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Abstract

Provided is an antenna device capable of simplifying a
structure while preventing degradation of antenna performance even
with an upright type double-case structure. An antenna device (1)
having a double-case structure includes an inner case (13) inside
of which a housing space is formed so as to house a coil element
(12) and the like therein, the inner case (13) being covered with
an outer case (15). An antenna element (14) is provided between
an outer surface of the inner case (13) and an inner surface of
the outer case (15). The antenna element (14) is electrically
connected to the coil element (12) provided in the housing space

while keeping water-tightness of the housing space.
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Description

Title of Invention: ANTENNA DEVICE

Technical Field
[0001] Thepresent inventionrelatestoanantennadevicehaving

adouble-case structure, whichis tobeinstalledupright onavehicle

roof.

Background Art

[0002] A case of an antenna device installed on a vehicle roof
is painted in a color so as to match with a body color of a vehicle
in many cases. Therefore, vehicle manufacturers have to store
antenna devices for respective colors in a vehicle assembly line
stock, resulting in taking up a space for stock. As acountermeasure
against it, double-case structure has hitherto been attempted to
be provided to the antenna device. For example, an antenna unit,
whichisdisclosed inPatent Literaturel, includesanantennaelement
housed water-tightly in a space formed by a base and an inner case,
and is configured to cover the inner case with an outer case having
a color matched with a body color.

[0003] On the other hand, in view of design, there has recently
beenproposedanantennadevice includingacase formedinastreamline
shape called "sharkfin". However, under regulationsonprojections
from vehicles, a height of the antenna device projecting from the
vehicle roof is limited to about 70 mm or smaller. In the antenna

device configured to receive AM/FM bands, the antenna element is
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required to be arranged at a position as high as possible so as
to ensure electrical performance. Thus, under a condition in which
the height is limited to about 70 mm or smaller, the electrical
performance cannotbe sufficientlyensured. Asameasure forsolving
the problemdescribed above, for example, asmall-height type antenna
device disclosed in Patent Literature 2 is designed to set an area
of the antenna element to be housed within a small space as large
as possible, and to arrange the antenna element at a high position.
Specifically, after an antenna board with an antenna pattern formed
thereon is installed upright on the base, a top portion is arranged
to extend acress the antenna board so that the top portion and the

antenna pattern may form a complex type antenna element.

Citation List
Patent Literature
[0004] [PTL 1] 2012-085044 A

[PTL 2] 2010-021856 A

Summary of Invention

Technical Problem

[0005] When the small-height type antenna element disclosed
inPatentLiterature 2 isconfiguredtohave thedouble~-case structure
as in the case of the antenna device disclosed in Patent Literature
1, the antenna element is housed inside the inner case. Therefore,
as compared to a single case, a housing space is correspondingly

reduced because of the double structure. No problem occurs when
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a patch antenna is designed to have a small height and a small size
asdescribed in Patent Literature 1. Inthe antennadeviceincluding
the antenna element that is required tobe arranged at ahighposition
so as to ensure the electrical performance required for AM/FM band
reception as described in Patent Literature 2. However, a position
at which the antenna element is arranged becomes a lower position.
Further, the area thereof is reduced. Thus, degradaticn of antenna
performance 1s inevitable.

Further, the structure configured to support the antenna
element becomes more complex. Thus, there is another problem in
that manufacture cost cannot be reduced.

The present inventionhas anobject toprovideanantennadevice
capable of simplifying a structure while preventing the degradation
of the antenna performance even with an upright-type double-case

structure.

Sclution to Problem
[00061] According to one embodiment of the present disclosure,
there is provided an antenna device tobe installed onapredetermined
portion of a vehicle bedy, including: an inner case having a
three-dimensional shape, configured to form a housing space so as
tohouse anelectronic component therein, and anouter caseconfigured
to cover the inner case. A height from the vehicle body to a highest
portion of the outer case may be smaller than 70 mm.

An antenna element is provided between an cuter surface of

the inner case and an inner surface of the outer case. The antenna
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element is electrically connected to the electronic component
housed in the housing space while maintaining water-tightness of
the housing space inside the inner case.

The antenna element is, for example, formed in an
approximately planar shape along a shape of the outer surface of
the inner case or the 1inner surface of the outer case. A
watertight connecting member is provided so as to electrically
connect the antenna element to the electronic component housed in
the housing space while maintaining the water-tightness of the
housing space inside the inner case. The watertight connecting
member includes an outer terminal exposed on the outer surface of
the inner case and an inner terminal conductive with the outer
terminal, which is exposed on the inner surface of the inner case
while maintaining the water-tightness of the housing space inside
the inner case. The watertight connecting member is embedded in,
for example, a case main body of the inner case.

[0006A] According to one aspect of the present invention, there
is provided an antenna device to be installed on a predetermined
portion of a vehicle body, comprising: an inner case having a
three-dimensional shape, configured to form a housing space so as
to house an electronic component therein; an outer case
configured to cover the inner case; a first element provided
between an outer surface of the inner case and an inner surface
of the outer case, wherein the first element 1is electrically
connected to the electronic component while maintaining water-
tightness of the housing space inside the inner case; and an
embedded watertight connecting member having an outer terminal
exposed on the outer surface of the inner case and an inner
terminal exposed on the inner surface of the inner case, the
inner terminal being conductive with the outer terminal while
maintaining the water-tightness of the housing space inside the

inner case.

Date Regue/Date Received 2021-07-23
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[0006B] According to another aspect of the present invention,
there 1is provided an antenna device to Dbe 1installed on a
predetermined portion of a vehicle body, comprising: an inner
case having a three-dimensional shape, configured to form a
housing space so as to house an electronic component therein; an
outer case configured to cover the inner case; and a first
element and a second element which, in combination, are
configured to receive at least FM band by electrically connecting
the first element and the second element each other, wherein the
first element is provided between an outer surface of the inner
case and an inner surface of the outer case, wherein the second
element 1is housed in the housing space, and wherein the first
element is electrically connected to the electronic component
through the second element while maintaining water-tightness of

the housing space inside the inner case.

Advantageous Effects of Invention

[0007] The antenna device according to the present disclosure
includes the antenna element provided between the outer surface of
the inner case and the outer case. The antenna element 1is
electrically connected to the electronic component housed in the
housing space while maintaining the water-tightness of the housing
space inside the inner case. Therefore, even with the double-case
structure having a restriction on height, cost can be reduced while

preventing the antenna performance from being lowered in a case

Date Regue/Date Received 2021-07-23
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of the antenna performance with a single case structure in the same

size.

Brief Description of Drawings
[0008] FIG. 1 is an external perspective view of an antenna
device according to a first embodiment of the present invention.

FIG. 2 is an explanatory view of a sectional structure of the
antenna device according to the first embodiment.

FIG. 3 is an exploded perspective view of the antenna device
according to the first embodiment.

FIG. 4A is an explanatory view of a back surface of an inner
case, for illustrating a state in which a coil element is mounted,
and FIG. 4B is an external perspective view thereof.

FIG. 5 is an external perspective view of an assembly before
an outer case i1s mounted.

FIG. 6 is a graph for comparing sensitivity characteristics
in an FM band.

FIG. 7 is a graph for comparing sensitivity characteristics
in an AM band.

FIG. 8 is a partially exploded perspective view of an antenna

device according to a second embodiment of the present invention.

Description of Embodiments
[0009] Embodiments of the present invention are described in
the following with reference to the attached drawings.

[First Embodiment]
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<Entire Configuration>

FIG. 1 is an external perspective view of an antenna device
according to a first embodiment of the present invention. FIG. 2
is anexplanatoryviewof asectional structure of the antennadevice.
FIG. 3 is an exploded perspective view of the antenna device.

An antenna device 1 according to this embodiment is an antenna

device mainly configured to receive AM and FM bands, and has a
double-case structure including a base 10, a circuit board 11 on
which an electronic circuit such as an amplifier is mounted, a coil
element 12, an inner case 13 mounted to the base 10 with
water-tightness, an antenna element 14, and an outer case 15
configured to cover the inner case 13.
[0010] In this specification, assuming that a mounted state
of the antenna device 1 is as illustrated in FIG. 2, a description
is given defining the left in FIG. 2 as "front", the right in FIG.
2 as "rear", the upper side in FIG. 2 as "upper portion” or "upside",
and the lower side in FIG. 2 as "lower portion" or "downside" for
convenience.

The outer case 15 has a three-dimensional shape that projects
upward from a body roof 20 corresponding to an example of a mounted
surface to have a height within 70 mm. For example, the outer case
15 is formed to have a shark fin-like shape with the smallest height
at an upper front end and the largest height at an upper rear end.
The outer case 15 is a radiowave transmitting member made of, for
example, a resin, and is painted so as to match a vehicle body color.

[0011] The inner case 13 is hollow, and has a top portion 131
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having an approximately similar shape to a shape of an inner surface
of the outer case 15, a dent portion 132 formed on a part of the
top portion 131, and a side wall portion 133 in connection with
the top portion 131. The inner case 13 has an edge portion mounted
to the base 10 through an elastic pad 17 therebetween. As a result,
a housing space S for housing an electronic component and the like
therein is formed between an upper surface of the base 10 and an
inner portion of the inner case 13. The inner case 13 is made of,
for example, a resin. The top portion 131 of the inner case 13 is
formed to extend from an upper end of the inner case 13 to a
predeterminedheightposition. The"predeterminedheightposition”
is a position at which the antenna element 14 provided on the top
portion 131, which 1is described later can ensure antenna
characteristics. Further, hole portions 134 for housing tongue
pieces 142 of the antenna element 14, which are described later,
are formed in a base portion of the top portion 131. Further, on
each of both side surfaces of the top portion 131, two projecting
portions 135 extending upward from a lower end are formed.

[0012] The base 10 serves as a base for the inner case 13 and
the outer case 15 and also serves as a mount base for the vehicle
body roof 20, and is formed by aluminumdie casting, zinc die casting,
or the like. 1In addition to a dent for housing the above-mentioned
elastic pad 17 therein, a connector mechanism 18 that projects
downward beyond the vehicle body roof 20 and is configured to
electrically connect the electronic circuit mounted on the circuit

board 11 and an electronic apparatus provided inside the vehicle
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body to each other is provided to the base 10.

[0013] The circuit board 1l includes a conductive terminal (not
shown) conductive with the electronic circuit. The conductive
terminal and an electronic component provided on the board are
electrically connected. On a surface of the circuit board 11, which
is closer to the inner case 13, a terminal 111 having conductivity
isprovided. Theterminallllisakindoffittinghavingabifurcated
porticn, and is configured to electrically connect a U-shaped piece
123 of the coil element 12, which is described later, and the
conductive terminal of the circuit board 11 to each other while
elastically supporting the U-shaped piece 123. The bifurcated
portion is formed by bending a band-1ike metal plate into an M~like
shape so as to form two projections (bifurcation). Both ends of
the bifurcated portion that forﬁs the M-like shape are inserted
into the conductive terminal of the circuit board 11 so as to be
fixedthereto. Inthismanner, theconductiveterminalofthecircuit
board 11 and the terminal 111 are electrically connected.

[0014] The coil element 12 includes a helical coil 121 having
a cylindrical shape for impedance adjustment, a joint plate 122
having an elongated plate-like shape, configured to be conductive
with an end portion of the helical coil 121, and the U-shaped piece
123 conductive with another end portion of the helical coil 121.
Further, the coil element 12 is formed by molding the helical coil
121, a base portion of the joint plate 122, and a base portion of
the U-shaped piece 123 with a resin.

[0015] A portion formed by molding the helical coil 121 is

- 8 -
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referred to as "coil supporting portion 125", a portion formed by
molding the base portion of the joint plate 122 is referred to as
"front supporting pcrtion 126", and a portion formed by molding
the base portion of the U-shaped piece 123 is referred to as "rear
supporting portion 127".

The coil supportingportion 125 is also formedina cylindrical

shape. A mount hole 128 for fixing the coil element 12 to a
predetermined portion of an inner wall of the inner case 13 is formed
in each of the front supporting portion 126 and the rear supporting
portion 127.
[0016] Although the coil supporting portion 125, the front
supporting portion 126, and the rear supporting portion 127 are
generally formed integrally, the coil supporting portion 125, the
front supporting portion 126, and the rear supporting portion 127
may be assembled after being individually formed.

The joint plate 122 is formed by, for example, bending ametal
plate having both end portions intc an approximately Z-like shape
and forming a through hole 122a in one end portion thereof. The
through hole 122a is formed at a position approximately aligned
with a central axis of a hollowportion of the coil supportingportion
125.

The U-shaped piece 123 is inserted into a central portion of
the bifurcated portion of the terminal 111 as described above so
as to be elastically sandwiched therebetween.

[0017] The antenna element 14 is formed in an approximately
similar shape to a shape of the surface of the top portion 131 except

- 9 -
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for a rear surface, and is arranged on the top portion 131 of the
inner case 13 so as to be present between the inner case 13 and
the inner surface of the outer case 15. Then, the antenna element
14 iselectrically connectedto the coil element 12whilemaintaining
water-tightness of the housing space S by a watertight connecting
member 16. Aspecific structure of thewatertight connectingmember
16 that enables the connection as described above is described later.
[0018] The antennaelement 14 is formedof stainless steel (SUS)
so as to suppress corrosion. In a simple fashion, by bending the
SUS in a plate-like shape having a thickness cof about 0.4 mm to
fit an outer shape of the top portion 131, a sectional shape is
formed as an approximately inverted U-like shape. However, the
antenna element 14 may be constructed by forming linear SUS into
a net-like shape without being limited to the example described
above. As already described above, it is desirable that a height
of the antenna element 14 from the vehicle roof 20 be as high as
possible so as to prevent degradation of antenna performance. 1In
a case of this embodiment, a height from the vehicle roof 20 to
the highest portion of the antenna element 14 is 65 mm.

[0019] A through hole 141 for electrical connection to the
watertight connectingportionléisalsoformedinthe antennaelement
14. From an edge of the antenna element 14, the five tongues pieces
142 project downward. The tongue pieces 142 are inserted into the
hole portions 134 formed at corresponding positions of the inner
case 13. The tongue portions 142 are provided to prevent the antenna
element 14 from being removed from the inner case so as to bring

- 10 -
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the projecting portions 135 of the top portion 131 into elastic
contact with an inner side surface of the antenna element.
[0020] The watertight connecting member 16 includes a
conductive member having a cylindrical shape with a partition, which
has a common partition portion and a pair of opening portions that
are open in directions opposite to each other, in which the partition
portion separates the housing space S and a space in the periphery
of the outer surface of the inner case 13 from each other. A thread
groove is engraved on an inner wall of each of the pair of opening
porticns. One of the above-mentioned opening portions becomes an
outer terminal 161 that is exposed on the outer surface of the inner
case 13. Another of the opening portions becomes an inner terminal
162 that is exposed in the housing space S so as to be conductive
with the outer terminal 161 while maintaining the water-tightness
of the housing space S.

[0021] The outer terminal 161 also serves as a mounting
mechanism for the antenna element 14. Specifically, a male screw
made of a metal is threadably fitted through the through hole 141
of the antenna element 14 so that the antenna element 14 is sandwiched
between a head portion of the male screw and the outer terminal
161, thereby enabling electrical connection between the antenna
element 14 and the watertight connecting member 16.

Similarly, the inner terminal 162 also serves as a mounting
mechanism for the helical coil 121. Specifically, amale screwmade
of a metal is threadably fitted through the through hole 122a of
the joint plate 122 of the coil element 12 so that the joint plate

_11_
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122 conductive with the helical coil 121 is sandwiched between a
top portion of the male screw and the inner terminal 162, thereby
enabling electrical connection between the watertight connecting
member 16 and the helical coil 121.
[0022] An outer peripheral portion of the partition portion,
which is located at an approximately intermediate position between
the both opening portions of the watertight connecting member 16,
is a ridge 163 having a larger diameter than that of the pair of
opening portions. The watertight connecting member 16 having the
structure described above 1s embedded in a case main body by insert
molding so that each of the opening portions is exposed, for example,
at the time of formation of the inner case 13. Theridge 163 prevents
the embedded watertight connecting member 16 from being removed
from the inner case 13 and further ensures the water-tightness of
the housing space S.
[0023] Assembly Procedure

Assembly of the antennadevicel is first startedwith portions
excluding the outer case 15.

A worker first mounts the terminal 111 onto the circuit board
11, and then mounts the circuit board 11 onto the base 10. Further,
the antenna element 14 is mounted onto the top portion 131 of the
inner case 13. The antennaelement 14 ismounted onto the topportion
131 by inserting the five tongue pieces 142 of the antenna element
14 into the hole portions 134 of the inner case 13 and then threadably
fitting themale screw into the outer terminal 161 of the watertight
connecting member 16 through the through hole 141. At this time,

- 172 -



CaA 02939181 2016-08-09

PW140036~-PCT

the projecting portions 135 of the top portion 131 come into elastic
contact with the inner side surface of the antenna element 14.
Therefore, even when the vehicle body (vehicle roof) and the antenna
device 1 oscillate due to travel of the vehicle, the antenna element
14 is not separated from the inner case 13.
[0024] Next, as illustrated in FIGS. 4A and 4B, through the
pair of mount holes 128 formed in the front supporting portion 126
and the rear supporting portion 127, the coil element 12 is fixed
by screwing to a predetermined portion of the inner wall of the
inner case 13. Then, the male screw is threadably fitted into the
inner terminal 162 of the watertight connecting member 16 through
the throughhole 122a of the joint plate 122, whichis visible through
the hollow portion of the coil supporting portion 125. Thereafter,
as illustrated in FIG. 3, the inner case 13 comes into contact with
the elastic pad 17 provided on the base 10, and is fixed by screwing.
When the inner case 13 is mounted onto the base 10, the U-shaped
piece 123 in the rear supporting portion 127 of the coil element
12 is inserted into the terminal 111 provided on the circuit board
11 so as to be sandwiched therein.

The antenna element 14 may be mounted onto the inner case 13
in a final step.
[0025] FIG. 5 is an external perspective view of the assembly
assembled in the above-mentioned manner. The assembly is covered
with the cuter case 15 to complete the antenna device 1. The outer
case and the assembly are assembled by engaging a claw (not shown)

provided to the cuter case with a predetermined portion of the base

_13_
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10.

In the assembly illustrated in FIG. 5, the base 10 and the
inner case 13 are electrically connected to the antenna element
14, the helical coil 121, and the like through the watertight
connecting member 16 in a state in which the base 10 and the inner
case 13 are elastically joined together through the elastic pad
17 to keep the water-tightness. Therefore, even when
water-tightness between the outer case 15 and the assembly is not
sufficient, the electronic circuit provided in the housing space
Sisnotaffected. Thus, manufacturestepsareextremelysimplified.
[0026] [Comparison of Characteristics]

For comparison, an experimental antenna device in which the
antenna element 14 having the same area was assembled inside the
inner case 13 while changing a shape was constructed. A sensitivity
of the thus obtained antenna device and a sensitivity in a case
where the antenna element 14 was arranged on an cuter side of the
inner case 13, specifically, on the top portion 131 as in the case
of the antenna device 1 of this embodiment were measured. An
experiment was conducted after a hole was formed in a metal plate
of about 1 m square and the antenna device was mounted on the metal
plate inplaceof thevehicleroof 20. Inthecase of the experimental
antenna device, a height from the metal plate to the highest portion
of the antenna element was about 64 mm (65 mm in the case of the
antenna device 1 of this embodiment). For a frequency, 76 MHz to
90 MHz was used as an FM band, and 594 kHz was used as an AM band.
[0027] FIG. 6 1is a graph for comparison of sensitivity

- 14 -
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characteristics in the FM band, and has a horizontal axis indicating
the frequency and a vertical axis indicating the sensitivity (dB).
FIG. 7 is a graph for comparison of sensitivity characteristics
in the AM band, and has a vertical axis indicating the sensitivity
(dB). In each of the graphs, "outer"™ indicates a sensitivity change
in a case where the antenna element 14 is arranged on the outer
side of the inner case 13, and "inner" indicates a sensitivity change
in a case where the antenna element 14 is arranged on an inner side
thereof.

In each of the cases, by arranging the antenna element 14 on

the top portion 131 of the inner case 13 as in this embodiment,
improvement of the sensitivity was observed.
[0028] As described above, the antenna element 14 is arranged
on the top portion 131 of the inner case 13 in the antenna device
1 of this embodiment. Thus, even with the double-case structure,
an area and a height equal to those of an antenna element of an
antenna device having a single-case structure with the same shape
and size can be ensured. Therefore, the degradation of the antenna
performance can be prevented when the double-case structure is
provided.

Further, the shape and the area of the antenna element 14 can
be change flexibly in accordance with the shape of the outer surface
cf the inner case 13.

[0028] Further, the antenna element 14 is mounted to the inner
case 13 only by inserting the five tongue pieces 142 into the hole
portions 134 of the inner case 13 and threadably fitting the antenna

- 15 =
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element 14 with the male screw through the through hole 141
therebetween. Further, the antenna element 14 is conductive with
the helical coil 121 through the joint plate 122. Thus, the antenna
element 14 can be mounted on the antenna device 1 without providing
a special-purpose supporting member. Replacement work for the
antenna element 14 is significantly facilitated. Thus, the
manufacture steps of the antenna device 1 and maintenance steps
of the antenna element 14 aftermanufacture are remarkably simplified
as compared to an antenna device having a related-art structure.
[0030] Further, in the antenna device 1 of this embodiment,
the watertight connecting member 16 is embedded in the inner case
13 and the watertight connecting member 16 is used to cause the
antenna element 14 and the joint plate 122 to be conductive with
each other. Therefore, even when the antenna element 14 is arranged
on the outer surface of the inner case 13, the water-tightness of
the housing space S of the inner case 13 can be easily ensured.
[0031] Further, in this embodiment, the helical coil 121, the
base portion of the joint plate 122 conductive with the one end
portion of the helical coil 121, and the base portion of the U-shaped
piece 123 conductive with the another end potion of the helical
coil 121 are molded with the resin to construct the coil element
12. Thececil element 12 is formed into a module so that the assembly
into the antenna device 1 is enabled only by screwing or mounting
the U-shaped piece 123 into the terminal 111. Thus, as compared
to this type of related-art antenna devices, assembly steps are
simplified to facilitate mass production.

_16..
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[0032] Although an example where the outer terminal 161 of the
watertight connecting member 16 and the through hole 141 of the
antenna element 14 are connected to each other and the inner terminal
162 of the watertight connecting member 16 and the through hole
122a of the joint plate 122 are connected to each other by threadably
fitting the male screws has been described in this embodiment, the
above-mentioned connections may be achieved by engagement of pin
members.

[0033] Second Embodiment

In the first embodiment, an example where the single antenna
element 14 is provided and each of the helical coil 121 and the
coil supporting portion 125 of the coil element 12 is cylindrical
has been described. However, the embodiments of the present
invention are not limited to the example described above.

In a second embodiment of the present invention, an example
where two antenna elements are provided and formation into a module
is achieved by forming coils on a board is described. A board on
which coils are formed is referred to as "coill board". The coil
board is installed upright con the circuit board 11 described in
the first embodiment.

Providing the two antenna elements means that electromagnetic
waves in different frequency bands can be received.

[0034] FIG. 8 is an exploded perspective view of an antenna
device 2 according to the second embodiment. The antenna device
2 is the same as the antenna device 1 according to the first embodiment
in having the double-case structure. Specifically, even in the

- 17 -
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second embodiment, theoutercasel5describedinthe first embodiment
is used.

[0035] With reference to FIG. 8, the antenna device 2 of the
second embodiment includes a first antenna element 24a and a second
antenna element 24b. Therefore, two watertight connecting members
26a and 26b are embedded in an inner case 23. Each of the watertight
connectingmembers26aand26bisthe sameasthewatertight connecting
member 16 described in the first embodiment. The first antenna
element 24a is electrically connected to an outer terminal of the
watertight connectingmember 26a, whereas the second antenna element
24b is electrically connected to an cuter terminal of the watertight
connecting member 26b.

[0036] An inner terminal of the watertight connecting member
26a is electrically connected to a first joint plate 221a, whereas
an inner terminal of the watertight connecting member 26b 1is
electrically connected to the second joint plate 221b. The first
joint plate 22l1la and the second joint plate 221b are mounted to
the inner case 23 respectively by male screws.

[0037] The antenna device 2 includes a coil board 223 held by
a holder 222 so that the holder 222 is fixed to a predetermined
portion of an inner wall of the inner case 23. When being fixed
to the inner case 23, the coil board 223 is arranged in a direction
perpendicular to the circuit board 11. When the holder 222 is fixed
to the inner case 23, a first contact point 223a that is conductive
with the first joint plate 22la, a second contact point 223b that
is conductive with the second joint plate 221b, and a third contact

- 18 -
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point 223c and a fourth contact point 223d that are conductive with
terminals (not shown) (having the same structure as that of the
terminal 111 described in the first embodiment) provided on the
circuit board side are formed on the coil board 223.

The first contact point 223a formed on the coil board 223 is

conductive with one end of a first coil (not shown), whereas the
third contact point 223¢c is conductive with another end of the first
coil. The second contact point 223b formed on the coil board 223
is conductive with one end of a second coil (not shown), whereas
the fourth contact point 223d is conductive with another end of
the second coil.
[0038] As described above, in the antenna device 2 of the second
embodiment, the two antenna elements 24a and 24b are provided on
the outer surfaceof thesingleinnercase23. Then, thefirstantenna
element 24a and the first coil of the coil board 223 that is installed
upright inside the inner case 23 are made conductive with each other
and the second antenna element 24b and the second coil of the coil
board 223 are made conductive with each other while keeping the
housing space watertight. Therefore, similarly to the first
embodiment, evenwiththedouble-case structure, theelectromagnetic
waves in the plurality of freguency bands can be received by the
antenna device 2 without lowering the antenna performance as compared
to a case of the single-case structure.

Further, the antenna elements 24a and 24b and the coil board
223 can be mounted to the inner case 23 only by screwing. Therefore,
the manufacture steps can be simplified.

- 19 -
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[0039] In the first embodiment and the second embodiment, the
examples where the antenna element 14 is arranged on the outer surface
of the inner case 13 and the antenna elements 24a and 24b are arranged
ontheouter surface of the inner case 23havebeendescribed. However,
the antenna element may also be provided on an inner wall of the
outer case 15. 1In this case, the watertight connecting member 16
and the antenna element 14, and the watertight connecting members
26a and 26b and the antenna elements 24a and 24b only need to be

connected by a feeder line.

Reference Signs List

[0040] 1, 2-:- antennadevice, 10--- base, 11+-+ circuit board,
12--- coil element, 13,23-:: inner case, 14, 24a, 24b--- antenna
element, 15++- outer case, 16,26a,26b+++ watertight connecting

member, 131--- top portion, 132--- dent portion, 17--- elastic pad,

§--+ housing space, 18--- connector mechanism

- 20 -
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CLAIMS:

[Claim 1] An antenna device to be installed on a predetermined
portion of a vehicle body, comprising:

an inner case having a three-dimensional shape, configured
to form a housing space so as to house an electronic component
therein;

an outer case configured to cover the inner case;

a first element provided between an outer surface of the
inner case and an inner surface of the outer case,

wherein the first element is electrically connected to the
electronic component while maintaining water-tightness of the
housing space inside the inner case; and

an embedded watertight connecting member having an outer
terminal exposed on the outer surface of the inner case and an
inner terminal exposed on the inner surface of the inner case,
the inner terminal being conductive with the outer terminal while
maintaining the water-tightness of the housing space inside the

inner case.

[Claim 2] The antenna device according to claim 1,

wherein a shape of the outer surface of the inner case on
which the first element is provided is approximately similar to a
shape of the inner surface of the outer case, and

wherein the first element is formed in an approximately
planar shape along the shape of the outer surface of the inner

case or the shape of the inner surface of the outer case.
[Claim 3] The antenna device according to claim 2,

wherein the first element is in an elastic contact with the

inner case.
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[Claim 4] The antenna device according to claim 3, further
comprising:

a plurality of tongue pieces projecting downward from an
edge of the first element,

wherein the inner case includes a projecting portion and a
hole portion for housing the tongue pieces in a predetermined
position,

wherein an inner case of the first element is in a contact
with the projecting portion and the tongue pieces are housed in
the hole portion, thereby the first element is in the elastic

contact with the inner case.

[Claim 5] The antenna device according to claim 4,

wherein a dent portion is provided in a vicinity of a top
portion of the inner case, and another dent portion is provided
in a vicinity of a top portion of the first element, and

wherein the outer terminal is exposed to the dent portion
of the inner case, and the outer terminal is in contact with the

another dent portion of the first element.

[Claim 6] The antenna device according to claim 5,

wherein the watertight <connecting member 1includes a
conductive member having a cylindrical shape with a partition,
the conductive member having a common partition portion and a
pair of opening portions being open in directions opposite to
each other, one of the pair of opening portions being the outer
terminal and another of the pair of opening portions being the
inner terminal, and

wherein the partition portion is configured to separate the
housing space and a space in periphery of the outer surface of

the inner case from each other.
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[Claim 7] The antenna device according to claim 6, wherein an
outer peripheral portion of the common partition portion is a
ridge having a larger diameter than that of the pair of opening

portions.

[Claim 8] The antenna device according to any one of claims 5 to 7,
wherein at least one of the outer terminal and the inner terminal

has a structure of engaging a screw or a pin member.

[Claim 9] The antenna device according to any one of claims 5 to
8, wherein the outer terminal is configured to also serve as a

mounting mechanism for the first element.

[Claim 10] The antenna device according to any one of claims 5 to
8,

wherein the electronic component includes a second element
formed into a module, and

wherein the inner terminal is configured to also serve as a

mounting mechanism for one end portion of the second element.

[Claim 11] The antenna device according to claim 10, wherein the
inner terminal and the one end portion of the second element are
electrically connected through a Jjoint plate having an elongated

plate-like shape.

[Claim 12] An antenna device to be installed on a predetermined

portion of a vehicle body, comprising:

an inner case having a three-dimensional shape, configured
to form a housing space so as to house an electronic component

therein;

an outer case configured to cover the inner case; and

Date Regue/Date Received 2021-07-23
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a first element and a second element which, in combination,
are configured to receive at least FM band by electrically
connecting the first element and the second element each other,

wherein the first element is provided between an outer
surface of the inner case and an inner surface of the outer case,

wherein the second element is housed in the housing space,
and

wherein the first element is electrically connected to the
electronic component through the second element while maintaining

water-tightness of the housing space inside the inner case.

[Claim 13] The antenna device according to any one of claims 10
to 12,

wherein the first element is a conductive member formed in
an approximately planar shape, and

wherein the second element is a linear element.

[Claim 14] The antenna device according to any one of claims 1
to 12, further comprising a base which serves as a base for the

inner case and the outer case.

[Claim 15] The antenna device according to any one of claims 1

to 12, wherein the first element includes two or more elements.
[Claim 16] The antenna device according to any one of claims 1

to 12, further comprising a circuit board having a conductive

terminal electrically connected to the electronic component.
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