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(67)  An antenna device (1) includes: a film antenna
(11); a coaxial cable (12); and a support (13). The support
(13) has (i) an indentation (13D) provided in a part in
which a feed section (114) of the film antenna (11) is
arranged, (ii) a holding part for holding the coaxial cable
(12), and (iii) a path for drawing a tip part of the coaxial
cable (12) into theindentation (13D), and the film antenna
(11) is wound around the support (13) so as to surround
the indentation (13D).
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Description
Technical Field

[0001] The presentinvention relates to an antenna de-
vice including a film antenna. The present invention also
relates to a method for manufacturing such an antenna
device.

Background Art

[0002] Conventionally, in a case where a three-dimen-
sional antennais formed by use of a flexible film antenna,
a three-dimensional structure of an antenna conductor
is maintained by attaching/winding the film antenna
to/around a highly rigid support. This is because unless
the film antenna is attached/wound to/around the highly
rigid support, a change in three-dimensional structure of
the antenna conductor occurs, and the change results in
a change in antenna characteristic.

[0003] Note that a high-frequency current is supplied
to/from a film antenna via a cable (e.g., a coaxial cable)
that is connected to the film antenna. The film antenna
and the cable are normally connected by soldering a hot
side conductor and a cold side conductor of the cable
(an inner conductor and an outer conductor of the coaxial
cable) to respective two feed points provided in an an-
tenna conductor of the film antenna. Thus, in order that
the film antenna and the cable are not disconnected from
each other even in a case where the cable is pulled, it is
important to achieve greater durability (connection relia-
bility) with respect to pulling of the cable.

[0004] Known examples of a technique for achieving
greater durability with respect to pulling of the cable in-
clude a technique in which by arranging, in a middle of
a wiring path for a cable, a holding member providing
and holding the cable while bending the cable, a force
by which to pull the cable is made difficult to transmit to
a connection between an antenna and the cable (see,
for example, Patent Literature 1).

Citation List
[Patent Literature]
[0005] [Patent Literature 1]

Specification of European Patent No. 2403327 (Publica-
tion Date: January 4, 2012)

Summary of Invention
Technical Problem

[0006] Note, however, that use of two three-dimen-
sional structures, which are (i) a support for maintaining
a three-dimensional structure of a flexible film antenna
and (ii) a holding member providing and holding a cable
while bending the cable, for an antenna device in com-
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bination causes a problem of causing the antenna device
to have a structure that is more complicated or made
larger.

[0007] The present invention has been made in view
of the problem, and an object of the present invention is
to (i) prevent an antenna device including a flexible film
antenna from having a structure thatis more complicated
or made larger and (ii) allow the antenna device to have
a more stable antenna characteristic and greater dura-
bility with respect to pulling of a cable.

Solution to Problem

[0008] In order to attain the object, an antenna device
in accordance with an aspect of the present invention
includes: a film antenna; a cable which has a tip part
connected to a feed section of the film antenna; and a
support around which the film antenna is wound, the sup-
port having (i) an indentation provided in a part in which
a connection between the cable and the film antenna is
arranged, (ii) a holding part for holding the cable, and (iii)
a path for drawing the tip part of the cable into the inden-
tation, and the film antenna being wound around the sup-
port so as to surround the indentation.

[0009] Inorder to attain the object, a method in accord-
ance with an aspect of the present invention for manu-
facturing an antenna device including: a film antenna; a
cable; and a support around which the film antenna is
wound and which has a holding partfor holding the cable,
the support having (i) an indentation provided in a part
in which a connection between the cable and the film
antenna is arranged and (ii) a path for drawing the tip
partofthe cable into the indentation, the method includes:
a wiring step of causing the holding part to hold the cable
and drawing the tip part of the cable into the indentation
via the path; a connecting step of, after the wiring step,
connecting the tip part of the cable to the feed section
which is arranged in the indentation; and a winding step
of, after the connecting step, winding the film antenna
around the support so as to surround the indentation.

Advantageous Effects of Invention

[0010] The present invention makes it possible to (i)
prevent an antenna device including a film antenna from
having a structure that is more complicated or made larg-
er and (ii) allow the antenna device to have a more stable
antenna characteristic and greater durability with respect
to pulling of a cable. Further, according to the present
invention, during production of the antenna device, a
lighter load can be applied to a connection between the
film antenna and the cable, and the connection can have
greater connection reliability.

Brief Description of Drawings

[0011]
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(a) of Fig. 1is a perspective view illustrating an upper
surface side of an antenna device in accordance with
Embodiment 1 of the present invention. (b) of Fig. 1
is a perspective view illustrating a lower surface side
of the antenna device. (c) of Fig. 1 is a view along
arrows A-A of the antenna device. (d) of Fig. 1 is an
enlarged sectional view illustrating a feed section
and a vicinity thereof (region B).

Fig. 2 is a development view illustrating a film anten-
na of the antenna device illustrated in Fig. 1.

(a) of Fig. 3 is a perspective view illustrating an upper
surface side of a support of the antenna device illus-
trated in Fig. 1.(b) of Fig. 3 is a perspective view
illustrating a lower surface side of the support.

Fig. 4 is a view along arrows C-C of a right arm part
of the support illustrated in Fig. 3.

Fig. 5 is a flowchart of a method for manufacturing
the antenna device illustrated in Fig. 1.

Fig. 6 is a perspective view illustrating the antenna
device which is being manufactured in accordance
with the method shown in Fig. 5.(a) of Fig. 6 illus-
trates the antenna device which has been subjected
to a wiring step. (b) of Fig. 6 illustrates the antenna
device which is being subjected to a connecting step.
(c) of Fig. 6 illustrates the antenna device which has
been subjected to a winding step. (d) of Fig. 6 illus-
trates the antenna device which has been subjected
to an injecting step.

(a) of Fig. 7 is a perspective view illustrating an upper
surface side of an antenna device in accordance with
Embodiment 2 of the present invention. (b) of Fig. 7
is a perspective view illustrating a lower surface side
of the antenna device.

(a) of Fig. 8 is a perspective view illustrating an upper
surface side of a support of the antenna device illus-
trated in Fig. 7.(b) of Fig. 8 is a perspective view
illustrating a lower surface side of the support.

Fig. 9 is a view along arrows D-D of a right arm part
of the support illustrated in Fig. 8.

Fig. 10 is a flowchart of a method for manufacturing
the antenna device illustrated in Fig. 7.

Fig. 11 is a perspective view illustrating the antenna
device which is being manufactured in accordance
with the method shown in Fig. 10.(a) of Fig. 11 illus-
trates the antenna device which has been subjected
to a wiring step. (b) of Fig. 11 illustrates the antenna
device which is being subjected to a connecting step.
(c) of Fig. 11 illustrates the antenna device which
has been subjected to a first winding step. (d) of Fig.
11 illustrates the antenna device which has been
subjected to aninjecting step. (e) of Fig. 11illustrates
the antenna device which has been subjected to a
second winding step.

Fig. 12 illustrates a method for providing, inside a
spoiler, the antenna device illustrated in Fig. 1.

(a) of Fig. 13 is a perspective view illustrating an
upper surface side of an antenna device in accord-
ance with Embodiment 3 of the present invention.
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(b) of Fig. 13 is a perspective view illustrating a lower
surface side of the antenna device.

(a) of Fig. 14 is a plan view illustrating a support of
the antenna device illustrated in Fig. 13.(b) of Fig.
14 is a bottom view illustrating the support. (c) of Fig.
14 is a rear view illustrating the support.

Fig. 15 is a view along arrows E-E of a right arm part
of the support illustrated in Fig. 14.

Fig. 16 shows a modified example of the antenna
device in accordance with Embodiment 3. (a) of Fig.
16 is a plan view illustrating a support of the antenna
device. (b) of Fig. 16 is a bottom view illustrating the
support. (c) of Fig. 16 is a rear view illustrating the
support.

Fig. 17 shows a modified example of the antenna
device in accordance with Embodiment 3. (a) of Fig.
17 is a plan view illustrating a support of the antenna
device. (b) of Fig. 17 is a bottom view illustrating the
support. (c) of Fig. 17 is a rear view illustrating the
support.

Fig. 18 illustrates a method for providing, inside a
spoiler, the antenna device illustrated in Fig. 13.

Description of Embodiments
[Embodiment 1]
(Configuration of antenna device)

[0012] A configuration of an antenna device 1 in ac-
cordance with Embodiment 1 of the present invention is
described below with reference to Figs. 1 through 6.

[0013] Fig. 1is a view illustrating the antenna device
1 in accordance with Embodiment 1. (a) of Fig. 1 is a
perspective view illustrating an upper surface side of the
antenna device 1. (b) of Fig. 1 is a perspective view il-
lustrating a lower surface side of the antenna device 1.
(c) of Fig. 1 is a view along arrows A-A of the antenna
device 1 illustrated in (a) of Fig. 1.(d) of Fig. 1 is an en-
larged sectional view illustrating a feed section and a
vicinity thereof (a region B illustrated in (c) of Fig. 1).

[0014] As illustrated in Fig. 1, the antenna device 1
includes a film antenna 11 that is flexible, a coaxial cable
12 connected to the film antenna 11, and a support 13
for supporting the film antenna 11 and holding the coaxial
cable 12. Moreover, in the antenna device 1, the film
antenna 11 is wound around the support 13 which has
outer dimensions of a box shape (i.e., substantially arec-
tangular parallelepiped shape) and is made of a resin
having rigidity so that a three-dimensional structure of
the film antenna 11 (antenna conductor) is maintained.
[0015] The antenna device 1 in accordance with Em-
bodiment 1 can be used as, for example, an on-vehicle
antennawhichistobeincorporated in aresin-made spoil-
er that is mounted at a rear end of a roof of a vehicle
body such as an automobile. In such a case, the antenna
device 1is provided at a rear end of the roof of the vehicle
body in a state in which, in Fig. 1, a positive direction of
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an x-axis is a rightward direction, a negative direction of
the x-axis is a leftward direction, a positive direction of a
y-axis is a forward direction, a negative direction of the
y-axis is a backward direction, a positive direction of a z-
axis is an upward direction, and a negative direction of
the z-axis is a downward direction. Note that, in the de-
scriptions below, the positive direction of the x-axis, the
negative direction of the x-axis, the positive direction of
the y-axis, the negative direction of the y-axis, the positive
direction of the z-axis, and the negative direction of the
z-axis in the drawings are sometimes expressed as right,
left, front, rear, up, and down, respectively.

[0016] Fig. 2is a development view illustrating the film
antenna 11 included in the antenna device 1 illustrated
in Fig. 1. As illustrated in Fig. 2, the film antenna 11 is
made up of a dielectric film 111 which is flexible and a
first antenna conductor 112 and a second antenna con-
ductor 113 which are provided on a surface of the die-
lectric film 111. The first antenna conductor 112 and the
second antenna conductor 113 constitute a dipole an-
tenna in which the first antenna conductor 112 and the
second antenna conductor 113 serve as respective an-
tennaelements. Alternatively, the firstantenna conductor
112 and the second antenna conductor 113 constitute a
monopole antenna in which the first antenna conductor
112 and the second antenna conductor 113 serve as an
antenna element and a ground plane, respectively. The
film antenna 11 which is flexible is bent along the line V-
V and the line W-W in Fig. 2 such that folds come to an
inner side and is wound around the support 13. Moreover,
the film antenna 11 which is flexible is wound around the
support 13 which has a three-dimensional shape such
that each of the first antenna conductor 112 and the sec-
ond antenna conductor 113 has a predetermined three-
dimensional structure.

[0017] Specifically, as illustrated in Fig. 1 and Fig. 2, a
third section J3 of the film antenna 11 is arranged along
a third supporting surface (i.e., section I3 in Fig. 1) of an
upper surface of the support 13 so that the second an-
tenna conductor 113 extends from a feed section 114 in
the y-axis direction. Moreover, a second section J2 of
the film antenna 11 is arranged along a second support-
ing surface (i.e., section 12 in Fig. 1) which is perpendic-
ular to the third supporting surface, and a first section J1
of the film antenna 11 is arranged along a first supporting
surface (i.e., section 11 in Fig. 1) which is perpendicular
to the second supporting surface. As such, the first an-
tenna conductor 112 extending from the feed section 114
in the z-axis direction is bent so as to extend in the y-axis
direction while facing with the second antenna conductor
113. As such, in the antenna device 1 in accordance with
Embodiment 1, the film antenna 11 which is flexible is
supported by the support 13 which is rigid so that the
three-dimensional structure of the antenna conductor is
maintained, and thus an antenna characteristic is stabi-
lized.

[0018] The coaxial cable 12 which is connected to the
feed section 114 of the film antenna 11 has at least any
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of a function to transmit a high-frequency current which
has been outputted from the film antenna 11 upon recep-
tion and a function to transmit a high-frequency current
which is to be inputted to the film antenna 11 for trans-
mission. The coaxial cable 12 is made up of an inner
conductor, an insulator covering the inner conductor, an
outer conductor covering the insulator, and a jacket cov-
ering the outer conductor. A tip part of the coaxial cable
12, from which tip part the jacket has been removed, is
connected to the feed section 114 (feed points 114a and
114b) of the film antenna 11 by soldering or the like. Spe-
cifically, the inner conductor of the coaxial cable 12 is
connected to the feed point 114a of the first antenna con-
ductor 112, and the outer conductor of the coaxial cable
12 is connected to the feed point 114b of the second
antenna conductor 113.

[0019] Note that, as illustrated in (b) of Fig. 1, the co-
axial cable 12 that is connected to the film antenna 11 is
held, in a state of being bent, by a plurality of holding
parts provided in the support 13. From this, in the antenna
device 1 in accordance with Embodiment 1, even in a
case where the coaxial cable 12 is pulled, the pulling
force is hardly exerted on a connection between the film
antenna 11 and the coaxial cable 12, and it is thus pos-
sible to improve durability with respect to pulling of the
coaxial cable 12.

[0020] Moreover, as illustrated in (c) of Fig. 1, the an-
tenna device 1 in accordance with Embodiment 1 em-
ploys the support 13 which has (i) an indentation 13D in
which the connection between the film antenna 11 and
the coaxial cable 12is arranged and (ii) a path for drawing
the coaxial cable into the indentation 13D, in order to
improve connection reliability of the connection between
the film antenna 11 and the coaxial cable 12 by reducing
a load on the connection during manufacture of the an-
tenna device 1.

[0021] Moreover, as illustrated in (d) of Fig. 1, the con-
nection between the film antenna 11 1 and the coaxial
cable 12 (specifically, the feed section 114 of the film
antenna 11, the tip part of the coaxial cable 12, and solder
for connecting these) is contained in the indentation 13D
of the support 13, and is sealed by a resin 14 that is
obtained by curing a fluid resin injected into the indenta-
tion 13D. From this, in the antenna device 1 in accord-
ance with Embodiment 1, it is possible to prevent the
connection between the film antenna 11 and the coaxial
cable 12 from deteriorating due to, for example, moisture.

(Structure of support)

[0022] The following description will discuss a struc-
ture of the support 13 included in the antenna device 1,
with reference to Fig. 3 and Fig. 4.(a) of Fig. 3 is a per-
spective view illustrating an upper surface side of the
support 13 in which the coaxial cable 12 is provided. (b)
of Fig. 3 is a perspective view illustrating a lower surface
side of the support 13 in which the coaxial cable 12 is
provided. Fig. 4 is a view along arrows C-C of a right arm
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part 13R (described later) of the support 13.

[0023] Thesupport13isaresin molded producthaving
box-shaped outer dimensions in which the indentation
13D is provided in a middle on a y-axis negative side.
The indentation 13D penetrates the support 13 in the up-
and-down direction, and thus a shape of the support 13
in a plan view is a U-shape. The feed section 114 of the
film antenna 11 which is wound around the support 13
and the tip part of the coaxial cable 12 held by the support
13 are arranged in the indentation 13D. Three sides of
the indentation 13D are covered with the film antenna 11
which is wound around the support 13, and thus the in-
dentation 13D is closed.

[0024] Hereinafter, in the support 13, a part located on
an x-axis negative side of the indentation 13D is referred
to as "left arm part 13L", a part located on an x-axis pos-
itive side of the indentation 13D is referred to as "right
arm part 13R", and a part located on a y-axis positive
side of the indentation 13D is referred to as "main body
part 13M". In other words, the support 13 includes (i) the
main body part 13M having a rectangular parallelepiped
shape and (ii) the left arm part 13L and the right arm part
13R each of which has a rectangular parallelepiped
shape and protrudes from the main body part 13M in the
negative direction of the y-axis. Further, the indentation
13D is provided between the left arm part 13L and the
right arm part 13R which are apart from each other.
[0025] In an upper surface of the right arm part 13R on
the y-axis negative side, a recessed groove 13R1 is pro-
vided so as to penetrate the right arm part 13R in the x-
axis direction (from an outward surface of the support 13
to the indentation 13D) as illustrated in (a) of Fig. 3. The
coaxial cable 12 extends from the feed section 114 of
the film antenna 11, which feed section 114 is arranged
in the indentation 13D, in the positive direction of the x-
axis while passing through the recessed groove 13R1
(see Fig. 4). That is, the recessed groove 13R1 serves
as a path for drawing out the coaxial cable 12 from the
indentation 13D (in other words, for drawing the coaxial
cable 12 into the indentation 13D).

[0026] Moreover, a projection part 13R2 which is pro-
jecting in the positive direction of the x-axis is provided
on the x-axis positive side of the right arm part 13R. In
an upper surface of the projection part 13R2, a recessed
groove 13R3 is provided which penetrates the projection
part 13R2 in the y-axis direction. The coaxial cable 12
drawn out from the recessed groove 13R1 (path) is bent
so as to extend in the positive direction of the y-axis, and
is fitinto the recessed groove 13R3. Thatis, the recessed
groove 13R3 serves as a first holding part for holding the
coaxial cable 12.

[0027] Further, in alower surface of the main body part
13M, a recessed groove 13B is provided which extends
in the x-axis direction (see (b) of Fig. 3). The recessed
groove 13B has two groove walls 13B1 and 13B2 which
extend in the x-axis direction and five standing walls 13B3
through 13B7 which are provided between the groove
walls 13B1 and 13B2 and extend in the y-axis direction.
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Among the five standing walls 13B3 through 13B7, the
four standing walls 13B3 through 13B6 are provided with
respective slits 13B8 through 13B11 into which the co-
axial cable 12 can be pressed and set. By causing the
coaxial cable 12 to pass through the recessed groove
13B having the five standing walls 13B3 through 13B7,
it is possible to firmly hold the coaxial cable 12 in a me-
andering state. That is, the recessed groove 13B serves
as a second holding part for holding the coaxial cable 12.
[0028] Moreover, in the main body part 13M on the x-
axis negative side, a projection part 13T1 projecting in
the negative direction of the x-axis is provided. In an up-
per surface of the projection part 13T1, a recessed
groove 13T2 is provided which penetrates the projection
part 13T1 in the y-axis direction. The coaxial cable 12
which is held by the recessed groove 13B (second hold-
ing part) as above described is bent so as to extend in
the positive direction of the y-axis, and is fit into the re-
cessed groove 13T2. That is, the recessed groove 13T2
serves as a third holding part for holding the coaxial cable
12.

[0029] Further, at an end part of the upper surface of
the main body part 13M on the y-axis positive side, a
guide ring 13G is provided through which the film antenna
11 passes. By the guide ring 13G, the third section J3 of
the film antenna 11 is kept contacting with an upper sur-
face (third supporting surface I3) of the support 13.
[0030] As above described, in the support 13 included
in the antenna device 1 in accordance with Embodiment
1, (1) the indentation 13D is provided in a part in which
the feed section 114 of the film antenna 11 wound around
the support 13 is arranged, and (2) the recessed groove
13R1 penetrating the right arm part 13R in the x-axis
direction is provided in the upper surface of the right arm
part 13R as a path for drawing, into the indentation 13D,
the tip part of the coaxial cable 12 which tip partis to be
connected to the feed section 114 of the film antenna 11.
[0031] Withthe arrangement, in the manufacture of the
antenna device 1, it is possible to carry out a wiring step
of causing the support 13 to hold the coaxial cable 12
and drawing the tip part of the coaxial cable 12 into the
indentation 13D via the recessed groove 13R1, and then
carry out a connecting step of connecting the tip part of
the coaxial cable 12 to the feed section 114 of the film
antenna 11in the indentation 13D. Thus, during arrange-
ment of the cable, a lighter load can be applied to the
connection between the film antenna and the cable, and
the connection can have greater connection reliability.
[0032] Note that elastic plate pieces 13P1 and 13P2
having respective protrusions 13Q1 and 13Q2 at their
ends are provided in respective lateral surfaces of the
support 13 on the x-axis positive side and the x-axis neg-
ative side, and the elastic plate pieces 13P1 and 13P2
extend in the negative direction of the z-axis. The protru-
sions 13Q1 and 13Q2 which are provided at the respec-
tive ends of the elastic plate pieces 13P1 and 13P2 are
used to fix the antenna device 1 to an installation target
(e.g., a spoiler of an automobile), as described later.
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(Method for manufacturing antenna device)

[0033] The following description will discuss a method
for manufacturing the antenna device 1, with reference
to Fig. 5 and Fig. 6. Fig. 5 is a flowchart of a method for
manufacturing the antenna device 1. Fig. 6 is a perspec-
tive view illustrating the antenna device 1 which is being
manufactured.

[0034] The antenna device 1 can be manufactured by
carrying out steps shown in Fig. 5, that is, a wiring step
S11, a connecting step S12, a winding step S13, an in-
jecting step S14, and a curing step S15. Contents of the
steps are as follows.

(1) Wiring step S11

[0035] The holding parts (i.e., the recessed groove
13R3, the recessed groove 13B, the recessed groove
13T2) of the support 13 are caused to hold the coaxial
cable 12, and the tip part of the coaxial cable 12 is drawn
into the indentation 13D via the recessed groove 13R1.
As such, the coaxial cable 12 is held by the holding parts
in a state of being bent. From this, even in a case where
the coaxial cable 12 is pulled in the steps after the wiring
step S11, the pulling force is hardly exerted on the con-
nection between the film antenna 11 and the coaxial ca-
ble 12, and it is thus possible to reduce a load on the
connection, and accordingly connection reliability of the
connection can be improved. (a) of Fig. 6 illustrates the
antenna device 1 which has been subjected to the wiring
step S11.

(2) Connecting step S12

[0036] The support 13, in which the coaxial cable 12
is provided in the wiring step S11, is placed on the film
antenna 11 in a state in which the upper surface (third
supporting surface 13) of the support 13 faces in the
downward direction. In this case, the third section J3 of
the film antenna 11 is brought into contact with the third
supporting surface 13 of the support 13, and the feed
section 114 of the film antenna 11 is arranged in the in-
dentation 13D of the support 13. Further, the tip part of
the coaxial cable 12 which has been drawn into the in-
dentation 13D of the support 13 is connected (by solder-
ing in Embodiment 1) to the feed section 114 of the film
antenna 11. (b) of Fig. 6 illustrates the antenna device 1
which is being subjected to the connecting step S12.
Such connecting work can be carried out because the
indentation 13D is provided in the support 13.

(3) Winding step S13

[0037] The film antenna 11 which has been connected
to the coaxial cable 12 in the connecting step S12 is
wound around the support 13 in which the coaxial cable
12 has been provided in the wiring step S11. In this case,
the film antenna 11 is bent along the support 13, the
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second section J2 of the film antenna 11 is brought into
contact with the second supporting surface 12 of the sup-
port 13, the film antenna 11 is further bent along the sup-
port 13, and the first section J1 of the film antenna 11 is
brought into contact with the first supporting surface 11
of the support 13. As such, three sides (in the positive
direction of the z-axis, the negative direction of the y-axis,
and the negative direction of the z-axis) of the indentation
13D are covered with the film antenna 11 and are thus
closed. (c) of Fig. 6 illustrates the antenna device 1 which
has been subjected to the winding step S13.

(4) Injecting step S14

[0038] The antenna device 1 is arranged such that the
recessed groove 13R1 is arranged above the indentation
13D, and a fluid resin is injected into the indentation 13D
through the recessed groove 13R1. The fluid resin is in-
jected until the connection between the film antenna 11
1 and the coaxial cable 12 is embedded in the fluid resin.
(d) of Fig. 6 illustrates the antenna device 1 which is being
subjected to the injecting step S14.

(5) Curing step S15

[0039] The antenna device 1 is allowed to stand and
the fluid resin which has been injected into the indentation
13D in the injecting step S14 is cured. For example, in a
case where the fluid resin injected into the indentation
13D in the injecting step S14 is a thermoplastic resin, the
fluid resin is cooled (e.g., by natural cooling).

[0040] Notethat, byreducing aspaceinthe indentation
13D by putting stuffing (such as electrically insulating sol-
id substance) into the indentation 13D, it is possible to
reduce an amount of a resin which needs to be injected
intheinjecting step S14. This makes it possible to provide
the antenna device 1 which is lower in cost and lighter in
weight.

[Embodiment 2]
(Configuration of antenna device)

[0041] A configuration of an antenna device 2 in ac-
cordance with Embodiment 2 of the present invention is
described below with reference to Figs. 7 through 11.

[0042] As with Embodiment 1, in a case where the an-
tenna device 2 in accordance with Embodiment 2 is used
as anon-vehicle antennathatis incorporated in a spoiler,
the antenna device 2 is provided at a rear end of a roof
of a vehicle body in a state in which, in the drawings, a
positive direction of an x-axis is a rightward direction, a
negative direction of the x-axis is a leftward direction, a
positive direction of a y-axis is a forward direction, a neg-
ative direction of the y-axis is a backward direction, a
positive direction of a z-axis is an upward direction, and
anegative direction of the z-axis is a downward direction.
Note that, in the descriptions below, the positive direction
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of the x-axis, the negative direction of the x-axis, the pos-
itive direction of the y-axis, the negative direction of the
y-axis, the positive direction of the z-axis, and the nega-
tive direction of the z-axis in the drawings are sometimes
expressed as right, left, front, rear, up, and down, respec-
tively.

[0043] Fig. 7 is a view illustrating the antenna device
2 in accordance with Embodiment 2. (a) of Fig. 7 is a
perspective view illustrating an upper surface side of the
antenna device 2. (b) of Fig. 7 is a perspective view il-
lustrating a lower surface side of the antenna device 2.
[0044] As illustrated in Fig. 7, the antenna device 2
includes a film antenna 21, a coaxial cable 22, and a
support 23. Functions and structures of the film antenna
21 and the coaxial cable 22 included in the antenna de-
vice 2 are similar to those of the film antenna 11 and the
coaxial cable 12 included in the antenna device 1 in ac-
cordance with Embodiment 1. Therefore, the functions
and the structures of the film antenna 21 and the coaxial
cable 22 which are included in the antenna device 2 are
not described here.

[0045] The support 23 included in the antenna device
2 has functions to maintain a three-dimensional structure
of the film antenna 21 and to hold the coaxial cable 22,
as with the support 13 which is included in the antenna
device 1 in accordance with Embodiment 1. In Embodi-
ment 2 also, aresin molded productis used as the support
23.

[0046] Inthe antenna device 2 in accordance with Em-
bodiment 2, the film antenna 21 is wound around the
support23, as with in the antenna device 1in accordance
with Embodiment 1. Therefore, an antenna characteristic
of the antenna device 2 is highly stable. Moreover, in the
antenna device 2 in accordance with Embodiment 2, the
coaxial cable 22 is held by the support 23, as with in the
antenna device 1 in accordance with Embodiment 1.
Therefore, the antenna device 2 can achieve high dura-
bility with respect to pulling of the coaxial cable 22.

(Structure of support)

[0047] The following description will discuss a struc-
ture of the support 23 included in the antenna device 2,
with reference to Fig. 8 and Fig. 9.(a) of Fig. 8 is a per-
spective view illustrating an upper surface side of the
support 23 in which the coaxial cable 22 is provided. (b)
of Fig. 8 is a perspective view illustrating a lower surface
side of the support 23 in which the coaxial cable 22 is
provided. Fig. 9 is a view along arrows D-D of a right arm
part 23R (described later) of the support 23.

[0048] Thesupport23isaresin molded producthaving
box-shaped outer dimensions in which the indentation
23D is provided in a middle on a y-axis negative side.
The support 23 is made up of a main body part 23M, a
left arm part 23L, and a right arm part 23R. Structures of
the main body part 23M and the left arm part 23L consti-
tuting the support 23 are similar to those of the main body
part 13M and the left arm part 13L, respectively, which
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constitute the support 13 in accordance with Embodiment
1. Therefore, the structures of the main body part 23M
and the left arm part 23L constituting the support 23 are
not described here.

[0049] In the right arm part 23R, a through hole 23R1
is provided so as to penetrate the right arm part 23R in
the x-axis direction (from an outward surface of the sup-
port 23 to the indentation 23D). The coaxial cable 22
extends from a feed section of the film antenna 21, which
feed section is arranged in the indentation 23D, in the
positive direction of the x-axis while passing through the
through hole 23R1. That is, the through hole 23R 1 serves
as a path for drawing out the coaxial cable 22 from the
indentation 23D (in other words, for drawing the coaxial
cable 22 into the indentation 23D).

[0050] In a case where the support 23 is arranged in
a state in which an upper surface (third supporting sur-
face ) of the support 23 faces in the downward direction,
a part of the right arm part 23R which part is located in
a bottom surface of the through hole 23R1 constitutes a
blocking wall 23R4 which inclines such that a height on
an outer side (x-axis positive side) is greater than a height
on an inner side (x-axis negative side) (see Fig. 9). The
height of the blocking wall 23R4 (i.e., a height of an end
part on the x-axis positive side) is set to be greater than
a height of the connection between the film antenna 21
and the coaxial cable 22 (i.e., the feed section of the film
antenna 21, the tip part of the coaxial cable 22, and solder
for connecting these). The blocking wall 23R4 blocks a
resin injected into the indentation 23D during manufac-
ture of the antenna device 2.

[0051] Moreover, a projection part 23R2 which is pro-
jecting in the positive direction of the x-axis is provided
on the x-axis positive side of the right arm part 23R. In
an upper surface of the projection part 23R2, a recessed
groove 23R3 is provided which penetrates the projection
part 23R2 in the y-axis direction. The coaxial cable 22
drawn out from the through hole 23R1 in the positive
direction of the x-axis is bent so as to extend in the pos-
itive direction of the y-axis, and is fit into the recessed
groove 23R3. That s, the recessed groove 23R3 serves
as a first holding part for holding the coaxial cable 22.
[0052] Inthe support23includedinthe antenna device
2 in accordance with Embodiment 2 also, (1) the inden-
tation 23D is provided in a part in which the feed section
of the film antenna 21 wound around the support 23 is
arranged, and (2) the through hole 23R1 penetrating the
right arm part 23R in the x-axis direction is provided in
the right arm part 23R as a path for drawing, into the
indentation 23D, the tip part of the coaxial cable 22 which
tip part is to be connected to the feed section of the film
antenna 21, as with the support 13 included in the an-
tenna device 1 in accordance with Embodiment 1.
[0053] Withthe arrangement, in the manufacture of the
antenna device 2, it is possible to carry out a wiring step
of causing the support 23 to hold the coaxial cable 22
and drawing the tip part of the coaxial cable 22 into the
indentation 23D via the through hole 23R1, and then carry
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out a connecting step of connecting the tip part of the
coaxial cable 22 to the feed section of the film antenna
21 in the indentation 23D. Thus, during arrangement of
the cable, a lighter load can be applied to the connection
between the film antenna and the cable, and the connec-
tion can have greater connection reliability.

[0054] Here, as a path fordrawing out the coaxial cable
22 from the indentation 23D, the through hole 23R 1 which
is provided in the right arm part 23R so as to penetrate
the right arm part 23R in the x-axis direction is used.
Note, however, that Embodiment 2 is not limited to this.
That is, as the path for drawing out the coaxial cable 22
from the indentation 23D, itis possible to use arecessed
groove which is provided in a lower surface of the right
arm part 23R so as to penetrate the right arm part 23R
in the x-axis direction. With the configuration, itis possible
to more easily carry out the above described wiring step.

(Method for manufacturing antenna device)

[0055] The following description will discuss a method
for manufacturing the antenna device 2, with reference
to Fig. 10 and Fig. 11. Fig. 10 is a flowchart of a method
for manufacturing the antenna device 2. Fig. 11 is a per-
spective view illustrating the antenna device 2 which is
being manufactured.

[0056] The antenna device 2 can be manufactured by
carrying out steps shown in Fig. 10, that is, a wiring step
S21, a connecting step S22, a first winding step S23, an
injecting step S24, a curing step S25, and a second wind-
ing step S26. Contents of the steps are as follows.

(1) Wiring step S21

[0057] The holding parts of the support 23 are caused
to hold the coaxial cable 22, and the tip part of the coaxial
cable 22 is drawn into the indentation 23D via the through
hole 23R1. As such, the coaxial cable 22 is held by the
holding parts in a state of being bent. From this, even in
a case where the coaxial cable 22 is pulled in the steps
after the wiring step S21, the pulling force is hardly ex-
erted on the connection between the film antenna 21 and
the coaxial cable 22, and it is thus possible to reduce a
load on the connection, and accordingly connection re-
liability of the connection can be improved. (a) of Fig. 11
illustrates the antenna device 2 which has been subject-
ed to the wiring step S21.

(2) Connecting step S22

[0058] The support 23, in which the coaxial cable 22
is provided in the wiring step S21, is placed on the film
antenna 21 in a state in which the upper surface (third
supporting surface 13) of the support 23 faces in the
downward direction. In this case, the third section J3 of
the film antenna 21 is brought into contact with the upper
surface (third supporting surface 13) of the support 23,
and the feed section of the film antenna 21 is arranged
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in the indentation 23D of the support 23. Further, the tip
part of the coaxial cable 22 which has been drawn into
the indentation 23D of the support 23 is connected (by
soldering in Embodiment 2) to the feed section of the film
antenna 21. (b) of Fig. 11 illustrates the antenna device
2 which is being subjected to the connecting step S22.
Such connecting work can be carried out because the
indentation 23D is provided in the support 23.

(3) First winding step S23

[0059] A part of the film antenna 21 is wound around
the support 23. In this case, the film antenna 21 is bent
along the support 23, and the second section J2 of the
film antenna 21 is brought into contact with the second
supporting surface 12 of the support 23. From this, two
of three sides of the indentation 23D is surrounded by
the film antenna 21. (c) of Fig. 11 illustrates the antenna
device 2 which has been subjected to the first winding
step S23. At this stage, one of the three sides of the
indentation 23D (on a first supporting surface |1 side fac-
ing in the upward direction) is opened.

(4) Injecting step S24

[0060] A fluid resin is injected into the indentation 23D
from above while the antenna device 2 is arranged such
that the upper surface (third supporting surface 13) of the
support 23 faces in the downward direction. The fluid
resin is injected until the connection between the film
antenna 21 and the coaxial cable 22 is embedded in the
fluid resin. At this stage, one of the three sides (on the
first supporting surface 11 side facing in the upward di-
rection) of the indentation 23D is not covered with the
film antenna 21, and it is therefore possible to easily con-
firm visually whether or not the connection between the
film antenna 21 and the coaxial cable 22 is embedded in
the fluid resin. In this case, the through hole 23R1 is lo-
cated lateral to the indentation 23D and is communicated
with the indentation 23D. However, the fluid resin is
blocked by the blocking wall 23R4 that is provided in the
through hole 23R1, and therefore the fluid resin will not
leak from the through hole 23R 1. (d) of Fig. 11 illustrates
the antenna device 2 which is being subjected to the in-
jecting step S24.

(5) Curing step S25

[0061] The antenna device 2 is allowed to stand and
the fluid resin which has been injected into the indentation
23D in the injecting step S24 is cured. For example, in a
case where the fluid resin injected into the indentation
23D in the injecting step S24 is a thermoplastic resin, the
fluid resin is cooled (e.g., by natural cooling). Alternative-
ly, in a case where the fluid resin injected into the inden-
tation 23D in the injecting step S24 is a photocurable
resin (e.g., ultraviolet curing resin), the fluid resin is irra-
diated with light (e.g., irradiated with an ultraviolet ray).
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(6) Second winding step S26

[0062] A rest of the film antenna 21 is wound around
the support 23. In this case, the film antenna 21 is bent
along the support 23, and the first section J1 of the film
antenna21is broughtinto contact with the first supporting
surface 11 of the support 23. From this, the three sides
ofthe indentation 23D are surrounded by the film antenna
21, and the indentation 23D is closed. (e) of Fig. 11 illus-
trates the antenna device 2 which has been subjected to
the second winding step S26.

[0063] Note that, byreducing aspace inthe indentation
23D by putting stuffing (such as electrically insulating sol-
id substance) into the indentation 23D, it is possible to
reduce an amount of a resin which needs to be injected
inthe injecting step S24. This makes it possible to provide
the antenna device 2 which is lower in cost and lighter in
weight.

[Method for providing each of antenna devices in Em-
bodiments 1 and 2 inside spoiler]

[0064] The following description will discuss a method
for providing, inside a spoiler 5, the antenna device 1 in
accordance with Embodiment 1, with reference to Fig. 12.
[0065] A spoiler 5 in which the antenna device 1 is to
be incorporated has an opening 51 a which is provided
in an upper surface of a housing 51 so that the antenna
device 1 can be provided inside the housing 51 (see Fig.
12). Note that, in Fig. 12, shapes of the antenna device
1 and the spoiler 5 are schematically drawn in order to
simply illustrate the method for providing the antenna de-
vice 1 inside the spoiler 5.

[0066] The spoiler 5 in accordance with Embodiment
1 includes (i) the housing 51 having an opening provided
inthe upper surface and (ii) a lid 52 for closing the opening
51a of the housing 51 (see (a) of Fig. 12). The housing
51 has (i) a first containing space 511 which is arranged
in a part protruding from a rear end of a roof of a vehicle
body in the backward directionin a case where the spoiler
5 is mounted at the rear end of the roof and (ii) a second
containing space 512 which is arranged along the roof.
The first containing space 511 and the second containing
space 512 are communicated with each other, and the
first containing space 511 has a space for containing the
support 13. Moreover, the first containing space 511 is
provided with two supporting plates 513 and 514 for sup-
porting the support 13 of the antenna device 1.

[0067] In Embodiment 1, asillustrated in (b) of Fig. 12,
the antenna device 1 is inserted into the housing 51 via
the opening 51 a provided in the upper surface of the
housing 51, and the protrusions 13Q1 and 13Q2 provided
in the support 13 of the antenna device 1 are engaged
with respective engagement holes provided in the re-
spective supporting plates 513 and 514, so that the an-
tenna device 1 is fixed to the supporting plates 513 and
514.Then, as illustrated in (c) of Fig. 12, the opening 51a
of the housing 51 is closed with the lid 52, and thus the
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spoiler 5 in which the antenna device 1 is incorporated
is provided. In this manner, the antenna device 1 is at-
tached to the spoiler 5 in a state in which the support 13
is contained in the first containing space 511 and the film
antenna 11 wound around the support 13 partially ex-
tends in the second containing space 512. Note that the
coaxial cable 12 connected to the film antenna 11 is
drawn out to an outside of the housing 51 via a through
hole (not illustrated) provided in the housing 51.

[0068] Note that the antenna device 2 in accordance
with Embodiment 2 can be provided inside the spoiler 5
by a method identical with the method for providing the
antenna device 1 in accordance with Embodiment 1 in-
side the spoiler 5.

[Embodiment 3]
(Configuration of antenna device)

[0069] A configuration of an antenna device 3 in ac-
cordance with Embodiment 3 of the present invention is
described below with reference to Fig. 13. Fig. 13 is a
perspective view illustrating the antenna device 3.
[0070] As illustrated in Fig. 13, the antenna device 3
includes a film antenna 31, a coaxial cable 32, and a
support 33. Functions and structures of the film antenna
31 and the coaxial cable 32 included in the antenna de-
vice 3 are similar to those of the film antenna 11 and the
coaxial cable 12 included in the antenna device 1 in ac-
cordance with Embodiment 1. Therefore, the functions
and the structures of the film antenna 31 and the coaxial
cable 32 which are included in the antenna device 3 are
not described here.

[0071] The support 33 included in the antenna device
3 has functions to maintain a three-dimensional structure
of the film antenna 31 and to hold the coaxial cable 32,
as with the support 13 which is included in the antenna
device 1 in accordance with Embodiment 1. In Embodi-
ment 3 also, aresin molded productis used as the support
33.

[0072] Inthe antenna device 3 in accordance with Em-
bodiment 3, the film antenna 31 is wound around the
support 33, as with in the antenna device 1inaccordance
with Embodiment 1. Therefore, an antenna characteristic
of the antenna device 3 is highly stable. Moreover, in the
antenna device 3 in accordance with Embodiment 3, the
coaxial cable 32 is held by the support 33, as with in the
antenna device 1 in accordance with Embodiment 1.
Therefore, the antenna device 3 can achieve high dura-
bility with respect to pulling of the coaxial cable 32.

(Structure of support)

[0073] The following description will discuss a struc-
ture of the support 33 included in the antenna device 3,
with reference to Fig. 14 and Fig. 15.(a) of Fig. 14 is a
plan view illustrating the support 33 in which the coaxial
cable 32 is provided. (b) of Fig. 14 is a bottom view illus-
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trating the support 33 in which the coaxial cable 32 is
provided. (c) of Fig. 14 is a rear view illustrating the sup-
port 33 in which the coaxial cable 32 is provided. Fig. 15
is a view along arrows E-E of a right arm part 33R (de-
scribed later) of the support 33.

[0074] The support 33 included in the antenna device
3 in accordance with Embodiment 3 is a resin molded
product in which an indentation 33D is provided in a mid-
dle on a y-axis negative side. The support 33 is made up
of a main body part 33M, a left arm part 33L, a right arm
part 33R, and a supporting plate 33S. The main body
part 33M, the left arm part 33L, and the right arm part
33R correspond to the main body part 13M, the left arm
part 13L, and the right arm part 13R, respectively, which
are of the support 13 included in the antenna device 1 in
accordance with Embodiment 1. Note, however, that the
main body part 33M, the left arm part 33L, and the right
arm part 33R are modified in shapes in accordance with
a difference of a wiring path of the coaxial cable 32.
[0075] The supporting plate 33S is a plate-like member
which extends from the main body part33M in the positive
direction ofthe y-axis in a plane in which a third supporting
surface lies. As such, the supporting plate 33S is unique
to Embodiment 3 and is not provided in the support 13
included in the antenna device 1 in accordance with Em-
bodiment 1. In a case where the film antenna 31 is wound
around the support 33, a second antenna conductor 313
of the film antenna 31 is arranged along an upper surface
(i.e., the third supporting surface 13 and the supporting
plate 33S) of the support 33, and a feed section of the
film antenna 31 is arranged in the indentation 33D.
[0076] Note that the film antenna 31 is attached to the
support 33 with double-sided adhesive tapes 34 through
36. In Fig. 14, outer dimensions of each of the double-
sided adhesive tapes 34 through 36 are indicated by dot-
ted lines. As illustrated in (a) of Fig. 14, in a vicinity of a
tip part of the coaxial cable 32 which tip part is arranged
in the indentation 33D, an opening 351 is provided in the
double-sided adhesive tape 35 so that electrically con-
ductive connection between the coaxial cable 32 and the
feed section of the film antenna 31 is not disturbed.
[0077] Further, in Embodiment 3, a recessed groove
33R1 is provided in a lower surface of the right arm part
33R of the support 33 so as to hold the coaxial cable 32
which is in a state of being bent. The recessed groove
33R1 holds the coaxial cable 32 which (i) extends from
the indentation 33D in the positive direction of the x-axis
and (ii) is then bent in the positive direction of the y-axis.
That is, the recessed groove 33R1 serves as a path for
drawing the tip part of the coaxial cable 32 into the in-
dentation 33D and also as a first holding part for holding
the coaxial cable 32.

[0078] In a case where the support 23 is arranged in
astateinwhich anupper surface (i.e., the third supporting
surface 13) of the support 23 faces in the downward di-
rection, as illustrated in Fig. 15, a part of the right arm
part 33R which partis to be located in the bottom surface
of the recessed groove 33R1 constitutes an inclined part
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33R3 which is inclined such that a height on an outer
side (i.e., the x-axis positive side) becomes greater than
a height on an inner side (i.e., the x-axis negative side).
The inclined part 33R3 functions to arrange the coaxial
cable 32 so that the tip part of the coaxial cable 32 is
inclined with respect to the film antenna 31. Therefore,
it is possible to connect an inner conductor and an outer
conductor of the coaxial cable 32 respectively to two feed
points of the film antenna 31.

[0079] Moreover, a blocking wall 33R2 whose height
is greater than that of a connection between the film an-
tenna 31 and the coaxial cable 32 is provided in the re-
cessed groove 33R1 between the connection and the
main body part 33M. Therefore, in a case where the an-
tenna device 3 is manufactured by a method similar to
the manufacturing method for the antenna device 2 in
accordance with Embodiment 2, a resin which has been
injected into the indentation 33D so as to embed the con-
nection between the film antenna 31 and the coaxial ca-
ble 32 is blocked by the blocking wall 33R2 and accord-
ingly will not flow into the main body part 33M.

[0080] Further, a recessed groove 33B which pene-
trates in the x-axis direction is provided in the lower sur-
face of the main body part 33M (see (b) of Fig. 14). The
recessed groove 33B is provided with two groove walls
33B1 and 33B2 which extend in the x-axis direction and
a plurality of standing walls 33B5 through 33B7 which
are provided between the two groove walls 33B1 and
33B2 and extend in the y-axis direction. The groove wall
33B1 is provided with a notch 33B3 for drawing the co-
axial cable 32, which extends from the first holding part,
into the recessed groove 33B. The groove wall 33B2 is
provided with a notch 33B4 for drawing the coaxial cable
32, which is provided in the recessed groove 33B, out in
the positive direction of the y-axis. The three standing
walls 33B5 through 33B7 have respective slits 33B8
through 33B10 into which the coaxial cable 12 can be
pressed and set. By providing the coaxial cable 32 in the
recessed groove 33B having the three standing walls
33B5 through 33B7, it is possible to firmly hold the coaxial
cable 32. That is, the recessed groove 33B serves as a
second holding part for holding the coaxial cable 32. Note
that, instead of providing the notch 33B4 in the groove
wall 33B2 and uses the notch 33B4 as a path for drawing
the coaxial cable 32 to an outside of the recessed groove
33B, it is possible to provide a through hole in a center
of the groove wall 33B2 and use the through hole as a
path for drawing the coaxial cable 32 to an outside of the
recessed groove 33B.

[0081] Further, in a vicinity of the notch 33B4 of the
groove wall 33B2, a projection part 33B12 and an L-
shaped hook 33B13 are provided. The coaxial cable 32
which has been drawn out through the notch 33B4 to the
outside of the recessed groove 33B is drawn out in the
positive direction of the y-axis in a state of being fit be-
tween the projection part 33B12 and the L-shaped hook
33B13 so that variation in positions of the coaxial cable
32 in the z-axis direction is restricted. That is, the projec-
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tion part 33B12 and the L-shaped hook 33B13 serve as
a third holding part for holding the coaxial cable 32.
[0082] The mainbody part33M is provided with elastic
pieces 33P1 and 33P2 which extend from respective right
and left lateral surfaces in the positive direction of a y-
axis, and protrusions 33Q1 and 33Q2 are provided at
respective ends of the elastic pieces 33P1 and 33P2.
Further, in an end region of the supporting plate 33S,
expanded sections 33S1 and 33S2 which project in the
respective leftward and rightward (width) directions are
provided. The protrusions 33Q1 and 33Q2 which are pro-
vided at the respective ends of the elastic pieces 33P1
and 33P2 and the expanded sections 33S1 and 33S2 in
the end region of the supporting plate 33S are used to
fix the antenna device 3 to an installation target (e.g., a
spoiler of an automobile), as described later.

(Modified example)

[0083] Thefollowingdescription will discuss a modified
example of the antenna device 3 in accordance with Em-
bodiment 3, with reference to Fig. 16 and Fig. 17.
[0084] Fig. 16 is a view illustrating Modified Example
1 of the antenna device 3. (a) of Fig. 16 is a plan view
illustrating the support 33 included in the antenna device
3 in accordance with Modified Example 1. (b) of Fig. 16
is a bottom view illustrating the support 33. (c) of Fig. 16
is a rear view illustrating the support 33.

[0085] The antenna device 3 in accordance with Mod-
ified Example 1 is different from the above described an-
tenna device 3 in that a beam 33F1 is provided at an end
part of the support 33 on the y-axis negative side so as
to connect the right arm part 33R with the left arm part
33L. With the configuration, after the winding step of
winding the film antenna 31 around the support 33 is
carried out, it is possible to more stably maintain a shape
of the film antenna 31 which is wound around the support
33.

[0086] Fig. 17 is a view illustrating Modified Example
2 of the antenna device 3. (a) of Fig. 17 is a plan view
illustrating the support 33 of the antenna device 3 in ac-
cordance with Modified Example 2. (b) of Fig. 17 is a
bottom view illustrating the support 33. (c) of Fig. 17 is a
rear view illustrating the support 33.

[0087] The antenna device 3 in accordance with Mod-
ified Example 2 is different from the above described an-
tenna device 3 in that a configuration is employed in
which the coaxial cable 32 is drawn out from the inden-
tation 33D via a recessed groove 33R4 which is provided
onanuppersurface side oftherightarmpart 33R, instead
of the configuration in which the coaxial cable 32 is drawn
out from the indentation 33D via the recessed groove
33R1 which is provided on a lower surface side of the
right arm part 33R. At a rear end of the right arm part
33R, a through hole 33R5 penetrating the right arm part
33R in the up-and-down direction is provided, and the
coaxial cable 32 which has passed through the recessed
groove 33R4 is drawn out to the lower surface side of
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the right arm part 33R via the through hole 33R5. The
recessed groove 33R4 serves as a path for drawing out
the tip part of the coaxial cable 32 from the indentation
33D, and also as a first holding part for holding the coaxial
cable 32. With the arrangement, the coaxial cable 32
which is arranged in the recessed groove 33R4 on the
upper surface side of the right arm part 33R and in the
recessed groove 33B on the lower surface side of the
main body part 33M is thus three-dimensionally held by
the support 33, and therefore durability with respect to
pulling of the coaxial cable 32 is further improved.

[Method for providing antenna device in Embodiment 3
inside spoiler]

[0088] The following description will discuss a method
for providing, inside a spoiler 6, the antenna device 3 in
accordance with Embodiment 3, with reference to Fig. 18.
[0089] A spoiler 6 in which the antenna device 3 is to
be incorporated has an opening 61 a which is provided
in a lateral surface (i.e., a lateral surface in the forward
direction) of a housing 61 so that the antenna device 3
can be provided inside the housing 61 (see Fig. 18). Note
that, in Fig. 18, shapes of the antenna device 3 and the
spoiler 6 are schematically drawn in order to simply illus-
trate the method for providing the antenna device 3 inside
the spoiler 6.

[0090] As illustrated in (a) of Fig. 18, the spoiler 6 in
accordance with Embodiment 3 includes (i) a housing 61
which is arranged at a part protruding from a rear end of
a roof of a vehicle body in the backward direction in a
case where the spoiler 6 is mounted at the rear end of
the roof and (ii) a top board 62 which is arranged along
the roof. The housing 61 has therein a space for contain-
ing the support 33 of the antenna device 3. In the lateral
surface (i.e., a lateral surface in the forward direction) of
the housing 61, an opening 61ais provided through which
the support 33 of the antenna device 3 is to be inserted.
The top board 62 is provided with L-shaped protrusions
621 and 622 for holding the supporting plate 33S of the
antenna device 3.

[0091] In Embodiment 3, as illustrated in (b) of Fig. 18,
the antenna device 3 is arranged along the top board 62
such that the expanded sections 33S1 and 33S2 project-
ing in the respective leftward and rightward (width) direc-
tions in the end region of the supporting plate 33S of the
antenna device 3 are supported by the respective L-
shaped protrusions 621 and 622 of the top board 62 of
the spoiler 6, and then the antenna device 3 is slid along
the top board 62 such that the support 33 of the antenna
device 3 is inserted into the housing 61 of the spoiler 6
via the opening 61a. In this case, the elastic pieces 33P1
and 33P2 extending from the support 33 of the antenna
device 3is warped to the inner side so that the protrusions
33Q1 and 33Q2 at the respective ends of the elastic piec-
es 33P1 and 33P2 enter the housing 61, and the protru-
sions 33Q1 and 33Q2 are engaged with a surrounding
wall of the opening 61a. With the arrangement, the sup-
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port 33 of the antenna device 3 is fixed inside the housing
61, and it is therefore possible to prevent the antenna
device 3 from accidentally falling off from the spoiler 6.
[0092] Note that the support 33 can be taken out from
the inside of the housing 61 by warping the elastic pieces
33P1 and 33P2 to the inner side so as to disengage the
protrusions 33Q1 and 33Q2 from the surrounding wall of
the opening 61a. As such, the antenna device 3 can be
detached from the spoiler 6.

<<Conclusion>>

[0093] In order to attain the object, an antenna device
in accordance with an embodiment of the presentinven-
tion includes: a film antenna; a cable which has a tip part
connected to a feed section of the film antenna; and a
support around which the film antenna is wound, the sup-
port having (i) an indentation provided in a part in which
a connection between the cable and the film antenna is
arranged, (ii) a holding part for holding the cable, and (iii)
a path for drawing the tip part of the cable into the inden-
tation, and the film antenna being wound around the sup-
port so as to surround the indentation.

[0094] With the configuration, since the film antenna
is wound around the support, it is possible to maintain a
three-dimensional structure of an antenna conductor of
the film antenna. This makes it possible to stabilize a
characteristic of the film antenna. Further, with the con-
figuration, since the cable is held by the support, it is
possible to increase durability with respect to pulling of
the cable.

[0095] Inaddition, with the configuration, since the sup-
port has the indentation and the path, a connecting step
of connecting the tip part of the cable to the feed section
of the film antenna can be carried out after a wiring step
of causing the holding part to hold the cable and drawing
the tip part of the cable into the indentation is carried out.
Thus, during arrangement of the cable, a lighter load can
be applied to the connection between the film antenna
and the cable, and the connection can have greater con-
nection reliability.

[0096] The antenna device in accordance with an em-
bodiment of the present invention may be configured
such that the connection between the cable and the film
antenna is covered with a resin obtained by curing a fluid
resin injected into the indentation.

[0097] Withthe configuration, since the connection be-
tween the cable and the film antenna is sealed with the
resin, it is possible to prevent the connection from dete-
riorating due to, for example, moisture.

[0098] The antenna device in accordance with an em-
bodiment of the present invention may be configured
such that the path is arecessed groove that extends from
an outward surface of the support to the indentation.
[0099] With the configuration, it is possible to easily
arrange the tip part of the cable in the indentation.
[0100] The antenna device in accordance with an em-
bodiment of the present invention may be configured
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such that the path is provided with a blocking wall that
lies between (a) the cable which passes through the path
and (b) the film antenna which is wound around the sup-
port.

[0101] With the configuration, while the connection be-
tween the film antenna and the cable is being covered
with aresin by injecting the fluid resin into the indentation,
the fluid resin injected into the indentation is blocked by
the blocking wall, and thus the fluid resin supplied to the
indentation can be prevented from leaking out of the path.
[0102] Inorder to attain the object, a method in accord-
ance with an embodiment of the present invention for
manufacturing an antenna device including: a film anten-
na; a cable; and a support around which the film antenna
is wound and which has a holding part for holding the
cable, the support having (i) an indentation provided in
a part in which a connection between the cable and the
film antenna is arranged and (ii) a path for drawing the
tip part of the cable into the indentation, the method in-
cludes: a wiring step of causing the holding part to hold
the cable and drawing the tip part of the cable into the
indentation via the path; a connecting step of, after the
wiring step, connecting the tip part of the cable to the
feed section which is arranged in the indentation; and a
winding step of, after the connecting step, winding the
film antenna around the support so as to surround the
indentation.

[0103] With the method, the wiring step is carried out
before the connecting step. Thus, during arrangement of
the cable, a lighter load can be applied to the connection
between the film antenna and the cable, and the connec-
tion can have greater connection reliability.

[0104] The methodin accordance with an embodiment
of the present invention may be configured such that: the
method uses, as the support, a support whose path is a
recessed groove that extends from an outward surface
of the support to the indentation, the method further in-
cluding: an injecting step of, after the winding step, in-
jecting a fluid resin into the indentation via the path in a
state in which the path is arranged so as to be upper than
the indentation; and a step of, after the injecting step,
curing the fluid resin.

[0105] With the method, it is possible to easily carry
out the wiring step of drawing the tip part of the cable into
the indentation via the path.

[0106] The methodin accordance with an embodiment
of the present invention may be configured such that: the
method uses, as the support, a support whose path is
provided with a blocking wall that lies between (a) the
cable which passes through the path and (b) the film an-
tenna which is wound around the support; and the wind-
ing step includes: a first winding step of bending the film
antenna along the support and surrounding two of three
sides of the indentation; and a second winding step of
further bending the film antenna along the support and
surrounding all the three sides of the indentation, the first
winding step and the second winding step each being
carried out in a state in which the connection between
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the cable and the film antenna is arranged in the inden-
tation, the method further including: an injecting step of
injecting a fluid resin into the indentation; and a curing
step of curing the fluid resin, the injecting step and the
curing step each being carried out between the first wind-
ing step and the second winding step in a state in which
the connection is arranged in a lower part of the inden-
tation.

[0107] With the method, since the upper part of the
indentation is opened while the injecting step is being
carried out, it is possible to easily inject the fluid resin
into the indentation during the injecting step. In this case,
the fluid resin injected into the indentation is blocked by
the blocking wall, and thus the fluid resin does not leak
out of the path.

[0108] Further, with the method, since the upper part
of the indentation is opened while the injecting step is
being carried out, it is possible, during the injecting step,
to inject the fluid resin into the indentation while visually
confirming whether the connection between the cable
and the film antenna has been embedded in the fluid
resin. This makes it possible to easily manufacture the
antenna device in which the connection between the ca-
ble and the film antenna is resin-sealed without fail.

[Additional Remarks]

[0109] The present invention is not limited to the em-
bodiments, but can be altered by a skilled person in the
artwithinthe scope of the claims. An embodiment derived
from a proper combination of technical means each dis-
closed in a different embodiment is also encompassed
in the technical scope of the present invention.

Reference Signs List

[0110]

1,2,3 Antenna device

11, 21, 31 Film antenna

12, 22, 32 Coaxial cable

13, 23, 33 Support

13D, 23D, 33D Indentation

13R1, 33R1 Recessed groove (path)
23R1 Through hole (path)
Claims

1.  An antenna device (1,2,3) comprising:

a film antenna (11,21,31);

a cable (12,22,32) which has a tip part connect-
ed to a feed section of the film antenna
(11,21,31); and

a support (13,23,33) around which the film an-
tenna (11,21,31) is wound,

the support (13,23,33) having (i) an indentation
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(13D,23D,33D) providedin a partin which acon-
nection between the cable (12,22,32) and the
filmantenna(11,21,31) is arranged, (ii) a holding
part (13R3,13B,13T2,23R3,23B,33R1,33B) for
holding the cable (12,22,32), and (iii) a path
(13R1,23R1,33R1) for drawing the tip part of the
cable (12,22,32) into the indentation
(13D,23D,33D), and

the film antenna (11,21,31) being wound around
the support (13,23,33) so as to surround the in-
dentation (13D,23D,33D).

The antenna device (1,2,3) as set forth in claim 1,
wherein the connection between the cable
(12,22,32) and the film antenna (11,21,31) is cov-
ered with a resin (14) obtained by curing a fluid resin
injected into the indentation (13D,23D,33D).

The antenna device (1) as set forth in claim 2, where-
in the path (13R1) is a recessed groove that extends
from an outward surface of the support (13) to the
indentation (13D).

The antenna device (2,3) as set forth in claim 2,
wherein the path (23R1,33R1) is provided with a
blocking wall (23R4) that lies between (a) the cable
(22,32) which passes through the path (23R1,33R1)
and (b) the film antenna (21,31) which is wound
around the support (23,33).

An antenna device (1,2,3) manufacturing method for
manufacturing an antenna device (1,2,3) including:
a film antenna (11,21,31); a cable (12,22,32); and a
support (13,23,33) around which the film antenna
(11,21,31) is wound and which has a holding part
(13R3,13B,13T2,23R3,23B,33R1,33B) for holding
the cable (12,22,32), the support (13,23,33) having
(i) an indentation (13D,23D,33D) provided in a part
in which a connection between the cable (12,22,32)
and the film antenna (11,21,31) is arranged and (ii)
a path (13R1,23R1,33R1) for drawing the tip part of
the cable (12,22,32) into the indentation
(13D,23D,33D),

said method comprising:

a wiring step of causing the holding part
(13R3,13B,13T2,23R3,23B,33R1,33B) to hold the
cable (12,22,32) and drawing the tip part of the cable
(12,22,32) into the indentation (13D,23D,33D) via
the path (13R1,23R1,33R1);

aconnecting step of, after the wiring step, connecting
the tip part of the cable (12,22,32) to the feed section
which is arranged in the indentation (13D,23D,33D);
and

a winding step of, after the connecting step, winding
the film antenna (11,21,31) around the support
(13,23,33) so as to surround the indentation
(13D,23D,33D).
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6. The antenna device (1) manufacturing method as
set forth in claim 5, wherein:

the method uses, as the support (13), a support

(13) whose path (13R1) is a recessed groove 5
that extends from an outward surface of the sup-

port (13) to the indentation (13D),

said method further comprising:

an injecting step of, after the winding step, in-
jecting a fluid resin into the indentation (13D) via 10
the path (13R1) in a state in which the path
(13R1) is arranged so as to be upper than the
indentation (13D); and

a step of, after the injecting step, curing the fluid
resin. 15

7. The antenna device (2,3) manufacturing method as
set forth in claim 5, wherein:

the method uses, as the support (23,33), a sup- 20
port (23,33) whose path (23R1,33R1) is provid-

ed with a blocking wall (23R4) that lies between

(a) the cable (22,32) which passes through the
path (23R1,33R1) and (b) the film antenna
(21,31) which is wound around the support 25
(23,33); and

the winding step includes:

a first winding step of bending the film an-
tenna(21,31) along the support (23,33)and 30
surrounding two of three sides of the inden-
tation (23D,33D); and

a second winding step of further bending

the film antenna (21,31) along the support
(23,33) and surrounding all the three sides 35
of the indentation (23D,33D),

the first winding step and the second winding
step each being carried out in a state in which

the connection between the cable (22,32) and 40
the film antenna (21,31) is arranged in the in-
dentation (23D,33D),

said method further comprising:

an injecting step of injecting a fluidresininto 45
the indentation (23D,33D); and
a curing step of curing the fluid resin,

the injecting step and the curing step each being
carried out between the first winding step and 50
the second winding step in a state in which the
connection is arranged in a lower part of the in-
dentation (23D,33D).

55

14
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