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[OBJECT] Provide a small, lightweight, inexpensive high
frequency module on which a functional unit that includes a
surface acoustic wave element, impedance matching circuit, delay
line, low noise amplifier, or the like, as appropriate, can be
mounted.

[CONFIGURATION] Provide a multilayer substrate 10, a high
frequency element 30 mounted thereupon, and a conductive cap
40 that is hermetically sealed to an upper surface of the substrate
10. The substrate 10 is configured of an organic material, and
includes first metal films 21a and 21b on a first main surface
thereof and a second metal film 20 on a second main surface
thereof. The substrate 10 includes an internal connecting electrode
22a that forms a connection with an element, an external
connecting electrode 22b for forming an external connection, and
a via 25 and wiring conductor 24 that connect the internal
connecting electrode 22a to the external connecting electrode 22b.
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What is claimed is:

[Claim 1]

A circuit element module comprising:

first and second main surfaces wherein,

the first main surface includes a substrate that serves as an element mounting area, at least one element provided in
the element mounting area of the first main surface, and a conductive cap that covers at least the element mounting
area of the substrate,

the substrate being configured of an organic material, and including,

a first metal film provided on the first main surface surrounding at least the element mounting area, and

a second metal film provided on the second main surface covering at least an area facing the element mounting
area,

the substrate further including,

an internal connecting electrode that forms a connection with an element and is provided in the element mounting
area,

an external connecting electrode that forms an external connection, is not covered by the cap, and is provided in a
location where the electrode does not make contact with the first metal film and the second metal film,

a via one end of which is connected to the internal connecting electrode, and

a wiring conductor part of which is connected to a corresponding via and one end of which is connected to the
external connecting electrode,

the cap has an opening large enough to fit, inside thereof, the element mounting area the cap covers, and the cap is
brought into close contact with the first metal film in a state where the opening is electrically conductive.

[Claim 2]

The circuit element module according to claim 1 wherein, the substrate includes at least a first insulating layer in
which the via is provided, and, provided on a lower layer side thereof, a second insulating layer on which the
wiring conductor is provided, the substrate being configured by laminating these layers.

[Claim 3]

The circuit element module according to claim 2 wherein, an upper surface of the first insulating layer is the first
main surface, and the first metal film is provided in the element mounting area.

[Claim 4]

The circuit element module according to claim 3 wherein, at least one element is mounted on the first metal film in
the element mounting area.

[Claim 5]

The circuit element module according to claim 4 wherein, the element mounted on the first metal film is a
moisture-sensitive element.

[Claim 6]

The circuit element module according to claim 4 wherein, the element mounted on the first metal film is a surface
acoustic wave element.

[Claim 7]

The circuit element module according to claim 6 further comprising:

a planar coil provided in the element mounting area.

[Claim 8]

The circuit element module according to claim 7 wherein, the planar coil is configured of wiring having a planar
spiral structure and includes the internal connecting electrode and via in the center of the spiral.

[Claim 9]

The circuit element module according to claim 8 configured by forming a plurality of the planar coils, connecting
the plurality of planar coils to the surface acoustic wave element, and mounting a surface acoustic wave filter with
a built-in matching circuit as a functional element.

[Claim 10]

The circuit element module according to claim 9 wherein, the element mounting area is covered by the first metal
film except for where the planar coil is provided.

[Claim 11]
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The circuit element module according to claim 1, 2, 3,4, 5, 6, 7, 8, 9, or 10 wherein,

the external connecting electrode is provided on a side surface of a multilayer substrate,

the multilayer substrate further including a third metal film that covers an area other than a portion where the
external connecting electrode on a side surface of the substrate is provided.

[Claim 12]

The circuit element module according to claim 1, 2, 3,4, 5,6, 7, 8, 9, or 10 wherein,

the external connecting electrode is provided on a side surface of the multilayer substrate,

the multilayer substrate including the third metal film that covers an area other than a portion where the external
connecting electrode on the side surface of the substrate is provided, and further, a waterproof resin that covers a
portion of the element mounting area not covered by a metal film.

[Claim 13]

The circuit element module according to claim 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 wherein, the multilayer substrate
further includes a waterproof resin that covers a portion of the element mounting area not covered by a metal film.
[Claim 14]

The circuit element module according to claim 1, 2, 3,4, 5,6, 7, 8, 9, or 10 wherein, a substrate material is an
organic material that is one out of either a glass epoxy resin, a BT resin (bismaleimide-triazine resin), or
polytetrafluoroethylene.

[Claim 15]

A circuit element module comprising:

a splitter module as a functional unit that includes two pairs of the surface acoustic wave filter with a built-in
matching circuit according to claim 9; and

two pairs of a wiring conductor having substantially 1/4 electrical length formed on an intermediate layer of a
multilayer substrate.

[Claim 16]

A circuit element module comprising:

the circuit element module according to claim 15 as front-end module functional unit for a wireless device that
further includes a high frequency transistor, coil, capacitor, and resistor.

[Claim 17]

The circuit element module according to claim 1 wherein, the coil, capacitor, and resistor are built into a
multilayer substrate.

[Claim 18]

A method for manufacturing a substrate for a circuit element module having a groove shaped electrode part cut
from a mother substrate and extending from a side surface of the substrate in a thickness direction of the substrate
comprising:

providing a through hole in the mother substrate from which a plurality of the substrates can be made, the hole
being located so as to become the electrode part on each of the substrates;

cutting and dividing the mother substrate into the plurality of the above substrates; and

depositing a metal film on a side surface and the electrode part of each of the substrates, excluding a boundary
therebetween.

DETAILED DESCRIPTION OF THE INVENTION

[0001]

FIELD OF INDUSTRIAL APPLICATION

The present invention relates to a circuit element module where an element is mounted on a substrate, and, in
particular, to a circuit element module with a high frequency element mounted thereupon.

[0002]

PRIOR ART

A circuit element module used in a portable wireless terminal, or the like, is configured by mounting a functional
unit that includes a constituent component such as a surface acoustic wave element, impedance matching circuit,
delay line, low noise amplifier, or the like, for example, a functional unit like a surface acoustic wave filter, or the
like, on a substrate. Such a constituent component, a surface acoustic wave element in particular, requires hermetic
sealing and electromagnetic shielding.
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[0003]

A technique for hermetically sealing a conventional surface acoustic wave filter inexpensively without impairing
an electromagnetic shielding function thereof is disclosed in, for example, Japanese Unexamined Patent
Application Publication No. H02-283112. In other words, according to this technique, a surface acoustic wave
filter is configured by mounting a surface acoustic wave element on a ceramic single-layer substrate, covering a
metal cap sealing part of an external connecting electrode pattern, except for a ground terminal, with an insulating
film, and then, forming an inorganic conducting film and soldering the metal cap thereto. Furthermore, Japanese
Unexamined Patent Application Publication No. H02-177609 discloses a surface acoustic wave filter configured
by mounting a surface acoustic wave element in a cavity of an engineering plastic case with a lead frame, and
covering nearly the entire case, excluding an area around an external connecting electrode lead, with a metal film,
by metal plating, or the like.

[0004]

PROBLEM TO BE SOLVED BY THE INVENTION

However, such a conventional surface acoustic wave filter is based on a technique for reducing a cost of packaging
a single surface acoustic wave element, and cannot be said to be a functional unit that includes a peripheral circuit
such as an impedance matching circuit, or the like. Making a functional unit centered on a surface acoustic wave
element smaller and less expensive is a problem, especially when attempting to produce small lightweight
packaging for a portable wireless terminal, or the like. This problem must be resolved without impairing hermetic
sealing and electromagnetic shielding functions.

[0005]

By the way, a substrate is one obstacle to lowering the cost of this type of circuit element module. That is, a
conventional substrate is made from an inorganic material such as alumina, mullite, glass, or the like. It takes time
to manufacture such a substrate of inorganic material and manufacturing yield is poor, which presents a problem
in that this makes it difficult to reduce costs.

[0006]

Therefore, the present inventors considered using a substrate of organic material that would be easy to
manufacture and inexpensive to produce. However, the inventors discovered that a substrate of organic material
readily permeates water, which is a problem making the substrate unsuitable for mounting a surface acoustic wave
element, or the like, which is sensitive to humidity.

[0007]

An object of the present invention is to resolve this type of problem by providing a functional unit that includes a
surface acoustic wave element, or the like, and a small, lightweight, inexpensive circuit element module.

[0008]

MEANS FOR SOLVING THE PROBLEM

To achieve the above object, the present invention is a circuit element module that includes first and second main
surfaces where; the first main surface includes a substrate that serves as an element mounting area, at least one
element provided in the element mounting area of the first main surface, and a conductive cap that covers at least
the element mounting area of the substrate; the substrate being configured of an organic material and includes a
first metal film provided on the first main surface surrounding at least the element mounting area, and a second
metal film provided on the second main surface covering at least an area facing the element mounting area; the
substrate further including an internal connecting electrode that forms a connection with an element and is
provided in the element mounting area, an external connecting electrode that forms an external connection, is not
covered by the cap, and is provided in a location where the electrode does not make contact with the first metal
film and the second metal film, a via one end of which is connected to the internal connecting electrode, and a
wiring conductor part of which is connected to a corresponding via and one end of which is connected to the
external connecting electrode; the cap has an opening large enough to fit, inside thereof, the element mounting
area the cap covers; and the cap is brought into close contact with the first metal film in a state where the opening
is electrically conductive.

[0009]

The substrate includes; at least a first insulating layer in which the via is provided, and, provided on a lower layer
side thereof, a second insulating layer on which the wiring conductor is provided; and is made into a multilayer
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structure by laminating these layers. Furthermore, an upper surface of the first insulating layer is the first main
surface, and the first metal film can be a structure provided in the element mounting area. In this case, at least one
element is mounted on the first metal film in the element mounting area.

[0010]

Examples of the element mounted on the first metal film include a moisture-sensitive element, for example, a
surface acoustic wave element.

[0011]

Furthermore, the present invention may also include a planar coil provided in the element mounting area as an
element. The planar coil may be a structure configured of wiring having a planar spiral structure, and include the
internal connecting electrode and via in the center of the spiral.

[0012]

Specifically, the circuit element module is configured by forming a plurality of the planar coils, connecting the
plurality of planar coils to the surface acoustic wave element, and mounting a surface acoustic wave filter with a
built-in matching circuit as a functional unit.

[0013]

According to the present invention, the element mounting area may be a structure covered by the first metal film
except for where the planar coil is provided.

[0014]

The external connecting electrode may be configured by being provided on a side surface of a multilayer substrate.
Furthermore, the multilayer substrate may be a structure that further includes a third metal film that covers an area
other than a portion where the external connecting electrode on the side surface of the substrate is provided.
[0015]

Further, according to the present invention, the substrate may be a structure that further includes a waterproof resin
that covers a portion of the element mounting area not covered by a metal film.

[0016]

Examples of the organic material that configures the substrate used in the present invention include a glass epoxy
resin, BT resin (bismaleimide-triazine resin), polytetrafluoroethylene, and the like.

[0017]

Further, according to the present invention, a coil, capacitor, and resistor may be built into the multilayer substrate.
[0018]

The substrate used in the present invention includes a groove shaped electrode part cut from a mother substrate
and extending from a side surface of the substrate in a thickness direction of the substrate. This substrate for a
circuit element module may be a structure produced by, for example; providing a through hole in the mother
substrate from which a plurality of the substrates can be made, the hole being located so as to become the electrode
part on each of the substrates; cutting and separating the mother substrate into the plurality of substrates; and
depositing a metal film on a side surface and the electrode portion of each of the substrates, except for a boundary
therebetween.

[0019]

OPERATION

The substrate used in the present invention includes first and second main surfaces, and the first main surface is an
element mounting area. Furthermore, the substrate is configured of an organic material. As is depicted in the
embodiments described below, because organic material is inexpensive and easy to mold, the substrate, when a
multilayer substrate is to be produced, can be produced more easily than a ceramic substrate. Accordingly, the
substrate can be manufactured inexpensively.

[0020]

An element mounting area for mounting an element is provided on the first main surface of the substrate. The
element mounting area is covered by a cap and thus cut off from the outside. This cap prevents direct intrusion of
moisture and provides electromagnetic shielding.

[0021]

Furthermore, according to the present invention, a first metal film provided on the first main surface of the
substrate is effective in reducing an area of an upper surface of the substrate through which moisture can permeate,
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and in providing electromagnetic shielding. Accordingly, it is preferable that the film be provided across as large
an area as possible. However, because the first metal film is only provided surrounding the element mounting area,
the film does not hinder element mounting.

[0022]

Furthermore, a second metal film provided on the second main surface of the substrate is effective in preventing
intrusion of moisture from a bottom surface of the substrate, and in providing electromagnetic shielding. This
second metal film includes a second metal film that covers at least an area facing the element mounting area, the
substrate further includes an internal connecting electrode that forms a connection with an element and is provided
in an element mounting area, and an external connecting electrode that forms an external connection, is not
covered by the cap, and is provided in a location where the electrode does not make contact with the first metal
film and the second metal film. Furthermore, these are connected by a via and a wiring conductor. Thus, because
no wiring is provided on an upper surface of the substrate, the substrate upper surface can be covered in a state
where the cap is in close contact with the first metal film when an element provided in the element mounting area
is connected with the outside. This prevents the intrusion of moisture, and enhances an electromagnetic shielding
effect.

[0023]

Furthermore, in the case of a circuit element module that includes a surface acoustic wave element, an element
such as a coil, or the like, needs to be connected in close proximity to the surface acoustic wave element. However,
a surface of a ceramic substrate is rough, which presents a problem in that surface irregularities will enlarge
resistance when a coil, or the like, is formed using thin film technology, making it difficult to obtain desired
characteristics. By using organic material in the present invention, a smooth substrate can be formed, making it
possible to form a coil, or the like, with high precision.

[0024]

Other operations of the present invention are as described below.

(1) Giving a substrate a multilayer structure makes it possible to make a module multifunctional.

[0025]

(2) Making a metal film a ground layer allows an electromagnetic shielding operation to be demonstrated
effectively, signal wiring to be given a stripline structure, and a high frequency signal waveform distortion to be
reduced, and when this is used as a delay line, there is no drop in effective dielectric constant as there is with a
microstripline, and a line can be shorter, which contributes to making a module smaller.

[0026]

(3) Building a coil, capacitor, and resistor into a substrate contributes to making a module smaller. (4) Providing
an impedance matching coil in close proximity to a surface acoustic wave element makes it possible to reduce a
transmission loss of a surface acoustic wave filter.

[0027]

(5) Covering most of a substrate side surface with a metal film makes it possible to enhance airtightness and
electromagnetic shielding when an organic material is used for the substrate.

[0028]

(6) Patterning planar spiral wiring on a substrate top layer and intermediate layer and forming a coil electrically
connected to a spiral wiring center makes it possible to increase a number of coil turns and thus obtain large
inductance from a small coil footprint. Furthermore, making an insulating layer between the substrate top layer
and intermediate layer thinner makes it possible to raise a coupling coefficient of a coil formed on both layers, and,
as a result, obtain a large inductance from a small coil footprint. This makes it possible to shorten a coil wiring
length, keep a coil resistance low, and raise a Q value while still obtaining the same inductance. Additionally, an
inductance and Q value caused by a proximity to a ground layer can be reduced by making an insulating layer
between the intermediate layer and ground layer thicker.

[0029]

(7) Building a delay line into an intermediate layer on which a stripline is configured makes it possible to use the
operations described above to form a small splitter module.

[0030]

(8) Integrating a splitter module, low noise amplifier, and surface acoustic wave filter with a built-in matching
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circuit makes it possible to obtain a smaller less expensive front-end module than would be possible if each were
packaged individually.

[0031]

(9) Plating a substrate side surface and a through hole at the same time makes it possible to produce a circuit
element module more inexpensively.

[0032]

(10) Covering a substrate end surface not covered by a metal film with a waterproof resin makes it possible to
enhance water resistance of a circuit element module.

[0033]

EMBODIMENTS

Embodiments of the circuit element module according to the present invention are described below with reference
to the drawings. Although not restricted to any particular frequency, in the following embodiments the circuit
element module according to the present invention is a high frequency module.

[0034]

FIG. 1 is a cross-sectional diagram schematically depicting a structure of the high frequency module shown in the
embodiments according to the present invention.

[0035]

Basically, the high frequency module according to the present embodiment is configured of a multilayer substrate
10, a high frequency element 30 mounted thereupon, and a conductive cap 40 that hermetically seals an upper
surface of the multilayer substrate 10.

[0036]

The multilayer substrate 10 includes a first main surface (upper side in the drawing) and a second main surface
(lower side in the drawing), and the first main surface is an element mounting area DA. There is at least one
element in the element mounting area DA, and a high frequency element 30 and other chip part 14 are mounted
therein. A planar coil 11 is also provided in the element mounting area DA.

[0037]

The multilayer substrate 10 is configured of an organic material such as, glass epoxy, BT resin
(bismaleimide-triazine resin), polytetrafluoroethylene (Teflon: DuPont product name), or the like. All of these
organic materials can be manufactured more inexpensively than conventionally-used inorganic materials.
Furthermore, when a surface acoustic wave element (SAW) is used as the high frequency element 30, it is
preferable that thermal expansion coefficients of the substrate and the high frequency element be close to each
other. The thermal expansion coefficients of these materials and conventionally-used inorganic materials are
shown in Table 1.

[0038]
Table 1
(Units: x 10°%/°C)
Inorganic Substrate Material Organic Substrate Material SAW
Alumina 6to 7.7 Glass epoxy 10to 15 10to 16
Mullite 2to4 BT resin 13to 17
Glass 2t04 Teflon 10
[0039]

As is shown in Table 1, all of the organic materials have thermal expansion coefficients close to that of the SAW.
By contrast, the thermal expansion coefficients of the inorganic materials differ from that of the SAW by one order
of magnitude, which creates a risk that temperature changes will generate stress in the SAW and cause distortion.
Because the thermal expansion coefficients are close in the present embodiment, this risk is not present.

[0040]

The multilayer substrate 10 includes a first insulating layer 10a and a second insulating layer 10b provided a layer
below the first, both of which are formed from the organic materials described above, and the substrate is
configured by laminating these layers. An upper surface (surface not in contact with the second insulating layer) of
the first insulating layer 10a configures the first main surface. Furthermore, a lower surface (surface not in contact
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with the first insulating layer) of the second insulating layer 10b configures the second main surface.

[0041]

A first metal film 21a is provided on the first main surface of the multilayer substrate 10 surrounding the element
mounting area DA. Furthermore, a second metal film 2 is provided on the second main surface of the multilayer
substrate 10 covering at least an area facing the element mounting area DA. According to the present embodiment,
the second metal film 20 is provided over most of an area of the second main surface of the multilayer substrate
10, excluding a peripheral portion thereof.

[0042]

Additionally, a first metal film 21b is provided in the element mounting area DA. The first metal film 21a is
located outside the element mounting area, and the first metal film 21b is located inside the element mounting
area. The two films are essentially the same, with only the difference being where the films are located. Therefore,
the two films may be connected. For example, the films can be formed at the same time as one film.

[0043]

Furthermore, although not depicted in the drawings for the present embodiment, a third metal film 23, as depicted
in FIG. 3(b), for example, is provided on a side surface of the multilayer substrate 10. The third metal film 23 is
connected to the first metal film 21a and the second metal film 20. Thus, almost the entire surface of the multilayer
substrate 10 is covered by a metal film, which enhances electromagnetic shielding and moisture resistance of the
high frequency module according to the present embodiment. Note that the third metal film 23 is provided with a
boundary so as not to come into contact with an external connecting electrode 22b described below.

[0044]

The first, second, and third metal films can be configured as a ground conductor. Furthermore, the films are
preferably formed across as large an area as possible so as to cover a surface of the multilayer substrate 10. This
makes it possible to prevent permeation of water more effectively.

[0045]

These metal films and the planar coil 11 can be configured by patterning a plated film of copper, nickel,
chromium, or the like. Furthermore, gold may be plated on top of these films. As is described below in other
embodiments, these metal films and the planar coil 11 may be configured by being embedded in upper surface
parts of the insulating layers 10a and 10b. These insulating layers 10a and 10b can be formed by providing a recess
for a desired pattern on upper surfaces thereof by dry etching, or the like, and filling the recess by metal plating
copper, or the like, in this portion. The layers may also be configured by preparing an insulating sheet with
patterns of these metals provided thereupon, coating the sheet with resin, and embedding these metal patterns in
the upper surfaces of the insulating layers.

[0046]

Furthermore, an internal connecting electrode 22a that forms a connection with an element and is provided in the
element mounting area DA, and an external connecting electrode 22b that forms an external connection, is not
covered by the cap 40, and is provided in a location where the electrode does not make contact with the first metal
films 21a and 21b and the second metal film 20, are provided in the multilayer substrate 10. At least two of the
internal connecting electrodes 22a are provided in order to connect a mounted element. In fact, as was described
above, other elements besides the high frequency element 30 are also present, so at least two elements are present.
For example, the internal connecting electrode 22a may be configured of a metal film, or an end surface of a via 25
described below may be used as the internal connecting electrode 22a. Similarly, at least two of the external
connecting electrodes 22b are also provided. The external connecting electrode 22b is provided on a side surface
of the multilayer substrate 10.

[0047]

Additionally, the via 25 is provided on the multilayer substrate 10. The via 25 is provided on the first and second
insulating layers 10a and 10b described above. At least two of the vias 25 are provided only on the first insulating
layer 10a, and one end of each via is connected to the internal connecting electrode 22a described above. In the
present embodiment, each via has the internal connecting electrode 22a formed on that one end thereof. Note that
a via 25 end part itself may be used as the internal connecting electrode 22a.

[0048]

Furthermore, other vias 25 pass through the first and second insulating layers 10a and 10b. One end of some of
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these vias 25 is connected to the first metal film 21a, while the other end is connected to the second metal film 20.
Furthermore, one end of the other vias 25 is connected to the first metal film 21b, while the other end is connected
to the second metal film 20. As a result, the first, second, and third metal films 22a, 20, and 22b provided on both
surfaces of the multilayer substrate 10 form equipotential surfaces that can be used as ground conductors.

[0049]

Furthermore, a wiring conductor 24 is provided on an upper surface (interface with the first insulating layer) of the
second insulating layer. One end of at least two of the wiring conductors 24 is connected to the external connecting
electrode 22b. Furthermore, the other end of the via 25 connected to the internal connecting electrode 22a is
connected to another portion of the wiring conductor 24. As a result, the internal connecting electrode 22a and the
external connecting electrode 22b are connected. Although only the wiring conductor 24 for connecting an
electrode is shown in the present embodiment, other wiring conductors 24 used to make connections between
elements may also be present internally connected to corresponding vias 25.

[0050]

In the present embodiment, the metal films 21a, 21b, and 20 that form ground layers are present above and below
the wiring conductor 24, which is provided so as to be sandwiched therebetween. Accordingly, the wiring
conductor 24 configures a stripline. Therefore, a high frequency signal waveform distortion can be minimized,
and when this is used as a delay line, there is no drop in an effective dielectric constant as there is with a
microstripline, a line can be shorter, and a module made smaller. Additionally, in the present embodiment, the
moisture sensitive high frequency element 30 is mounted on the first metal film 21b. This makes it possible to
prevent moisture from penetrating directly into the high frequency element 30 from the substrate 10 side.

[0051]

The cap 40 is, for example, shaped like a tray as depicted in FIG. 3 described below, and includes an opening 40a.
The cap 40 is outside the element mounting area of the multilayer substrate 10, and the opening 40a is brought into
close contact with the first metal film 21a on an upper surface of the substrate 10. Brought into close contact by,
for example, solder 41.

[0052]

This type of configuration uses the cap 40 and the first, second, and third metal films 21a, 21b, 20, and 23 of the
multilayer substrate 10 to electromagnetically shield and hermetically seal a space in which the high frequency
element 30 is mounted. Note that an organic material used as an insulating material for the multilayer substrate 10
is somewhat moisture permeable. However, because the multilayer substrate 10 is covered by the first, second,
and third metal films in the present embodiment, a moisture intrusion path 100 as depicted, for example, in FIG. 1,
can be made as long as possible. Therefore, moisture resistance is enhanced accordingly.

[0053]

Furthermore, the insulating layer is made of organic material, and a surface thereof can thus be made smooth when
the layer is formed. Accordingly, there are few substrate surface irregularities when a coil, or the like, is formed in
an upper part of the insulating layer, which reduces errors in characteristics caused by such irregularities, and
allows a product with a desired performance to be formed at high yield.

[0054]

A second embodiment according to the present invention is described next with reference to FIG. 2.

[0055]

The second embodiment depicted in FIG. 2 is characterized in that the multilayer substrate 10 has a three-layer
structure that includes the first insulating layer 10a, second insulating layer 10b, and a third insulating layer
provided therebetween, and is configured of many circuit elements. Other configurations are the same as in the
first embodiment. The following description focuses on what is different.

[0056]

A third insulating layer 10c is formed using the same organic material used to form the first and second insulating
layers 10a and 10b described above. Furthermore, a plurality of the vias 25, wiring conductors 24, and a resistor
element 13 are provided internally within the layers. The planar coil 11 is also provided in the third insulating layer
10c. This planar coil 11 is connected through the via 25 to the planar coil 11 provided on the first insulating layer
10a. Furthermore, in the present embodiment, part of the wiring conductor 24 provided on the third insulating
layer 10c and part of the wiring conductor 24 provided on the second insulating layer 10b are connected to the
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external connecting electrode 22b. Furthermore, electrodes 12a and 12b are provided facing an upper surface of
the third insulating layer and an upper surface corresponding to the first insulating layer 10a, respectively, and a
capacitor 12 is formed therebetween sandwiching the insulating layer 10a. The present embodiment also has the
same effect as the first embodiment described above.

[0057]

A third embodiment according to the present invention is described next with reference to FIG. 3.

[0058]

The present embodiment is an example of a high frequency module that includes, as a functional unit, a surface
acoustic wave filter with a built-in matching circuit equipped with a surface acoustic wave element. FIG. 3(a)
depicts an example of a surface acoustic wave filter circuit. In other words, the present embodiment is configured
from a surface acoustic wave element SAW and impedance matching coils L1, L2, L3, and L4. In order to reduce
transmission loss in the surface acoustic wave filter, it is desirable to achieve impedance matching as close as
possible to the surface acoustic wave element SAW. In the present embodiment, the impedance matching coils L1,
L2, L3, and L4 are mounted on the multilayer substrate 10 by patterning planar spiral wiring.

[0059]

Specific mounting structures for the present embodiment are depicted in FIG. 3(b) and (c). The present
embodiment includes the multilayer substrate 10 on which the surface acoustic wave element, or the like, is
mounted, and the cap 40.

[0060]

The multilayer substrate 10 used in the present embodiment, like that of the first embodiment, includes the first
insulating layer 10a and second insulating layer 10b. The first metal films 21a and 21b, coils L1, L2, L3, and L4,
internal connecting electrode 22a, and via 25 are provided on the first insulating layer 10a. Furthermore, the wiring
conductor 24 and second metal film 20 are provided on the second insulating layer 10b. In the present
embodiment, the first metal films 21a and 21b and coils L1, L2, L3, and L4 are embedded in an upper surface of
the first insulating layer 10a. Furthermore, the wiring conductor 24 and second metal film 20 are provided on the
second insulating layer 10b by patterning a plating film, or the like, thereupon. Note that the wiring conductor 24
and the second metal film 20 may be formed in such a manner that hey are embedded in the lower surface side of
the first insulating film 10a. Note that such a structure may also be used in the other embodiments as well.
[0061]

Furthermore, the external connecting electrode 22b is provided on a side surface of the multilayer substrate 10.
The external connecting electrode 22b is provided by cutting out a part of a side surface of the multilayer substrate
10 into a semi-cylindrical shape and forming an equivalent metal film on this portion by plating, or the like. This
portion can also be provided as a via if a multiplicity of the multilayer substrates 10 are provided on a larger
substrate and then cut to form the multilayer substrates.

[0062]

Furthermore, the first metal films 21a and 21b are provided so as to cover almost an entire upper surface of the
multilayer substrate 10, except for the coils L1, L2, .3, and L4 and the external connecting electrode 22.
Similarly, the second metal film 20 is also provided so as to cover almost an entire lower surface of the second
insulating substrate 10b. In this case, the film is provided so as to avoid making contact with the external
connecting electrode 22b. Furthermore, as is depicted in FIG. 3(b), a metal film 23 is provided on a side surface of
the multilayer substrate 10. The metal film 23 is connected to the first metal film 21a and second metal film 20
described above. Thus, almost an entire surface of the multilayer substrate 10 is covered by a metal film, which
enhances electromagnetic shielding and moisture resistance of the high frequency module according to the present
embodiment.

[0063]

Furthermore, the wiring conductor 24 configures a stripline and thus can minimize high frequency signal
distortion.

[0064]

A fourth embodiment according to the present invention is described next with reference to FIG. 10.

[0065]

The present embodiment subjects the high frequency module of third embodiment to additional waterproofing.
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Only this point is described here.

[0066]

That is, as is depicted in FIG. 10, in the present embodiment, a portion not covered by metal in the element
mounting area DA on the upper surface of the first insulating layer 10a is covered by a waterproof resin 200. In
FIG. 10, this portion is the portion where the coil 11 is provided. Configuring in this way surrounds a space in
which the SAW is mounted with the first metal films 21a and 21b, a metal film of the coil 11, the waterproof resin
200, and the cap 40, to thus more reliably prevent moisture intrusion.

[0067]

Note that this waterproof resin waterproofs the multilayer substrate broadly to include not just a portion covered
by the cap 40 but also a portion not covered by a metal film. Furthermore, it goes without saying that this
waterproofing is not limited to a high frequency module with the structure of the embodiment depicted in FIG. 10,
and can thus also be applied broadly to the high frequency module depicted in FIG. 1 and FIG. 2, the application
modules described below, and the like.

[0068]

Embodiments of various application modules are described next using the configuration concept of the high
frequency module according to the present invention.

[0069]

FIG. 4 is an embodiment that applies the configuration concept of the high frequency module according to the
present invention to a splitter module.

[0070]

FIG. 4(a) is an example of a circuit of the splitter module according to the present embodiment. The splitter
module is configured from two sets of the surface acoustic wave filter with a built-in matching circuit described
above and two sets of delay lines D with approximately 1/4 electrical length. FIG. 4(b) is a cross-sectional diagram
schematically depicting a structure of this module when mounted.

[0071]

Although the module configuration is about the same as that of the surface acoustic wave filter with a built-in
matching circuit described above, the two sets of delay lines D, which require a relatively large wiring space, can
be provided in an intermediate layer as a stripline, which makes it possible to make the splitter module smaller
when formed. The configuration of the multilayer substrate 10 is basically the same as that described in the
embodiments so far.

[0072]

FIG. 5 is an embodiment that applies the configuration concept of the high frequency module according to the
present invention to a front-end module such as a wireless device, or the like.

[0073]

FIG. 5(a) is an example of a circuit of the front-end module. The front-end module is configured by applying a low
noise amplifier made from a high frequency transistor T and a plurality of coupling capacitors 12, bypass
capacitors 15, and coils 11 to the splitter module described above and a surface acoustic wave filter with a built-in
matching circuit F.

[0074]

FIG. 5(b) is a cross-sectional diagram schematically depicting a structure of this module when mounted. Although
the module configuration is about the same as that of the splitter module described above, a module substrate is
larger, and the high frequency transistor T, plurality of coupling capacitors 12, bypass capacitors 15, and coils 11
for the low noise amplifier, and the surface acoustic wave filter with a built-in matching circuit F are mounted on
the same multilayer substrate 10. Using this type of module structure makes it possible to obtain a smaller less
expensive front-end module than could be obtained by packaging each functional module separately. The
configuration of the multilayer substrate 10 is basically the same as that in the embodiments described above.
Accordingly, the same effect can be obtained.

[0075]

FIG. 6 is an embodiment of a coil formed in the multilayer substrate 10 used in an embodiment according to the
present invention.

[0076]
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FIG. 6(a) depicts the coil 11 produced by patterning spiral wiring on a substrate top layer. The coil 11 is
electrically connected by the via 25 to another circuit from the external connecting electrode 22b, and the like,
through the wiring conductor 24 that configures a stripline. With the coil 11 formed by this configuration, an upper
half of a space for the coil 11 can be filled with a gas having a relative dielectric constant of approximately 1,
thereby making it possible to reduce parasitic capacitance. Therefore, it is possible to increase a self-resonant
frequency of the coil 11.

[0077]

FIG. 6(b) depicts the coil 11 produced by patterning spiral wiring on an intermediate layer. A center of the coil 11
is led out to an upper surface of the multilayer substrate 10 through the via 25. An end part 25a of the via 25 is
connected to the high frequency element 30 such as the surface acoustic wave element SAW, or the like, not
depicted in the drawing, mounted on the multilayer substrate 10 by wire bonding, or the like. Because this
configuration makes it possible to lengthen the moisture intrusion path 100 and make an opening area of the via 25
portion smaller, a substrate with superior airtightness can be configured.

[0078]

FIG. 6(c) depicts the coil 11 produced by patterning planar spiral wiring on substrate top layer and intermediate
layer. With the coil 11, electrically connecting a center to the via 25 makes it possible to increase a number of coil
turns and thus obtain large inductance from a small coil footprint. Furthermore, making an insulating layer
thickness t1 between the substrate top layer and intermediate layer thinner makes it possible to raise a coupling
coefficient of a coil formed on both layers, and, as a result, obtain a large inductance from a small coil footprint.
This makes it possible to shorten a coil wiring length, lower a resistance of the coil 11, and raise a Q value while
still obtaining the same inductance.

[0079]

Additionally, with respect to FIG. 6(a), (b), and (c), the decrease in an inductance and Q value caused by a
proximity of a ground layer 20 and the coil 11 can be reduced by making an insulating layer thickness t2 between
the intermediate layer and ground layer thicker.

[0080]

A method for manufacturing the circuit element module according to the present invention is described next with
reference to the drawings.

[0081]

FIG. 7 is a process concept diagram depicting a method for plating a substrate end surface 23 of the multilayer
substrate 10 in the module configuration described based on FIG. 3. FIG. 7 is a plan view of a multi-piece
substrate 10’ (four substrates are depicted in the drawing) seen from above.

[0082]

A hole for a through via is provided in the multi-piece substrate 10’ at a position of the external connecting
electrode 22, then, in a location an insulating distance from the via, a router, or the like, is used to cut around an
omitted area surrounding a substrate, both are plated at the same time, and the third metal film 23 is formed on a
side surface. The multilayer substrate 10 is separated in a final step by cutting along the dashed line. Plating the
substrate end surface 23 and the through via, that is, the external connecting electrode 22, at the same time in this
way makes it possible to produce the high frequency module inexpensively. Note that the first and second metal
films may be plated at the same time.

[0083]

FIG. 8 is a diagram for describing a mounting method for making a high frequency module M such as the surface
acoustic wave filter with a built-in matching circuit, splitter module, front-end module, or the like, airtight, and
particularly more water resistant.

[0084]

After the high frequency module M is soldered to a set substrate S of a portable wireless terminal, or the like, by a
soldered connection 42, the high frequency module can be made more water resistant by covering a substrate end
surface, in particular, a substrate end surface not covered by a metal film, with the waterproof resin 200. This
makes it possible to enhance reliability as a set.

[0085]

FIG. 9 is a diagram for describing a sealing method in a sealing step using the metal cap 40 of the high frequency
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module.

[0086]

According to the embodiment in FIG. 9(a), the cap 40, pre-coated with solder 41, is instantly heated and pressed
into the opening 40a by a pulse heater H, making it possible to achieve flux-less solder sealing. This helps prevent
contamination inside of the module due to flux, leading to improved reliability. In addition, the instant heating
method allows the surface acoustic wave element (SAW) to be sealed without being heated to a high temperature,
preventing element degradation during a sealing process.

[0087]

Furthermore, according to the embodiment in FIG. 9(b), a preformed solder 41 can be used instead of pre-coating
the cap 40 with solder to achieve flux-less solder sealing, allowing the same effect as above to be achieved.
[0088]

As was described above, according to the embodiments of the present invention, despite incorporating a plurality
of functions, a high frequency module such as a surface acoustic wave filter with a built-in matching circuit, a
splitter module, a front-end module, or the like, can be made small. Furthermore, this allows the module to be
made small without compromising high frequency characteristics, and enables inexpensive support for ensuring
airtightness, particularly for an element that is sensitive to surface contamination, such as a surface acoustic wave
element. Furthermore, because an organic material is used, a surface of an insulating layer is smooth, and although
examples of a high frequency module were depicted in the embodiments described above that can easily form an
element such as a coil, or the like, with desired characteristics, the present invention is not limited thereto.

[0089]

EFFECT OF THE INVENTION

As described above, according to the present invention, a small lightweight functional unit that includes a surface
acoustic wave element, or the like, can be mounted inexpensively.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional diagram schematically depicting a configuration of a first embodiment of the high
frequency module according to the present invention.

FIG. 2 is a cross-sectional diagram schematically depicting a configuration of a second embodiment of the present
invention.

FIG. 3 depicts a configuration of a third embodiment of the present invention where, (a) is a circuit diagram
thereof, (b) is a perspective diagram depicting a structure thereof, and (c) is a cross-sectional diagram
schematically depicting a configuration of the third embodiment.

FIG. 4 depicts an embodiment that applies the present invention to a splitter module where, (a) is a circuit diagram
thereof, and (b) is a cross-sectional diagram schematically depicting a configuration of the embodiment.

FIG. 5 depicts an embodiment that applies the present invention to a front-end module where, (a) is a circuit
diagram thereof, and (b) is a cross-sectional diagram schematically depicting a configuration of the embodiment.
FIG. 6 is a cross-sectional diagram schematically depicting an embodiment of a coil that can be used with the
present invention.

FIG. 7 is a process concept diagram depicting a method for cutting the module according to the present invention
from a multi-piece substrate and for manufacturing an external electrode.

FIG. 8 is a diagram for describing a mounting method that can also be applied to the present invention in order to
improve water resistance.

FIG. 9 is a diagram for describing a method for sealing the present invention.

FIG. 10 is a cross-sectional diagram schematically depicting a configuration of a fourth embodiment according to
the present invention.

DESCRIPTION OF SYMBOLS

10...Multilayer substrate 10°...Multi-piece substrate (mother substrate)
11...Coil 12...Capacitor

13...Resistor 14...Chip part

15...Bypass capacitor 20...Second metal film

21a and 21b...First metal films 22...External connecting electrode
23...Third metal film 24...Wiring conductor
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25...Via 30...High frequency element

40...Cap 41...Solder
100...Moisture intrusion path 200...Waterproof resin
SAW...Surface acoustic wave element D...Delay line
T...High frequency transistor S...Set substrate

L1, L2, L3, and L4...Impedance matching coils
F...Surface acoustic wave filter with a built-in matching circuit
tl and t2...Insulating layer thicknesses

FIG. 1 FIG. 2
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HC Language Solutions, Inc.
4701 Patrick Henry Dr. Bldg16, Suite 116
Santa Clara, CA 95054

CERTIFICATION OF TRANSLATION

I, Takashi Maeshiro, on behalf of HC Language Solutions, Inc., do solemnly and
sincerely declare, to the best of my knowledge and belief, that the attached text represents a
translation of Japanese Patent Application Publication Number JP 6-97315, that the translation
was performed by HC Language Solutions, Inc., and that the translation represents a true, correct,
and faithful translation from Japanese to English in a form that reflects the intention and meaning
of the original text.

| hereby declare that all statements made herein of my own knowledge are true and that
all statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United
States Code.

Date: December 24, 2024
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Takashi Maeshiro
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