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(54) Planar antenna device

(57) A planar antenna device includes a radiation
conductor layer and a plurality of capacitor electrodes
which are provided on an inner surface of a window glass
of a vehicle, a ground conductor layer which is provided
on one surface of a circuit board so as to face the radiation
conductor layer with an air layer interposed therebe-
tween, a bracket, formed of a metal plate, which has a

brim closely facing the capacitor electrodes and is mount-
ed on the widow glass with the circuit board housed and
held therein, and a dielectric layer which is interposed
between the capacitor electrodes and the brim. The ca-
pacitor electrodes extend outward from the edges of the
radiation conductor layer and are capacitively coupled
with the brim, thereby reducing the size of the planar
antenna device.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

�[0001] The present invention relates to a small planar
antenna device having a patch antenna structure, in par-
ticular, a planar antenna suitable for a vehicle.

2. Description of the Related Art

�[0002] In recent years, an on-�vehicle small antenna,
such as an antenna for an ETC (electronic toll collection
system) or an antenna for a GPS (global positioning sys-
tem), is increasingly demanded. As such an antenna,
there is widely used a planar antenna device of a patch
antenna structure that easily receives circularly polarized
waves used in an ETC or a GPS.
�[0003] In general, a known on-�vehicle planar antenna
device according to the related art has a dielectric sub-
strate which has a radiation conductor layer provided on
its upper surface, a circuit board which has a ground con-
ductor layer provided on its upper surface on which the
dielectric substrate is mounted and an electronic circuit
unit provided on its lower surface, and a shield case,
formed of a metal plate, which is mounted on the circuit
board so as to cover the electronic circuit unit. The radi-
ation conductor layer and the electronic circuit unit are
electrically connected to each other by a feed pin passing
through the dielectric substrate and the circuit board (for
example, see JP- �A-�2004-88444 (pages 2 and 3, and FIG.
5)). In such a planar antenna device according to the
related art, the electronic circuit unit is electrically con-
nected to an external circuit through a coaxial cable or
the like. And then, the radiation conductor layer is excited
by power supplied through the feed pin, and thus circu-
larly polarized waves or linearly polarized waves of a pre-
determined frequency band are transmitted or received.
Further, the electronic circuit unit is covered with the
shield case so as to be electromagnetically shielded.
Therefore, noise due to unexpected external electric
waves rarely has influence on the electronic circuit unit.
If a low-�noise amplifying circuit is provided in the elec-
tronic circuit unit, the planar antenna device is suited to
receive week electric waves in the GPS or the like. In
addition, the dielectric substrate is interposed between
the radiation conductor layer and the ground conductor
layer, and thus it is easy to reduce the size of the antenna
device by a wavelength shortening effect of the dielectric
substrate.
�[0004] However, in the above-�described planar anten-
na device according to the related art, in order to promote
the reduction in size, a relatively expensive dielectric sub-
strate is provided between the radiation conductor layer
and the ground conductor layer. Accordingly, it is difficult
to manufacture the antenna device at low cost due to
high component costs. In addition, when such a planar

antenna device is installed in a window glass of a vehicle,
the field of vision may be obstructed.� Therefore, the re-
duction in size is further demanded.

SUMMARY OF THE INVENTION

�[0005] The invention has been finalized in view of the
drawbacks inherent in the related art, and it is an object
of the invention to provide a planar antenna device which
can be manufactured at low cost and can be easily re-
duced in size.
�[0006] In order to achieve the above- �described ob-
jects, according to an aspect of the invention, a planar
antenna device includes a radiation conductor layer
which is provided on a glass surface of an installed ap-
paratus, capacitor electrodes which are provided on the
glass surface so as to extend outward from the edges of
the radiation conductor layer, a ground conductor layer
which faces the radiation conductor layer with an air layer
interposed therebetween, a bracket, formed of a metal
plate, which has a flat capacitor plate closely facing the
capacitor electrodes and is mounted on the glass surface
with a circuit board housed and held therein, and a die-
lectric layer which is interposed at least between the ca-
pacitor electrodes and the flat capacitor plate. The
ground conductor layer and the bracket are electrically
connected to each other, and the capacitor electrodes
and the flat capacitor plate are capacitively coupled with
each other.
�[0007] In the planar antenna device having the above-
described configuration, the radiation conductor layer is
provided on the surface (glass surface) of a window glass
of a vehicle or the like, a wavelength shortening effect of
a glass plate serving as a dielectric can be used. For this
reason, since an expensive dielectric substrate can be
removed, the component cost can be reduced, and thus
the reduction in size can be realized. Besides, by capac-
itively coupling the capacitor electrodes extending out-
ward from the edges of the radiation conductor layer with
the flat capacitor plate of the bracket serving as a ground,
a resonance frequency of the radiation conductor layer
can be reduced, which is also of advantage to the reduc-
tion in size. Therefore, the size of the planar antenna
device is easily reduced, and the field of vision is rarely
obstructed even if the planar antenna device is installed
on the window glass of the vehicle. Moreover, the capac-
itor electrodes and the radiation conductor layer can be
collectively formed on the glass surface. Further, since
the dielectric layer interposed between the capacitor
electrodes and the flat capacitor plate may be significant-
ly thinned, the cost can be prevented from being in-
creased.
�[0008] In the planar antenna device according to the
invention, the bracket may have a brim which is adhered
to the glass surface, and a part of the brim may form the
flat capacitor plate. Accordingly, the mounting work of
the bracket is easily performed by causing the brim to
closely face the glass surface. Further, by causing the
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part of the brim to face the capacitor electrodes with the
dielectric layer interposed therebetween, an exclusive-
use flat capacitor plate does not need to be provided.
�[0009] In the planar antenna device according to the
invention, the dielectric layer of a capacitively coupled
portion may be a base layer of a both-�sided adhesive
sheet, the both-�sided adhesive sheet may be interposed
between the glass surface and the brim so as to adhere
and fix the brim to the glass surface by adhesive layers
provided at both surfaces of the base layer. Accordingly,
the both- �sided adhesive sheet for mounting the bracket
on the glass surface also functions as a dielectric layer.
Therefore, the number of components can be reduced
and assembling workability can be improved. As a result,
the cost can be reduced.
�[0010] Further, in the planar antenna device according
to the invention, a plurality of dummy electrodes may be
distributed in the periphery of the radiation conductor lay-
er on the glass surface so as not to be connected to the
radiation conductor layer. In addition, a plurality of clear-
ance holes serving as solder wells may be formed at
plural places in the dielectric layer corresponding to the
dummy electrodes, and the brim may be soldered to the
dummy electrodes by solders within the clearance holes.
Accordingly, assembling strength of the bracket to the
glass surface is increased and the thin dielectric plate is
also reliably fixed while being positioned. Therefore, re-
liability can be improved. Further, the dummy electrodes,
the radiation conductor layer or the capacitor electrodes
can be collectively formed on the glass surface.
�[0011] Further, in the planar antenna device according
to the invention, lands may be formed on both surfaces
of the dielectric layer so as to face the capacitor elec-
trodes or the flat capacitor plate, and the lands may be
individually adhered to the capacitor electrodes or the
flat capacitor plate by a conductive adhesive. Therefore,
the capacitance value of the capacitively coupled portion
can be stabilized.
�[0012] Further, in the planar antenna device according
to the invention, the circuit board may have the ground
conductor layer disposed provided on one surface so as
to face the radiation conductor layer and an electronic
circuit unit provided on the other surface, and the circuit
board may be held in the bracket. According to this con-
figuration, it is possible to use a reliable feed structure
which connects a feed point of the radiation conductor
layer and the electronic circuit unit of the circuit board to
each other by a feed pin. In this case, if the electronic
circuit unit includes a low-�noise amplifying circuit, the low-
noise amplifying circuit is electromagnetically shielded
by the bracket formed of a metal plate. Therefore, the
planar antenna device is suited to receive week electrical
waves of a GPS or the like.
�[0013] Further, in the planar antenna device according
to the invention, the glass surface may be an inner sur-
face of a window glass of a vehicle. According to this
configuration, the planar antenna device can be installed
within the vehicle, and thus there is no case in which the

field of vision is obstructed.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0014]

FIG. 1 is a cross- �sectional view of a planar antenna
device according to a first embodiment of the inven-
tion;
FIG. 2 is a cross-�sectional view showing the main
parts of a capacitively coupled portion of the first em-
bodiment;
FIG. 3 is an exploded perspective view of the anten-
na device shown in FIG. 1;
FIG. 4 is a front view of the antenna device shown
in FIG. 1;
FIG. 5 is a front view of a planar antenna device
according to a second embodiment of the invention;
FIG. 6 is a perspective view of a dielectric layer used
in the second embodiment;
FIG. 7 is a cross-�sectional view showing the main
parts of a soldered portion in the second embodi-
ment;
FIG. 8 is a cross-�sectional view showing the main
parts of a capacitively coupled portion in a planar
antenna device according to a third embodiment of
the invention; and
FIG. 9 is a perspective view of a dielectric layer used
in the third embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENT

�[0015] Preferred embodiments of the invention will
now be described with reference to the drawings. FIG. 1
is a cross- �sectional view of a planar antenna device ac-
cording to a first embodiment of the invention. FIG. 2 is
a cross-�sectional view showing main parts of a capaci-
tively coupled portion of the antenna device. FIG. 3 is an
exploded perspective view of the antenna device. FIG.
4 is a front view of the antenna device. In FIG. 4, a glass
plate is not shown.
�[0016] The planar antenna device shown in the draw-
ings is, for example, a circularly polarized antenna for a
vehicle suitable as an antenna for a GPS, and is installed
on a window glass (glass plate), such as a front glass of
a vehicle. The planar antenna device primarily includes
a radiation conductor layer 2 and four capacitor elec-
trodes 3 which are printed on an inner surface 1a of a
window glass 1 of a vehicle, a circuit board 4 which is
disposed at a position facing the radiation conductor layer
2 at a predetermined gap, and a metal bracket 5, formed
of a metal plate, which has a boxlike body 5a for housing
and holding the circuit board 4 and is attached to the
surface 1a of the window glass 1 by a both-�sided adhe-
sive sheet 9. One end of a feed pin 6 is soldered to a
feed point of the radiation conductor layer 2. Further, a
ground conductor layer 7 formed of copper foil is provided
on a surface facing the radiation conductor layer 2 of both
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surfaces of the circuit board 4, and an electronic circuit
unit 8 including a low-�noise amplifying circuit is provided
on the other surface.
�[0017] As shown in FIG. 4, the radiation conductor lay-
er 2 is formed to substantially have a rectangular shape
with two of four corners notched, and the pair of notched
portions form degeneracy splitting elements 2a. A phase
difference of 90° is generated between electric field
modes in diagonal directions perpendicular to each other,
whereby circularly polarized waves can be radiated by
one point power feed. The capacitor electrodes 3 are
land-�shaped conductive regions extending outward the
middles of four sides of the radiation conductor layer 2.
The capacitor electrodes 3 and the radiation conductor
layer 2 are collectively printed with silver paste or the like
on the surface 1a of the window glass. In addition, the
other end of the feed pin 6 passes through the circuit
board 4 to be then soldered to the electronic circuit unit 8.
�[0018] The ground conductor layer 7 is substantially
provided on the entire surface of the circuit board 4 and
faces the radiation conductor layer 2 with an air layer
interposed therebetween. The ground conductor layer 7
has a diameter slightly larger than that of the radiation
conductor layer 2 and has a relief portion 7a (see FIG.
3) at a position corresponding to the feed pin 6, whereby
the ground conductor layer 7 does not come into contact
with the feed pin 6. Further, the electronic circuit unit 8
provided on the other surface of the circuit board 4 is
connected to an external circuit, such as a receiving cir-
cuit or the like, through an inner conductor of a coaxial
cable (not shown) and includes a low-�noise amplifying
circuit with various electronic components mounted ther-
eon. Therefore, the planar antenna device is suited to
receive week electric waves from a GPS or the like.
�[0019] The bracket 5 is formed by pressing a metal
plate so as to have a shape with a brim 5b provided in
the boxlike body 5a having a bottom, and the circuit board
4 is held in the boxlike body 5a. The brim 5b is provided
in the periphery of an opening end of the boxlike body
5a so as to surround the radiation conductor layer 2, as
shown in FIGS. 1 and 4. The brim 5b is adhered and fixed
to the surface 1a of the widow glass 1 by a both-�sided
adhesive sheet 9. As shown in the expanded view of FIG.
2, the both- �sided adhesive sheet 9 is made by coating
adhesive layers on both surfaces of a thin base layer
(dielectric layer) 9a formed of a dielectric. As a material
for the adhesive layers, an UV cure adhesive or a ther-
mosetting adhesive is suitably used. The brim 5b of the
bracket 5 fixed to the window glass 1 by the both- �sided
adhesive sheet 9 closely faces the capacitor electrodes
3, and the thin base layer 9a formed of a dielectric is
interposed between the brim 5b and the capacitor elec-
trodes 3. Further, the bracket 5 is connected to the ground
conductor layer 7, and the bracket 5 and the ground con-
ductor layer 7 are connected to a ground through an outer
conductor of the coaxial cable (not shown). Therefore,
at the time of power feed, additional capacitance is gen-
erated between the capacitor electrodes 3 extending out-

ward from the radiation conductor layer 2 and the brim
5b of the bracket 5. Moreover, the electronic circuit unit
8 including the low-�noise amplifier circuit is covered with
the bracket 5 so as to be electromagnetically shielded.
Therefore, noise due to unexpected external electric
waves rarely has influence on the electronic circuit unit 8.
�[0020] As such, in the planar antenna device according
to this embodiment, since the radiation conductor layer
2 is provided on the surface 1a of the window glass 1 of
the vehicle, the reduction in size can be realized by using
a wavelength shortening effect of the glass plate (window
glass 1). Further, the capacitor electrodes 3 extending
outward from the edges of the radiation conductor layer
2 are capacitively coupled with the brim 5b of the bracket
5 serving as a ground. Therefore, a resonance frequency
of the radiation conductor layer 2 can be reduced, which
is also of advantage to the reduction in size. Further, the
base layer 9a of the both- �sided adhesive sheet 9 is used
as a dielectric layer interposed in the capacitively coupled
portion. Therefore, the number of components can be
reduced and favorable assembling workability can be ob-
tained. As a result, the planar antenna device can remove
an expensive dielectric substrate and suppress the com-
ponent cost, and can be easily reduced in size. Further,
even when the antenna device is installed on the window
glass 1 of the vehicle, there is no case in which the field
of vision is obstructed. Moreover, since the planar anten-
na device is used while being mounted on the window
glass 1, there is little spatial restriction for installation in
the vehicle. In addition, there is no case in which the field
of vision is obstructed, as compared with a case in which
the device is provided on a dashboard or the like.
�[0021] FIG. 5 is a front view of a planar antenna device
according to a second embodiment of the invention. FIG.
6 is a perspective view of a dialectic layer used in the
antenna device. FIG. 7 is a cross-�sectional view showing
the main parts of a soldered portion of the antenna deice.
In FIG. 5, a glass plate is not shown. Further, in FIGS. 5
to 7, the same parts as those in FIGS. 1 to 4 are repre-
sented by the same reference numerals, and the descrip-
tions thereof will be omitted.
�[0022] The planar antenna device shown in FIG. 5 us-
es a thin dielectric plate (dielectric layer) 10, which is
formed to have a rectangular shape so as to cover the
radiation conductor layer 2 and the capacitor electrodes
3 and faces the brim 5b of the bracket 5 at the outer edge.
Dummy electrodes 11 are provided at four places on the
surface 1a of the window glass 1 outside the four corners
of the radiation conductor layer 2 so as not to be con-
nected to the radiation conductor layer 2. The thin die-
lectric plate 10 is formed of a dielectric material having
high heat resistance, and clearance holes 10a serving
as solder wells are formed at the positions of the thin
dielectric plate corresponding to the dummy electrodes
11 at four corner of the outer edge. Further, clearance
holes 5c (see FIG. 7) serving as solder wells are formed
at four corners of the brim 5b of the bracket 5 correspond-
ing to the clearance holes 10a. At the time of assembling,
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the thin dielectric plate 10 and the bracket 5 are laminated
on the surface 1a of the window glass 1, and the clear-
ance holes 10a and 5c are aligned with the dummy elec-
trodes 11. In this state, solders 12 are filled in the clear-
ance holes 10a and 5c. In such a manner, the brim 5b
of the bracket 5 is soldered to the dummy electrodes 11,
whereby assembling strength of the bracket 5 to the win-
dow glass 1 is increased. Further, the thin dielectric plate
10 interposed between the brim 5b and the window glass
1 is also reliably positioned and fixed. Therefore, it is
possible to increase mechanical strength of the planar
antenna device which can be reduced in size and can be
manufactured at low cost. Further, the dummy electrodes
11 and the radiation conductor layer 2 or the capacitor
electrodes 3 can be collectively formed on the surface
1a of the window glass 1.
�[0023] FIG. 8 is a cross- �sectional view showing the
main parts of a capacitively coupled portion of a planar
antenna device according to a third embodiment of the
invention. FIG. 9 is a perspective view of a dielectric layer
used in the antenna device. In FIGS. 8 and 9, the same
parts as those in FIGS. 2 and 6 are represented by the
same reference numerals, and the descriptions thereof
will be omitted.
�[0024] The planar antenna device shown in FIG. 8 us-
es a thin frame-�shaped dielectric plate (dielectric layer)
13 having the almost same shape as the brim 5b of the
bracket 5. The thin dielectric plate 13 is interposed be-
tween the brim 5b and the surface 1a of the window glass
1. Though not shown in FIG. 8, dummy electrodes are
provided at four places on the surface 1a of the window
glass 1 outside four corners of the radiation conductor
layer 2 so as not to be connected to the radiation con-
ductor layer 2 in the same manner as the second em-
bodiment. On a surface of the thin dielectric plate 13 close
to the window glass 1, there are provided lands 13a which
are formed at positions corresponding to the capacitor
electrodes 3 or the dummy electrodes. Further, on a sur-
face of the thin dielectric plate 13 close to the brim 5b,
lands 13b are provided to correspond to the lands 13a.
The lands 13a are correspondingly adhered to the ca-
pacitor electrodes 3 or the dummy electrodes by a con-
ductive adhesive 14, and the land 13b are also adhered
to the brim 5b by the conductive adhesive 14. Specifically,
in the capacitively coupled portion of the planar antenna
device, the capacitor electrodes 3 and the lands 13a are
electrically and mechanically connected to each other
and the brim 5b and the lands 13b are electrically and
mechanically connected to each other. Therefore, the
capacitance value of the capacitively coupled portion is
stable, thereby easily obtaining desired antenna charac-
teristics. Moreover, the dummy electrodes and the ca-
pacitor electrodes 3 can be collectively formed, and an
adhesion work by the conductive adhesive 14 can be
performed at the same time. Therefore, when the dummy
electrodes are provided, the mechanical strength of the
planar antenna device can be improved, without increas-
ing the number of manufacturing steps.

�[0025] In addition, in the above-�described embodi-
ments, a circularly polarized antenna for a vehicle appro-
priate as an antenna for a GPS has been illustrated. Al-
ternatively, in case of an antenna for an ETC, the thick-
ness of a bracket can be reduced by removing a low-
noise amplifying circuit. Further, the invention is not lim-
ited to the circularly polarized antenna but can be applied
to a linearly polarized antenna.
�[0026] In the planar antenna device according to the
invention, by providing the radiation conductor layer on
the surface of the window glass of the vehicle, an exclu-
sive-�use dielectric substrate can be removed. Further,
the resonance frequency of the radiation conductor layer
can be lowered by capacitively coupling the capacitor
electrodes extending outward from the edges of the ra-
diation conductor layer with the flat capacitor plate of the
bracket serving as the ground. Therefore, the reduction
in size can be easily realized, and the component cost
can be reduced. Further, since the planar antenna device
can be used while being mounted on the glass surface
of the window glass or the like, there is little spatial re-
striction for installation in the vehicle, and there is no case
in which the field of vision is obstructed.

Claims

1. A planar antenna device comprising:�

a radiation conductor layer (2) which is provided
on a glass surface (1a) of an installed apparatus;
capacitor electrodes (3) which are provided on
the glass surface (1a) so as to extend outward
from the edges of the radiation conductor layer
(2);
a ground conductor layer (7) which faces the
radiation conductor layer (2) with an air layer
interposed therebetween;
a bracket (5), formed of a metal plate, which has
a flat capacitor plate (5b) closely facing the ca-
pacitor electrodes (3) and is mounted on the
glass surface (1a) with a circuit board (4) housed
and held therein; and
a dielectric layer (9a) which is interposed be-
tween the capacitor electrodes (3) and the flat
capacitor plate (5b),

wherein the ground conductor layer (7) and the
bracket (5) are electrically connected to each other,
and the capacitor electrodes (3) and the flat capacitor
plate (5b) are capacitively coupled with each other.

2. The planar antenna device according to claim 1,
wherein the bracket (5) has a brim (5b) adhered to
the glass surface (1a), and a part of the brim (5b)
forms the flat capacitor plate (5b).

3. The planar antenna device according to claim 2,
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wherein the dielectric layer (9a) is a base layer (9a)
of a both-�sided adhesive sheet (9), the both-�sided
adhesive sheet (9) is interposed between the glass
surface (1a) and the brim (5b), and the brim (5b) is
adhered and fixed to the glass surface (1a) by ad-
hesive layers (9b) provided on both surfaces of the
base layer (9a).

4. The planar antenna device according to claim 2,
wherein a plurality of dummy electrodes (11) are dis-
tributed in the periphery of the radiation conductor
layer (2) on the glass surface (1a) so as not to be
connected to the radiation conductor layer (2), a plu-
rality of clearance holes (10a) serving as solder wells
are formed at plural places in the dielectric layer (9a)
corresponding to the dummy electrodes (11), and
the brim (5b) is soldered to the dummy electrodes
(11) by solders within the clearance holes (10a).

5. The planar antenna device according to claim 1,
wherein lands (13a, 13b) are provided on both sur-
faces of the dielectric layer (9a) so as to face the
capacitor electrodes (3) or the flat capacitor plate
(5b), and the lands (13a, 13b) are adhered to the
capacitor electrodes (3) or the flat capacitor plate
(5b) by a conductive adhesive (14).

6. The planar antenna device according to claim 1,
wherein the circuit board (4) has the ground conduc-
tor layer (7) provided on one surface and an elec-
tronic circuit unit (8) provided on the other surface,
and the circuit board (4) is housed in the bracket (5).

7. The planar antenna device according to claim 6,
wherein the electronic circuit unit (8) includes a low-
noise amplifying circuit.

8. The planar antenna device according to claim 1,
wherein the glass surface (1a) is an inner surface 1a
of a window glass 1 of a vehicle.
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