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(54) Antenna device

(57)  An antenna device includes a main antenna
body having a patch antenna element; a feeder cable
connected to and extending outward from the main an-
tenna body; and a sheet-metal bracket which supports
the main antenna body and is mounted to an installation
base material, such as a dashboard. For example, the
bracket has a shape of a rectangle. In order to increase
the radiation gain at a low elevation angle in the cable-

extending direction, the widthwise direction of the bracket
is substantially aligned with the cable-extending direc-
tion. On the other hand, in order to reduce the radiation
towards a back surface of the antenna device in a specific
direction, the lengthwise direction of the bracket is sub-
stantially aligned with the cable-extending direction so
that the lengthwise direction is aligned with this specific
direction.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a small-size
antenna device that is mountable by means of a sheet-
metal bracket and is suitable as, for example, a GPS
(Global Positioning System) antenna.

2. Description of the Related Art

[0002] In recent years, vehicles equipped with small-
size antenna devices, such as GPS antennas, installed
on dashboards have been increasing. In an antenna de-
vice of this type, a main antenna body having a patch
antenna element, a feeder circuit, and the like is connect-
ed to a feeder cable, such as a coaxial cable. Via the
feeder cable, the main antenna body is electrically con-
nected to an external device, such as a receiver. Japa-
nese Unexamined Patent Application Publication No.
2004-228802 (pp. 4 to 8, Fig. 6) discloses an example
of an antenna device of this type. Generally, the feeder
cable connected to the main antenna body extends to-
ward a windshield and then downward. Moreover, in most
cases, a magnetis used to magnetically support the main
antenna body above a sheet-metal bracket fixed on an
installation base material, such as a dashboard. Because
the bracket also functions as a ground plate, the bracket
contributes to higher radiation gain. In view of the fact
that the main antenna body is set in the midsection of
the bracket, the bracket is generally given a square shape
to prevent the directional characteristics of a radiation
pattern from being affected.

[0003] Although a square-shaped bracket is generally
used for supporting the main antenna body as mentioned
above, after a thorough examination on the radiation pat-
tern of an antenna device of this type conducted by the
inventors of the present invention, it was found that the
feeder cable connected to the main antenna body and
extending outward from the bracket acts as if a ground
plate is extending from the bracket, thus having an effect
on the radiation pattern. This led to problems in, for ex-
ample, GPS antennas where sufficient radiation gain at
a low elevation angle cannot be attained in the traveling
direction of the vehicle, which is the same as the extend-
ing direction of the feeder cable.

[0004] Moreover, in a case where an antenna device
is installed on a dashboard having various types of elec-
tronic devices stored in a space therebelow, the radiation
towards the back surface of the antenna device may act
as a noise source against the neighboring electronic de-
vices. However, this point was not particularly taken into
consideration in the
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prior art.
SUMMARY OF THE INVENTION

[0005] Accordingly, a first object of the present inven-
tion is to provide an antenna device that can attain high
radiation gain at a low elevation angle in a cable-extend-
ing direction. Furthermore, a second object of the present
invention is to provide an antenna device in which the
radiation towards the back surface of the antenna device
is prevented from acting as a noise source against neigh-
boring electronic devices.

[0006] In order to achieve the first object, the present
invention provides an antenna device including a main
antenna body having a patch antenna element; a feeder
cable connected to and extending outward from the main
antenna body; and a sheet-metal bracket which supports
the main antenna body and is mounted to an installation
base material, such as a dashboard. The bracket has a
shape having a long axis and a short axis, such as a
rectangular shape, the two axes being perpendicular to
each other and both extending through a center of the
bracket. A direction in which the short axis of the bracket
extends is substantially aligned with a direction in which
the feeder cable extends.

[0007] Inthe antenna device having this configuration,
in view that the feeder cable connected to the main an-
tenna body and extending in one direction may affect the
radiation pattern, the length of the bracket in the cable-
extending direction is made shorter than the length of the
bracket in a direction perpendicular to the cable-extend-
ing direction. This allows for a less effect of the ground
on a radiation conductor included in the patch antenna
elementin the cable-extending direction, thereby achiev-
ing higher radiation gain at a low elevation angle in that
direction.

[0008] In order to achieve the second object, the
present invention provides an antenna device including
a main antenna body having a patch antenna element;
a feeder cable connected to and extending outward from
the main antenna body; and a sheet-metal bracket which
supports the main antenna body and is mounted to an
installation base material, such as a dashboard. The
bracket has a shape having a long axis and a short axis,
such as a rectangular shape, the two axes being perpen-
dicular to each other and both extending through a center
of the bracket. A direction in which the long axis of the
bracket extends is substantially aligned with a direction
in which the feeder cable extends.

[0009] Inthe antenna device having this configuration,
since the extending direction of the feeder cable connect-
ed to the main antenna body is substantially aligned with
the long-axis direction of the bracket, the effect of the
ground on a radiation conductor included in the patch
antenna element increases in this specific direction,
thereby reducing the radiation towards the back surface
of the antenna device. Consequently, in a case where
an electronic device that is susceptible to antenna noise
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is disposed near the antenna device, a possibility that
the radiation towards the back surface of the antenna
device becomes a noise source against the electronic
device can be significantly lowered by aligning the long-
axis direction of the bracket with a direction extending
towards the electronic device as viewed from the antenna
device.

[0010] Furthermore, in one of the above configura-
tions, the bracket is preferably provided with a louvered
segment for positioning the main antenna body. This al-
lows for an easy and proper setting process for aligning
the extending direction of the feeder cable connected to
the main antenna body with the short-axis or long-axis
direction of the bracket, and also reduces the risk of po-
sitional displacement of the main antenna body after it
has been installed on the bracket.

[0011] According to the antenna device of one aspect
of the present invention, the bracket for supporting the
main antenna body is not square-shaped, and moreover,
the short-axis direction of the bracket is substantially
aligned with the extending direction of the feeder cable
connected to the main antenna body. Consequently, this
allows for a less effect of the ground on a radiation con-
ductor in the cable-extending direction, thereby achiev-
ing higher radiation gain at a low elevation angle in that
direction.

[0012] Furthermore, according to the antenna device
of another aspect of the present invention, the bracket
for supporting the main antenna body is not square-
shaped, and moreover, the long-axis direction of the
bracket is substantially aligned with the extending direc-
tion of the feeder cable connected to the main antenna
body. Consequently, the effect of the ground on a radi-
ation conductor increases in this specific direction, there-
by reducing the radiation towards the back surface of the
antenna device. Therefore, in a case where an electronic
device that is susceptible to antenna noise is disposed
near the antenna device, a possibility that the radiation
towards the back surface of the antenna device becomes
a noise source against the electronic device can be sig-
nificantly lowered by aligning the long-axis direction of
the bracket with a direction extending towards the elec-
tronic device as viewed from the antenna device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

Fig. 1 is a perspective view of an antenna device
according to a first embodiment of the present inven-
tion;

Fig. 2 is a characteristic diagram showing radiation
gain of the antenna device at a low elevation angle;
Fig. 3 is a schematic diagram showing a radiation
pattern in a vertical plane taken in a widthwise direc-
tion of a bracket included in the antenna device;
Fig. 4 is a perspective view of an antenna device
according to a second embodiment of the present
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invention; and

Fig. 5 is a schematic diagram showing a radiation
pattern in a vertical plane taken in a lengthwise di-
rection of a bracket included in the antenna device.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0014] Embodiments of the present invention will now
be described with reference to the drawings. Fig. 1 is a
perspective view of an antenna device according to a
firstembodiment of the present invention. Fig. 2 is a char-
acteristic diagram showing radiation gain of the antenna
device at a low elevation angle. Fig. 3 is a schematic
diagram showing a radiation pattern in a vertical plane
taken in a widthwise direction of a bracket included in the
antenna device.

[0015] Referring to Fig. 1, an antenna device 1 is a
GPS antenna installed on a dashboard (installation base
material) provided inside a vehicle. The antenna device
1 mainly includes a main antenna body 2 having a sheet-
metal radiation conductor plate 5 supported above a cir-
cuit board 4 within a radar dome 3 (only a bottom plate
thereof is shown); a feeder cable 6 connected to the cir-
cuit board 4 of the main antenna body 2 and extending
outward therefrom; and a sheet-metal bracket 7 which is
mounted on the dashboard (not shown) and supports the
main antenna body 2.

[0016] The circuit board 4 in the main antenna body 2
has its entire top surface substantially covered with a
ground conductor layer 8. On the other hand, the bottom
surface ofthe circuitboard 4 has an electronic component
(notshown) mounted thereon, which defines an electron-
ic circuit portion, such as a feeder circuit. The electronic
circuit portion is covered with a sheet-metal shield cover
9 for electromagnetically shielding the electronic circuit
portion. The radiation conductor plate 5 has a substan-
tially square-shape with cutouts at the four corners there-
of. The four corners are provided with mounting leg seg-
ments 10 that are formed by bending. The mounting leg
segments 10 are soldered to lands provided on the bot-
tom surface of the circuit board 4, such that the radiation
conductor plate 5 is stably supported facing the ground
conductor layer 8 while being separated therefrom by a
predetermined distance. Moreover, the radiation conduc-
tor plate 5 is also provided with two feeder leg segments
11 that are formed by bending. The feeder leg segments
11 are connected to the feeder circuit provided on the
bottom surface of the circuit board 4 so that the antenna
device 1 functions as a two-point-feeding-type circularly
polarized antenna. In other words, the radiation conduc-
tor plate 5, the mounting leg segments 10, and the feeder
leg segments 11, which are formed by processing a sin-
gle metal plate, and the ground conductor layer 8 on the
circuit board 4 constitute a patch antenna element for
circular polarization.

[0017] The feeder cable 6 is a common coaxial cable,
and has an inner conductor that is electrically connected
to the pair of feeder leg segments 11 via the feeder circuit
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and an outer conductor that is electrically connected to
the ground conductor layer 8 and the shield cover 9. The
feeder cable 6 extends linearly from the main antenna
body 2 towards a windshield (not shown), that is, in the
traveling direction of the vehicle, and then downward so
as to be connected to, for example, a receiver.

[0018] The bracket 7 has a shape of a rectangle and
has the main antenna body 2 disposed in the midsection
of the rectangle. Thus, the opposite ends of the bracket
7 in the lengthwise direction (i.e. long-axis direction)
thereof are projected outward from the main antenna
body 2 by a large amount. These projected sections are
provided with louvered segments 7a for positioning and
securing the main antenna body 2. Because the width-
wise direction (short-axis direction) of the bracket 7 is
substantially aligned with the extending direction of the
feeder cable 6 connected to the main antenna body 2,
the feeder cable 6 protrudes from the bracket 7 immedi-
ately after extending outward from the main antenna
body 2.

[0019] In the antenna device 1 having the above-de-
scribed configuration, since the widthwise direction of the
rectangular bracket 7 is substantially aligned with the ex-
tending direction of the feeder cable 6 connected to the
main antenna body 2 (i.e. the traveling direction of the
vehicle), the effect of the ground on the radiation con-
ductor plate 5 of the patch antenna element can be re-
duced in the cable-extending direction. In other words,
since the feeder cable 6 protruding from the bracket 7
acts as if a ground plate is extending therefrom, if the
bracket 7 is supposedly square-shaped, for example, the
effect of the ground will increase in the extending direc-
tion of the feeder cable 6. This will undesirably lead to
less radiation gain at a low elevation angle towards the
front of the vehicle. In contrast, according to the first em-
bodiment of the present invention, the bracket 7 is given
a rectangular shape and the widthwise direction thereof
is aligned with the extending direction of the feeder cable
6. This allows for a less effect of the ground in the width-
wise direction so that the radiation gain at a low elevation
angle is increased, as shown in Fig. 3. Accordingly, re-
ferring to Fig. 2, sufficient radiation gain at a low elevation
angle (i.e. an elevation angle of 10°) can be attained to-
wards the front of the vehicle (i.e. an azimuth near 0°).
This enhances the effective sensitivity of the antenna de-
vice 1 for GPS signals.

[0020] Furthermore, in the antenna device 1, the
bracket 7 is provided with the louvered segments 7a for
positioning and securing the main antenna body 2. This
allows for an easy and proper setting process for aligning
the extending direction of the feeder cable 6 connected
to the main antenna body 2 with the widthwise direction
of the bracket 7, and also reduces the risk of positional
displacement of the main antenna body 2 after it has
been installed on the bracket 7.

[0021] Fig.4is aperspective view of an antenna device
according to a second embodiment of the present inven-
tion. Fig. 5 is a schematic diagram showing a radiation
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pattern in a vertical plane taken in a lengthwise direction
of a bracketincluded in the antenna device. Components
shown in these drawings that correspond to those shown
in Fig. 1 are given the same reference numerals as in
Fig. 1, and the descriptions of these components will not
be repeated.

[0022] Referringto Fig. 4, an antenna device 20 is sim-
ilar to that of the first embodiment in that it is installed on
a dashboard provided inside a vehicle, but differs greatly
from that of the first embodiment in that the lengthwise
direction of the rectangular bracket 7, instead of the
widthwise direction thereof, is substantially aligned with
the cable-extending direction. In other words, the anten-
na device 20 is configured in view that an electronic de-
vice (not shown) that is susceptible to antenna noise is
disposed within a close range of the back surface of the
antenna device 20 (namely, a space below the dash-
board), the back surface being in a direction opposite to
the extending direction of the feeder cable 6 connected
to the main antenna body 2. Thus, the antenna device
20 is given a configuration such that the radiation towards
the back surface of the antenna device 20 is prevented
from acting as a noise source against the electronic de-
vice. Specifically, the lengthwise direction (i.e. the long-
axis direction) of the bracket 7 is substantially aligned
with the extending direction of the feeder cable 6 con-
nected to the main antenna body 2 so that the radiation
towards the back surface of the antenna device 20 is
reduced in the lengthwise direction of the bracket 7, as
shown in Fig. 5. Accordingly, this avoids adverse effects
of antenna noise on the electronic device.

[0023] Asanalternative to having arectangular shape,
the bracket 7 may have a polygonal or elliptical shape
having a long axis and a short axis. Furthermore, al-
though the above embodiments are directed to a case
where a circular-polarization antenna element having a
sheet-metal patch antenna structure is used, the present
invention is also applicable to a case where the antenna
elementhas adielectric patch antenna structure or a case
where the antenna element is for linear polarization.

Claims
1. An antenna device comprising:

a main antenna body having a patch antenna
element;

a feeder cable connected to and extending out-
ward from the main antenna body; and

a sheet-metal bracket which supports the main
antenna body and is mounted to an installation
base material,

wherein the bracket has a shape having a long
axis and a short axis, the two axes being per-
pendicular to each other and both extending
through a center of the bracket, and
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wherein a direction in which the short axis of the
bracket extends is substantially aligned with a direc-
tion in which the feeder cable extends.

An antenna device comprising: 5

a main antenna body having a patch antenna
element;

a feeder cable connected to and extending out-
ward from the main antenna body; and 10
a sheet-metal bracket which supports the main
antenna body and is mounted to an installation
base material,

wherein the bracket has a shape having a long

axis and a short axis, the two axes being per- 15
pendicular to each other and both extending
through a center of the bracket, and

wherein a direction in which the long axis of the
bracket extends is substantially aligned with a direc- 20
tion in which the feeder cable extends.

The antenna device according to one of Claims 1

and 2, wherein the bracket is provided with a lou-
vered segment for positioning the main antenna 25
body.

The antenna device according to any one of Claims

1 to 3, wherein the shape of the bracket comprises
a rectangular shape. 30
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