circuit module
according to the first embodiment based on the present
disclosure.
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[0027] FIG. 17 1s a first diagram for describing a modified
example of a method of manufacturing a circuit module
according to the first embodiment based on the present
disclosure.

[0028] FIG. 18 1s a second diagram for describing a
modified example of a method of manufacturing a circuit
module according to the first embodiment based on the
present disclosure.

[0029] FIG. 19 1s a third diagram for describing a modified
example of a method of manufacturing a circuit module
according to the first embodiment based on the present
disclosure.

[0030] FIG. 20 1s a fourth diagram for describing a modi-
fied example of a method of manufacturing a circuit module
according to the first embodiment based on the present
disclosure.

[0031] FIG. 21 1s a perspective plan view of a first module
included 1n a circuit module according to a second embodi-
ment based on the present disclosure.

[0032] FIG. 22 1s a side view of a first module included 1n
a circuit module according to the second embodiment based
on the present disclosure.

[0033] FIG. 23 15 a section view along line XXIII-XXIII
in FIG. 21.

[0034] FIG. 24 1s a section view along line XXIV-XXIV
in FIG. 21.

[0035] FIG. 25 1s a perspective plan view of a circuit
module according to the second embodiment based on the
present disclosure.

[0036] FIG. 2615 a side view of a circuit module according
to the second embodiment based on the present disclosure.

[0037] FIG. 27 1s a section view along line XXVII-XXVII
in FIG. 25.
[0038] FIG. 28 1s a perspective plan view of a circuit

module according to a third embodiment based on the
present disclosure.

[0039] FIG. 29 15 a section view along line XXIX-XXIX
in FIG. 28.
[0040] FIG. 30 1s a side view of a circuit module according

to the third embodiment based on the present disclosure.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0041] The dimensional ratio used in the drawings does
not necessarily indicate the true actual ratio, and may
indicate an exaggerated dimensional ratio for convenience
sake of description. In the description below, 1n referring to
the concept of an upper or lower position, it does not
necessarily mean an absolute upper or lower position, and
may mean a relative upper or lower position relative to an
1llustrated orientation.

First Embodiment

[0042] Referring to FIGS. 1 to 7, a circuit module accord-
ing to a first embodiment based on the present disclosure
will be described. Before a description about the entire
circuit module according to the present embodiment, a first
module 101 included 1n the circuit module will be described.
FIG. 1 1llustrates a perspective plan view of the first module
101. The first module 101 1s, for example, a type of FEM.
Components and the like included in the first module 101 are
covered by a sealing resin portion. For convenience sake of
description, FIG. 1 illustrates the internal structure by seeing
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through the sealing resin portion. A conductor pattern 17 1s
disposed 1n the center. A component 4a, a component 45,
and a component 4¢ are disposed on the surface of the
conductor pattern 17. The component 4a may be, for
example, a PA. The component 46 may be, for example, an
LNA. The component 4c may be, for example, an SW.
Multiple conductor patterns 12 are disposed along the outer
sides.

[0043] FIG. 2 illustrates a side view of the first module
101. In FIG. 2, an 1nsulated substrate 1 and a sealing resin
portion 15 are shown. FIG. 3 1s a section view along line
III-1IT 1n FIG. 1. FIG. 4 1llustrates a section view along line
IV-IV 1n FIG. 1. As 1llustrated 1n FIGS. 3 and 4, the first
module 101 includes the insulated substrate 1 and the
sealing resin portion 15. A conductor pattern 16 1s formed 1n
a portion of the lower surface of the isulated substrate 1.
The conductor pattern 17 1s formed 1n a portion of the top
surface. The conductor pattern 16 may be a pattern formed
of metallic foi1l. The metallic fo1l described herein may be
copper foil. For example, the conductor pattern 16 may be
formed by etching copper foil, which has been formed 1n
advance on the surface of the insulated substrate 1, into a
desired pattern. The same 1s true for the conductor pattern
17. The conductor pattern 16 1s connected to the conductor
pattern 17 via conductor vias 19 penetrating the insulated
substrate 1 1n the thickness direction. A conductive material
portion 10 includes the conductor pattern 16, the conductor
pattern 17, and the conductor vias 19. The conductive
material portion 10 1s formed typically of metal. In the case
where the conductive material portion 10 1s formed of metal,
the conductive material portion may be rephrased as a
“metal portion”. The conductor patterns 12 are formed as
terminals 1n a portion of the top surface of the insulated
substrate 1. Flectrical connections are made by using wires
13 between the terminals provided on the top surface of the
component 4a and conductor patterns 12. In FIGS. 1 and 4,
a portion of the end 1s illustrated by using the chain
double-dashed lines. This portion 1s present 1n the first stage
in which the first module 101 1s manufactured by 1tself, but,
after that, 1s removed when the first module 101 1s mounted
on some substrate and 1s finally formed as a circuit module.
At the time point at which the first module 101 1s finally
formed as a circuit module, the portion illustrated by using
the chain double-dashed lines in FIGS. 1 and 4 has been
already removed. That 1s, the portion illustrated by using the
solid lines 1n FIGS. 1 and 4 indicates the first module 101
which 1s present 1n a circuit module at the time point at
which the first module 101 1s formed as the circuit module.

[0044] FIG. § illustrates a perspective plan view of a
circuit module 301 according to the present embodiment.
Components and the like included 1n the circuit module 301
are covered by a sealing resin portion. For convenience sake
of description, FIG. 5 illustrates the internal structure by
seeing through the sealing resin portion. Inside the circuit
module 301, a component 5a, a component 5b, and a
component 5S¢ as well as the first module 101 are disposed.
The component 56 may be, for example, an IC. More
specifically, the component 556 may be, for example, an IC
having the function of a transceiver. The component S¢ may
be, for example, a quartz resonator. The first module 101 1s
disposed so as to be 1n contact with a side 3d of a sealing
resin portion 3 of the circuit module 301. One side of the first
module 101 1s placed 1n the same plane as one side of the
sealing resin portion 3.
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[0045] FIG. 6 1s a side view of the circuit module 301. The
top surface and the sides of the sealing resin portion 3 are
covered by a conductive material film 7. The conductive
material film 7 1s, for example, a film formed as a shield. The
conductive material film 7 1s, for example, a metal film.
Cross sections of the conductor patterns 16 and 17 are
positioned on the rear side, relative to the plane of the paper,
of the conductive material film 7. The cross sections of the
conductor patterns 16 and 17 are 1n contact with the backside
of the conductive material film 7. The cross sections of the
conductor patterns 16 and 17 are covered by the conductive
material film 7 and are not viewed directly. Thus, the broken
lines are used to 1ndicate the cross sections of the conductor

patterns 16 and 17 1n FIG. 6. FIG. 7 indicates a section view
along line VII-VII in FIG. 5.

[0046] The circuit module 301 according to the present
embodiment includes a first substrate 201 having a first
principal surtface 201a, the first module 101 mounted on the
first principal surface 201a, the sealing resin portion 3
formed on the first principal surface 201a and covering the
first module 101, and the conductive material film 7 cover-
ing the side 3d of the sealing resin portion 3. The first
module 101 includes the conductive material portion 10 and
a device which may produce heat and which 1s mounted on
the conductive material portion 10. A *“device which may
produce heat” encompasses, not only a device itended to
produce heat, but also a device which produces heat unin-
tentionally. Many of the devices producing heat in their
operations correspond to such devices. A device which may
produce heat 1s, for example the component 4a. The com-
ponent 4a 1s, for example, a PA. The conductive material
portion 10 1s connected to the conductive material film 7 on
the side 3d of the sealing resin portion 3.

[0047] Inthe present embodiment, the conductive material
portion 10, which 1s a member on which a device which may
produce heat 1s mounted in the first module 101, 1s con-
nected to the conductive material film 7 on the side 34 of the
sealing resin portion 3. Therefore, the heat produced by a
device which may produce heat in the first module 101 1is
guided to the conductive material film 7 through the con-
ductive material portion 10. Thus, the heat may be dissipated
efhiciently from the conductive material film 7. Therefore, 1n
the circuit module 301, the heat produced from an embedded
device which may produce heat may be dissipated efli-
ciently.

[0048] Further, attention 1s to be focused on the position at
which the first module 101 1s mounted 1n the circuit module
301. The first module 101 1s disposed so that the conductive
material portion 10 of the first module 101 1s connected to
the conductive material film 7 on the side 34 of the sealing
resin portion 3. This simply indicates that the first module
101 1s disposed so as to be in contact with a side of the
sealing resin portion 3. In other words, the arrangement 1n
which the first module 101 1s disposed in contact with a side
of the sealing resin portion 3 indicates that a margin 1s
unnecessary between the first module 101 and the side of the
sealing resin portion 3. Thus, a so-called mounting margin
for the first module 101 may be reduced, achieving the
reduction 1n the size of the circuit module 301.

[0049] As illustrated in the present embodiment, 1t 1s
preferable that the first module 101 include the insulated
substrate 1, and that the conductive maternial portion 10
include the conductor pattern 17 disposed on the surface of
the msulated substrate 1. Employment of this configuration
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enables the first module 101 to be manufactured by using a
typical interposer at low cost. As illustrated 1n the present
embodiment, a device, which has a structure including the
insulated substrate 1, the conductor pattern 16, the conductor
pattern 17, and the conductor vias 19, may easily be avail-
able as a typical interposer.

[0050] Referring to FIGS. 8 to 16, a method of manufac-
turing a circuit module according to the first embodiment
based on the present disclosure will be described. FIG. 8
illustrates a flowchart of the manufacturing method.

[0051] The method of manufacturing a circuit module
according to the present embodiment includes the following
processes: process S1 of preparing a first substrate including
a first principal surface; process S2 of preparing a first
module, the first module including a conductive material
portion and a device which 1s capable of producing heat and
which 1s mounted on the conductive material portion; pro-
cess S3 of mounting the first module on the first principal
surface; process S4 of forming a sealing resin portion on the
first principal surface in such a manner that the sealing resin
portion covers the first module; process S5 of exposing a
cross section of the conductive material portion on a side of
the sealing resin portion while a portion of the sealing resin
portion 1s removed; and process S6 of forming a conductive
material film in such a manner that the conductive material
film covers the side of the sealing resin portion, and thus
obtaining a structure having the exposed cross section of the
conductive material portion connected to the conductive
material film on the side of the sealing resin portion. Each
process will be described 1n detail below.

[0052] In process S1, as illustrated in FIG. 9, the first
substrate 201 having the first principal surface 201a 1s
prepared. A typical interposer may be used as the first
substrate 201. In process S2, first modules 101 are prepared.
The first modules 101 each have a configuration as described
already 1n the present embodiment.

[0053] In process S3, as illustrated in FIG. 10, the first
modules 101 are mounted on the first principal surface 201a
of the first substrate 201. At that time, not only the first
modules 101 but also other components may be mounted on
the first principal surface 201a. In the example 1n FIG. 10,
components 5a and the like are mounted on the first prin-
cipal surface 201a.

[0054] In process S4, as illustrated in FIG. 11, the sealing
resin portion 3 1s formed on the first principal surface 201a
so as to cover the first modules 101.

[0055] In process S5, while portions of the sealing resin
portion 3 are removed, the cross sections of the conductive
material portions 10 are exposed on the side 34 of the sealing
resin portion 3. Herein, an example 1n which so-called half
cutting 1s performed will be described. The removal pro-
cessing 1s performed by using a cutter as illustrated by the
arrows along paths 81 1llustrated in FIG. 12. The paths 81
are set so as to overlap slightly with the end portions of the
first modules 101 covered by the sealing resin portion 3. In
the removal processing, the large-size substrate 1s not com-
pletely cut, but just a grooving process 1s performed. As a
result, grooves 11 are formed as illustrated in FIG. 13. After
the formation of the grooves 11, the end portions of the first
modules 101 have been already removed. FIG. 14 illustrates
a section view of this state. The formation of the grooves 11
leads to the formation of the sides 3d of the sealing resin
portions 3, and the end surfaces of the first modules 101
form portions of the sides 3d. The cross sections of the
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conductive material portions 10 of the first modules 101 are
exposed on the sides 3d, which 1s not clear 1n FIG. 14. This
process described so far 1s performed 1n process S5.

[0056] In process S6, as illustrated in FIG. 15, the con-
ductive material film 7 1s formed so as to cover the sides 3d
of the sealing resin portions 3. Thus, a structure in which the
exposed cross section of each conductive material portion 10
1s connected to the conductive material film 7 on the side 3d
of the corresponding sealing resin portion 3 i1s obtained.

[0057] As illustrated 1n FIG. 16, the large-size substrate 1s
divided into the individual unit size. Thus, individual circuit
modules 301 are obtained. Multiple circuit modules 301
may be obtained from the large-size substrate.

[0058] As the method of manufacturing a circuit module
according to the present embodiment, as 1llustrated herein, 1t
1s preferable that a first module include an insulated sub-
strate, and that a conductive material portion include a
conductor pattern disposed on the surface of the insulated
substrate. Employment of this method enables a first module
using a typical interposer to be prepared at low cost in
process S2.

[0059] Referring to FIGS. 17 to 20, a modified example of
the method of manufacturing a circuit module according to
the present embodiment will be described. Processes S1 to
S4 are the same as those already described. The example 1n
which half cutting 1s performed 1n process S5 1s described.
In the modified example, an example 1n which so-called tull
cutting 1s performed will be described. Cutting processing 1s
performed by using a cutter as illustrated by the arrows
along paths 82 in FIG. 17. The paths 82 are set so as to
overlap slightly with the end portions of the first modules
101 covered by the sealing resin portion 3. As a result,
devices are obtained through cutting as illustrated in FIG.
18. FIG. 19 illustrates a section view of this state. In process
S6, as illustrated in FIG. 20, the conductive material films 7
are formed so as to cover the sides 3d of the sealing resin
portions 3. Thus, multiple circuit modules are obtained.

Second Embodiment

[0060] Referring to FIGS. 21 to 27, a circuit module
according to a second embodiment based on the present
disclosure will be described. Betfore a description about the
entire circuit module according to the present embodiment,
a first module 102 included in the circuit module will be
described. FIG. 21 1illustrates a perspective plan view of the
first module 102. The first module 102 1s, for example, a type
of FEM. Components and the like included in the first
module 102 are covered by a sealing resin portion. For
convenience sake of description, FIG. 21 1illustrates the
internal structure by seeing through the sealing resin portion.
The first module 102 includes a lead frame 18 as a conduc-
tive material portion. In the case where the lead frame 18 1s
formed of metal, the conductive material portion may be
rephrased as a “metal portion”. The lead frame 18 includes
a first portion 18a and multiple second portions 18b6. The
component 4a, the component 45, and the component 4¢ are
disposed on the surface of the first portion 18a. The details
of these components are similar to those described in the first
embodiment. The second portions 185 are disposed along
the outer sides. The second portions 185 serve as terminals.
The configuration of the lead frame 18 described herein 1s
merely an example for convenience sake of description, and
1s not limited to the configuration described above.
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[0061] FIG. 22 illustrates a side view of the first module
102. In FIG. 22, the lead frame 18 and the sealing resin
portion 15 are shown. The component viewed 1n FIG. 22 1s
the first portion 18a of the lead frame 18. FIG. 23 illustrates
a section view along line XXIII-XXIII 1n FIG. 21. FIG. 24
illustrates a section view along line XXIV-XXIV 1n FIG. 21.
As 1illustrated 1n FIGS. 22 to 24, the first module 102
includes the lead frame 18 and the sealing resin portion 15.
The lead frame 18 may be a frame formed by patterning a
metal plate, for example, through blanking into a desired
shape. The metal described herein may be, for example,
copper. The lead frame 18 illustrated herein 1s entirely flat,
but 1s not limited to this. The lead frame 18 may be a frame
which 1s obtained by performing some deformation process-
ing and 1n which a step 1s provided at any position in the lead
frame 18. That 1s, the first portion 18a and a subset of the
second portions 185 may not be placed on the same plane.
Electrical connections are made by using the wires 13
between the terminals provided on the top surface of the
component 4a and second portions 185. In FIGS. 21 and 24,
a portion of the end 1s illustrated by using the chain
double-dashed lines. This portion 1s present at the first stage
in which the first module 102 1s manufactured by itself, but
1s removed when, after that, the first module 102 1s mounted
on some substrate and 1s finally formed as a circuit module.
At the time point at which the first module 102 1s finally
formed as a circuit module, the portion illustrated by using
the chain double-dashed lines in FIGS. 21 and 24 has been
already removed. That 1s, the portion illustrated by using the
solid lines 1n FIGS. 21 and 24 indicates the first module 102
that 1s present 1n a circuit module at the time point at which
the first module 102 1s finally formed as the circuit module.

[0062] FIG. 25 illustrates a perspective plan view of a
circuit module 302 according to the present embodiment.
Components and the like included 1n the circuit module 302
are covered by a sealing resin portion. For convenience sake
of description, FIG. 25 illustrates the internal structure by
seeing through the sealing resin portion. The component 3a,
the component 55, and the component Sc as well as the first
module 102 are disposed inside the circuit module 302. The
details of these components are similar to those described 1n
the first embodiment. The first module 102 1s disposed so as
to be 1n contact with a side of the sealing resin portion 3 of
the circuit module 302. One side of the first module 102 1s
placed in the same plane as one side of the sealing resin
portion 3.

[0063] FIG. 26 1llustrates a side view of the circuit module
302. The top surface and the sides of the sealing resin
portion 3 are covered by the conductive material film 7. The
details of the conductive material film 7 are similar to those
described 1n the first embodiment. A cross section of the lead
frame 18 1s positioned on the rear side, relative to the plane
of the paper, of the conductive material film 7. The cross
section of the lead frame 18 1s 1n contact with the backside
of the conductive matenial film 7. FIG. 27 illustrates a

section view along line XXVII-XXVII 1n FIG. 25.

[0064] The circuit module 302 according to the present
embodiment 1s common to the circuit module 301 described
in the first embodiment, in terms of the basis configuration.
In the circuit module 302, the conductive material portion
includes the lead frame 18 as described above.

[0065] Also in the present embodiment, such an effect as
described 1n the first embodiment may be obtained. In
particular, 1n the present embodiment, a lead frame, which 1s
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a conductive maternial portion that 1s a member on which a
device which may produce heat in the first module 102 1s
mounted, 1s connected to the conductive material film 7 on
the side 3d of the sealing resin portion 3. Therefore, the heat
produced by the device which may produce heat 1n the first
module 102 1s guided to the conductive material film 7
through the lead frame. Thus, the heat may be dissipated
efliciently from the conductive material film 7. Typically, a
lead frame 1s thick. Therefore, the area of a cross section of
the lead frame 1s large. The present embodiment employs the
structure 1n which the heat may be conducted to the con-
ductive material film 7 through such a cross section of the
lead frame. Therefore, the heat may be conducted to the
conductive material film 7 efliciently, achieving eflicient
heat dissipation.

[0066] As described 1n the first embodiment, a margin 1s
unnecessary between the first module 102 and the side of the
sealing resin portion 3 Thus, a so-called mounting margin of
the first module 102 may be reduced, achieving the reduc-
tion 1n the size of the circuit module 302.

[0067] In the present embodiment, by using a typical lead
frame, the first module 102 may be manufactured at low
cost. The lead frame 18 as described 1n the present embodi-
ment may easily be available by using a typical lead frame
technique.

[0068] A method of manufacturing a circuit module
according to the second embodiment based on the present
embodiment will be described. The manufacturing method
1s similar to the manufacturing method described in the first
embodiment basically. However, the following point 1is
different.

[0069] In the method of manufacturing a circuit module
according to the present embodiment, the conductive mate-
rial portion 1s a lead frame. Employment of this method
enables a first module using a typical lead frame to be
prepared at low cost 1n process S2 (see FIG. 8).

Third Embodiment

[0070] Referring to FIGS. 28 to 30, a circuit module
according to a third embodiment based on the present
disclosure will be described. Before a description about the
entire circuit module according to the present embodiment,
a first module 103 included in the circuit module will be
described. FIG. 28 1llustrates a perspective plan view of the
first module 103. The first module 103 1s, for example, a type
of FEM. Components and the like included in the first
module 103 are covered by a sealing resin portion. For
convenience sake of description, FIG. 28 illustrates the
internal structure by seeing through the sealing resin portion.
The first module 103 includes the lead frame 18 as a
conductive material portion. The details of the lead frame 18
are similar to those described in the second embodiment.
The component 4a, the component 45, and the component
d¢ are disposed on the surface of the first portion 18a. The
details of these components are similar to those described 1n
the first embodiment. FIG. 29 illustrates a section view
along line XXIX-XXIX 1n FIG. 28. As illustrated 1n FIG. 29,
a bent portion 18v 1s provided at least at one end of the lead
frame 18. In FIGS. 28 and 29, a portion of the end 1is
illustrated by using the chain double-dashed lines. This
portion 1s present at the first stage in which the first module
103 1s manufactured by itself, but 1s removed when, after
that, the first module 103 1s mounted on some substrate and
1s finally formed as a circuit module. At the time point at
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which the first module 103 1s finally formed as a circuit
module, the portion illustrated by using the chain double-
dashed lines in FIGS. 28 and 29 has been already removed.
That 1s, the portion 1illustrated by using the solid lines 1n
FIGS. 28 and 29 indicates the first module 103 that 1s present
in the circuit module at the time point at which the first
module 103 1s finally formed as the circuit module. A portion
of the bent portion 18v has been also removed. The portion
of the bent portion 18v has been removed so that the
thickness of the bent portion 18v 1s reduced in the state in
which the bent portion 18v bends upwards and vertically.
Theretfore, compared with the case 1n which an end of the
lead frame 18 1s not bent and 1s simply cut ofl at some
position, the area of the cross section of the lead frame 18,
which 1s exposed on the side that 1s newly generated after the
removal processing, 1s large.

[0071] FIG. 30 1llustrates a side view of a circuit module
303. The point that the top surface and the sides of the
sealing resin portion 3 are covered by the conductive mate-
rial film 7 1s similar to that described in the first embodiment.
The details of the conductive material film 7 are similar to
those described 1n the first embodiment. The cross section of
the lead frame 18 1s positioned on the rear side, relative to
the plane of the paper, of the conductive material film 7. The
cross section of the lead frame 18 1s 1n contact with the
backside of the conductive material film 7. However, unlike
the second embodiment, a large cross section of the bent
portion 18v of the lead frame 18 1s present in this position,
and 1s connected to the conductive material film 7. There-
fore, the area of the cross section of the lead frame 18, which
1s illustrated by using the broken lines in FIG. 30, 1s large.
[0072] In the present embodiment, the lead frame 18
serving as the conductive material portion includes the bent
portion 18v extending along a side of the sealing resin
portion 3, and the bent portion 18v 1s connected to the
conductive material film 7.

[0073] Also in the present embodiment, such an eflect as
described in the first embodiment may be obtained. In
particular, in the present embodiment, the conductive mate-
rial portion includes the lead frame 18, and the bent portion
18v of the lead frame 18 serving as the conductive material
portion 1s further connected to the conductive material film
7. Theretfore, a connection with the conductive material film
may be made with a large cross-sectional area whose size
exceeds the thickness of the lead frame, achieving etlicient
heat dissipation.

[0074] Some exemplary circuit modules are described 1n
the embodiments described above. Such a circuit module 1s
not limited to the examples described 1n the embodiments,
and may further include a member for dissipating heat, 1n
such a manner that the member 1s connected to the conduc-
tive material film 7. A “member for dissipating heat” may be,
for example, a heat sink.

[0075] Some of the embodiments described above may be
appropriately combined together for employment.

[0076] The embodiments disclosed herein and described
above are exemplary 1n all respects, and are not limiting. The
scope of the present disclosure 1s indicated by the scope of
claims, and encompasses all changes 1n the meaning and the
scope of equivalents to the scope of claims.

[0077] 1 insulated substrate

[0078] 2 conductor pattern (inside first substrate)
[0079] 3, 15 sealing resin portion

[0080] 3d side
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[0081] 4a, 4b, 4c, Sa, 5b component

[0082] 7 conductive material film

[0083] 10 conductive material portion

[0084] 11 groove

[0085] 13 wire

[0086] 12, 16, 17 conductor pattern (disposed on surface

of 1nsulated substrate)

[0087] 18 lead frame

[0088] 18a first portion (of lead frame)
[0089] 18b second portion (of lead frame)
[0090] 18v bent portion

[0091] 19 conductor via

[0092] 81, 82 path

[0093] 101, 102, 103 first module

[0094] 201, 202 first substrate

[0095] 201a first principal surface

[0096] 301, 302, 303 circuit module

1. A circuit module comprising:

a first substrate having a first principal surface;

a first module mounted on the first principal surface;

a sealing resin portion provided on the first principal
surface and covering the first module; and

a conductive material film covering a side of the sealing
resin portion,

wherein the first module includes a conductive material
portion, and a device capable of producing heat and
mounted on the conductive material portion, and

wherein the conductive material portion 1s connected to
the conductive material film on the side of the sealing
resin portion.

2. The circuit module according to claim 1,

wherein the first module has an insulated substrate, and

wherein the conductive material portion includes a con-
ductor pattern disposed on a surface of the insulated
substrate.

3. The circuit module according to claim 1,

wherein the conductive material portion includes a lead
frame.
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4. The circuit module according to claim 3,

wherein the conductive material portion includes a bent
portion extending along the side of the sealing resin
portion, and

wherein the bent portion 1s connected to the conductive
material film.

5. A method for manufacturing a circuit module, com-

prising:

a step ol preparing a first substrate including a first
principal surface;

a step ol preparing a first module, the first module
including a conductive material portion, and a device
capable of producing heat and mounted on the conduc-
tive material portion;

a step of mounting the first module on the first principal
surface;

a step of forming a sealing resin portion on the first
principal surface in such a manner that the sealing resin
portion covers the first module;

a step of exposing a cross section of the conductive
material portion on a side of the sealing resin portion
while a portion of the sealing resin portion 1s removed;
and

a step of forming a conductive material film in such a
manner that the conductive material film covers the
side of the sealing resin portion, and thus obtaining a
structure having the exposed cross section of the con-
ductive material portion connected to the conductive
material film on the side of the sealing resin portion.

6. The method for manufacturing a circuit module,

according to claim 3,

wherein the first module has an insulated substrate, and

wherein the conductive material portion includes a con-
ductor pattern disposed on a surface of the insulated
substrate.

7. The method for manufacturing a circuit module,

according to claim 5,
wherein the conductive material portion includes a lead

frame.
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