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(54) ANTENNA

(67)  Anon-film type antenna is small, inconspicuous
when mounted on a vehicle, and includes a broad-band
characteristic for covering a frequency range of a terres-
trial digital broadcasting. The antenna includes a first el-
ement, a second element and a bottom plate part. The
first element includes a first feeding end part, a first par-
allel transmission line part and a feeder part. The second
element includes a second feeding end part, a second
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parallel transmission line part and a folded shape part.
The second feeding end part is electrically connected to
the bottom plate part set to the ground potential. By ar-
ranging the first and the second parallel transmission line
parts in parallel with each other and by arranging the
folded shape part close to the bottom plate part, the
broad-band characteristic can be achieved. By forming
a meander shape or a helical shape at the folded shape
part, the entire size of the antenna can be small.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a small broad-
band antenna.

BACKGROUND TECHNIQUE

[0002] At present, as an antenna for receiving terres-
trial digital broadcasting on a vehicle, a so-called film
antenna is generally used. An example of the film anten-
na is disclosed in Patent Reference-1.

PRIOR ART REFERENCE
PATENT REFERENCE

[0003] Patent Reference-1: Japanese Patent Applica-
tion Laid-open under No. 2008-153738

SUMMARY OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0004] However, it is quite difficult to change the film
antenna once it is stuck. As a result, it is not possible to
precisely adjust an attached position of the antenna when
the attached position needs to be adjusted in view of
receiving situation or visibility. The user or the worker of
the car goods shop needs excessive caution in the stick-
ing work, and it takes long working time. Thus, the film
antenna is not easy for the user or the attaching worker
to handle.

[0005] In addition, itis allowed to attach the film anten-
na on a front glass of a vehicle over the area where the
driver can easily see it. Even though the antenna element
is shaped very thin (approximately 0.5 to 1mm width),
there are many users who feel it somewhat obstructive
during the driving.

[0006] Further, the film antenna once peeled off is
hardly reused and is therefore scrapped. In view of the
protection of the environment, it is not preferable nature
that it must be scrapped if sticking it is failed.

[0007] The above is one example of the problems to
be solved by the invention. It is an object of the present
invention to provide a non-film type antenna which is
small enough not to attract attention of a driver when
mounted on a vehicle and which has a broad-band char-
acteristic covering the frequency range of the terrestrial
digital broadcasting.

MEANS FOR SOLVING THE PROBLEM

[0008] Theinventionaccordingtoclaim 1isanantenna
comprising: a first element including: a first feeding end-
part, a first parallel transmission line part arranged to
extend from the first feeding end part along a main axis
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direction of the antenna, and a feeder part extending from
an end part of the first parallel transmission line part,
opposite to the first feeding end part, to a direction op-
posite to the first feeding end part; a second element
including: a second feeding end part, a second parallel
transmission line part arranged to extend from the sec-
ond feeding end partin parallel with the first parallel trans-
mission line part, and a folded shape part folded at an
end part of the second parallel transmission line part,
opposite to the second feeding end part, and extending
along the main axis direction; and a bottom plate part set
to a ground potential, wherein the folded shape part is
electrically connected to the bottom plate part via the
second parallel transmission line part and the second
feeding end part, and wherein the folded shape part in-
cludes at least a part of meander shape or helical shape.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

FIGS. 1A to 1Cillustrate a configuration of an anten-
na according to an embodiment of the present in-
vention.

FIGS. 2A and 2B schematically illustrate electrical
connection and dimensions of the antenna accord-
ing to the embodiment.

FIGS. 3A and 3B illustrate configuration examples
for mounting the antenna according to the embodi-
ment.

FIGS. 4A and 4B are graphs illustrating characteris-
tics of the antenna according to the embodiment and
a comparable example.

FIGS. 5A to 5C illustrate configuration examples
when the length of the bottom plate part is changed.
FIG. 6 is a graph illustrating characteristics when the
length of the bottom plate part is changed.

FIGS. 7A to 7D illustrate configuration examples
when positional relation between the meander
shape part and the bottom plate part is changed.
FIG. 8 is a graph illustrating characteristics when the
positional relation between the meander shape part
and the bottom plate part is changed.

FIGS. 9A to 9E illustrates modified examples of
shapes of the antenna according to the embodiment.
FIGS. 10A to 10C illustrates a modified example in
which an amplifier circuit is provided.

FORMS TO EXERCISE THE INVENTION

[0010] According to one aspect of the present inven-
tion, there is provided an antenna comprising: a first el-
ement including: a first feeding end part, a first parallel
transmission line part arranged to extend from the first
feeding end part along a main axis direction of the an-
tenna, and a feeder part extending from an end part of
the first parallel transmission line part, opposite to the
first feeding end part, to a direction opposite to the first
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feeding end part; a second element including: a second
feeding end part, a second parallel transmission line part
arranged to extend from the second feeding end part in
parallel with the first parallel transmission line part, and
a folded shape part folded at an end part of the second
parallel transmission line part, opposite to the second
feeding end part, and extending along the main axis di-
rection; and a bottomplate part set to a ground potential,
wherein the folded shape part is electrically connected
to the bottom plate part via the second parallel transmis-
sion line part and the second feeding end part, and
wherein the folded shape part includes at least a part of
meander shape or helical shape.

[0011] The above antenna includes a first element, a
second element and a bottomplate part. The firstelement
includes a first feeding end part, a first parallel transmis-
sion line part and a feeder part. The second element in-
cludes a secondfeeding end part, a second parallel trans-
mission line part and a folded shape part. The second
feeding end part is electrically connected to the bottom
plate part set to the ground potential. By arranging the
first and the second parallel transmission line parts in
parallel with each other, the broad-band characteristic
can be achieved. By forming a meander shape or ahelical
shape at the folded shape part, the entire size of the
antenna can be small.

[0012] In one mode of the above antenna, the part of
meander shape or the helical shape is arranged close to
the bottom plate part so that the folded shape part is
electromagnetically coupled to the bottomplate part.
Thereby, the lower limit of the operational range of the
antenna can be extended, and further downsizing be-
comes possible. Also, by that result, the operational
range of the antenna can be adjusted according to a de-
sired range.

[0013] Inanothermode of the above antenna, the elec-
trical length of the folded shape part is longer than the
electrical length of the feeder part. Thereby, lowering of
real-part of input impedance caused by the downsizing
can be avoided, and it becomes easy to achieve imped-
ance matching with the electric circuit part at the feeding
end part. As a result, it becomes possible to ensure good
impedance matching state over broad band.

[0014] In still another mode of the above antenna, the
feeder part includes at least one folded shape part. In
still another mode of the above antenna, the feeder part
includes a part of meander shape or helical shape. There-
by, the overall length of the antenna can be further short-
ened.

[0015] Stillanother mode of the above antenna further
comprises a dielectric substrate, wherein the first ele-
ment and the second element are arranged on one side
of the dielectric substrate, wherein the bottom plate part
is arranged on the other side of the dielectric substrate,
and wherein the second feeding end part and the bottom
plate part are electrically connected via a through hole
formed on the dielectric substrate.

[0016] Still another mode of the above antenna further
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comprises a circuit unit connected to the first element
and the second element, wherein the ground wiring of
the circuit unitis electrically connected to the bottom plate
part. In this mode, the circuit unit is provided, to which
signals transmitted and received by the antenna are sup-
plied. The bottom plate part set to the ground potential
also has a role of a ground substrate for the circuit unit.
Thereby, it is unnecessary to provide a ground substrate
for the circuit unit separately from the bottom plate part
of the antenna. Thus, the size of the antenna including
the circuit unit can be small, and the configuration can
be simplified.

EMBODIMENTS

[0017] Preferredembodiments ofthe presentinvention
will be described below with reference to the attached
drawings.

[0018] FIGS. 1A to 1C illustrate a configuration of an
antenna 100 according to an embodiment of the present
invention. FIG. 1A is a plane view illustrating a front side
of an antenna 100, and FIG. 1B is a rear view illustrating
a back side of the antenna 100. FIG. 1C is a sectional
view of the antenna 100 cut at the position of a through
hole 5a described later.

[0019] As illustrated, the antenna 100 includes an el-
ement 1, an element 2, a dielectric substrate 5 and a
bottom plate part 6. The element 1, the element 2 and
the bottom plate part 6 correspond to antenna elements.
[0020] The element 1 is a single linear conductor and
is arranged along a main axis direction X which is the
longitudinal direction of the antenna. The element 1 is
formed with a feeding end part 1t at its one end. A part
of a predetermined length of the element 1 from the feed-
ing end part 1t forms a parallel transmission line part 1b.
A part of the element 1 on the tip side of the parallel
transmission line part 1b, e.g., a part extending opposite
to the feeding end part 1t forms a feeder part 1a. A part
of the element 1 on the side of the feeding end part 1t is
arranged on the dielectric substrate 5.

[0021] The element2isformed with a feeding end part
2t at its one end. The feeding end part 2t is arranged
close the feeding end part 1t of the element 1. A part of
a predetermined length of the element 2 from the feeding
end part 2t forms a parallel transmission line part 2b. The
parallel transmission line part 2b of the element 2 is sub-
stantially as long as the parallel transmission line part 1b
of the element 1, and is arranged on the dielectric sub-
strate 5 in parallel with the parallel transmission line part
1b of the element 1. In other words, the element 1 and
the element 2 are arranged such that their parts of the
predetermined length on the side of the feeding end parts
1t and 2t, respectively, are parallel with each other, and
the parts being parallel with each other are the parallel
transmission line parts 1b and 2b.

[0022] The element 2 is turned twice, at the end posi-
tion of the parallel transmission line part 2b opposite to
the feeding end part 2t, to be folded back by 180 degrees
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along the main axis direction X. The part thus folded
forms a folded shape part 2a. Namely, the folded shape
part 2a is substantially parallel with the parallel transmis-
sion line parts 1b and 2b, and extends to the direction
opposite to the direction in which the feeder part 1a of
the element 1 extends. Also, the folded shape part 2a
has a meander shape in which plane convex-concave
shapes are repeatedly formed as illustrated. While the
whole part of the folded shape part 2a is formed into the
meander shape in the example of FIGS. 1A and 1B, only
a part of the folded shape part 2a may be formed into the
meander shape.

[0023] The dielectric substrate 5 may be formed of
base material for a printed wiring board, such as FR4.
The dielectric substrate 5 has a rectangular flat plate
shape, and the elements 1 and 2 are arranged on its
front-side surface as illustrated in FIG. 1A.

[0024] As illustrated in FIG. 1B, the bottomplate part 6
is provided on the back-side surface of the dielectric sub-
strate 5. The bottom plate part 6 is formed of conductive
material such as metal. The bottom plate part 6 is elec-
trically connected to the feeding end part 2t of the element
2. Specifically, as illustrated in FIGS. 1A and 1C, the di-
electric substrate 5 is provided with a through hole 5a at
the position of the feeding end part 2t of the element 2,
and the feeding end part 2t and the bottom plate part 6
are electrically connected via the conductive material
provided inside the through hole 5a.

[0025] In the configuration of the above antenna 100,
the element 1 corresponds to the first element of the
present invention, the feeding end part 1t corresponds
to the first feeding end part, and the parallel transmission
line part 1b corresponds to the first parallel transmission
line part. Also, the element 2 corresponds to the second
element of the present invention, the feeding end part 2t
corresponds to the second feeding end part, and the par-
allel transmission line part 2b corresponds to the second
parallel transmission line part.

[0026] FIG. 2A schematically illustrates an electric
connection state of the antenna 100. Transmission/re-
ception signals flow through the coaxial cable 11. Its sig-
nal line 11s is electrically connected to the element 1,
and its outer conductor (hereinafter referred to as "ground
(GND) line") 11g is electrically connected to the element
2 and the bottom plate part 6. Thereby, the element 1 is
set to the signal potential, and the element 2 and the
bottom plate part 6 are set to the ground potential. It is
noted that FIG. 2A schematically illustrates the electrical
connection state of the antenna 100. In practice, the sig-
nal line of the coaxial cable is connected to the feeding
end part 1t of the element 1, and the ground line is con-
nected to the feeding end part 2t of the element 2. The
signal line and the ground line may be connected to the
feeding end parts 1t and 2t, respectively, via a necessary
amplifying circuit and the like. Since the feeding end part
2t of the element 2 is electrically connected to the bottom
plate part 6 via the through hole 5a as described above,
the element 2 and the bottom plate part 6 are set to the
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ground potential.

[0027] FIG. 2Billustrates an example of dimensions of
each parts of the antenna 100. This is the example for
the case where the antenna 100 of the present invention
is configured to receive the terrestrial digital broadcast-
ing. In this example, the overall length of the antenna 100
is 233.5mm, and the width of the elements 1 and 2 is
2mm. The length of the parallel transmission line parts
1b and 2b is 70mm, and the gap between them is 1Tmm.
The length of the element 1 is 180mm. The length of the
folded shape part 2a except for the meandering amount
of the meander shape part is 106mm, and the number
of the meander steps is six. The length of the bottom
plate part 6 is 56mm. Considering the meandering
amount of the meander shape part, the electrical length
of the folded shape part 2a is longer than the electrical
length of the feeder part 1a. The antenna of the present
invention may be used for the purpose other than the
reception of the terrestrial digital broadcasting, and the
dimension of each part of the antenna in that case is
appropriately determined basically based on the frequen-
cy band of the signals to be transmitted and received.
[0028] FIG. 3Aillustrates an example of a configuration
when the antenna 100 is actually mounted on a vehicle.
For example, the antenna 100 is attached to the vehicle
in such a state thatitis putin a casing 8 of insulator. FIG.
3A illustrates an example in which the above-described
antenna 100is putin the casing 8 as itis, and the element
1, the element 2 and the dielectric substrate 5 are fixed
to the predetermined positions inside the casing 8, re-
spectively. In FIG. 3A, for the convenience of illustration,
the casing 8 is formed of transparent resin so that the
inside of the casing 8 can be seen through. The bot-
tomplate part 6 provided on the back side of the dielectric
substrate 5 is omitted from the illustration.

[0029] FIG. 3B illustrates another example of the con-
figuration when the antenna 100 is actually mounted on
a vehicle. In this example, a large dielectric substrate 5x
is used instead of the dielectric substrate 5 shown in
FIGS. 1A to 1C. Namely, the dielectric substrate 5x is
also used as a base material of the antenna 100. The
elements 1 and 2 are arranged on the front-side surface
of the dielectric substrate 5x, and the bottom plate part
6 is arranged on the back-side surface of the dielectric
substrate 5x. In FIG. 3B, for the convenience of the illus-
tration, the dielectric substrate 5x is formed transparent
so that the bottom plate part 6 formed on the back side
can be seen through from the front side. Via the through
hole 5a provided on the dielectric substrate 5x, the feed-
ing end part 2t of the element 2 and the bottom plate part
6 are electrically connected. In this case, the outside of
the dielectric substrate 5x is entirely covered by an insu-
lated protection casing, so thatthe element 1, the element
2 and the bottom plate part 6 are not exposed.

[0030] Itis noted that FIGS. 3A and 3B illustrate mere
examples of the configuration for actually mounting the
antenna 100, and mounting manner of the antenna of
the present invention is not limited to them.
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[0031] Next, the characteristic feature of the antenna
100 will be described. First, the antenna 100 basically
realizes the broad-band transmission by providing the
elements 1 and 2 with the parallel transmission line parts
1b and 2b.

[0032] Additionally, by positioning a part of the folded
shape part 2a close to the bottom plate part 6, the me-
ander shape part of the folded shape part 2a and the
bottom plate part 6 are electromagnetically coupled in a
good condition. Thereby, the lower limit of the operational
band of the antenna is extended, and good impedance
matching state is ensured for broad band.

[0033] This will be described with reference to FIGS.
4A and 4B. FIG. 4A illustrates voltage standing wave
ratio (VSWR) characteristics of the antenna 100 accord-
ing to this embodiment and the antenna 100 from which
the bottom plate part 6 is removed. The solid line graph
C1 illustrates the VSWR characteristic of the antenna
100 according to this embodiment, e.g., the antenna hav-
ing the bottomplate part 6. The broken line graph C2 il-
lustrates the VSWR characteristic when the bottom plate
part 6 is removed. Generally, it can be considered to be
good impedance matching state if the VSWR value is
equal to or smaller than "3". As shown by the graph C1,
the antenna 100 shows a good characteristic in which
the VSWR value is equal to or smaller than "3" within the
300MHz band width from 510 MHz to 810 MHz. In con-
trast, as shown by the broken line graph C2, if the bottom
plate part 6 is removed, the impedance matching state
is deteriorated over broad band, and there occurs specific
points at which the matching state is extremely bad. Thus,
in the antenna 100 according to this embodiment, the
stable VSWR characteristic is realized for broad band by
arranging the folded shape part 2a and the bottom plate
part 6 sufficiently close to each other so that they can be
electromagnetically coupled.

[0034] Further, by forming the meander shape at the
folded shape part 2a, the overall length of the antenna
is downsized. Still further, by forming the meander shape
part at the folded shape part 2a, the operational frequen-
cy range is adjusted. A graph C3 in FIG. 4B illustrates
the VSWR characteristic of the antenna in which the fold-
ed shape part 2a is not formed with the meander shape
but is formed in a linear shape . Asisunderstoodwhen-
compared with the solid graph C1 in FIG. 4A, if the me-
ander shape is not formed at the folded shape part 2a,
the operational frequency range entirely shifts to the high
frequency side on the frequency axis. In such a case, in
order to return the operational frequency range to the low
frequency side without forming the meander shape, it is
necessary to make the length of the feeder part 1a of the
element 1 or the bottom plate part 6 longer. As a result,
the overall length of the antenna increases, and the an-
tenna becomes large in size. In this respect, according
to this embodiment, by forming the meander shape at
the folded shape part 2a, the antenna can be small in
size and the operational frequency range can be adjusted
to be a desired frequency range.
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[0035] Next, the description will be given of the length
of the bottom plate part 6 in the main axis direction X.
FIGS. 5A to 5C illustrate examples in which the length
of the bottom plate part 6 is changed. FIGS. 5A to 5C are
rear views of the antenna 100 observed from its backside,
i.e., from the side that the bottom plate part 6 is provided.
Specifically, the bottom plate part 6 is extended, along
the main axis direction X, to the direction opposite to the
feeder part 1a of the element 1. FIG. 5A shows an ex-
ample in which the length of the bottom plate part 6 in
the main axis direction X is 56mm, similarly to the antenna
100 shown in FIGS. 1A to 1C. FIG. 5B shows an example
in which the length of the bottom plate part 6 is 76mm,
and FIG. 5C shows an example in which the length of
the bottom plate part 6 is 96mm. In FIGS. 5B and 5C,
since the bottom plate part 6 is extended, the dielectric
substrate 5 is also extended in the main axis direction X.
However, the shapes and the dimensions of the elements
1 and 2 are the same.

[0036] FIG. 6 illustrates the VSWR characteristics
when the length of the bottom plate part 6 is changed in
this manner. A graph C4 illustrates the VSWR charac-
teristic when the length of the bottom plate part 6 is 56mm
as shown in FIG. 5A. A graph C5 illustrates the VSWR
characteristic when the length of the bottom plate part 6
is 76mm as shown in FIG. 5B. A graph C6 illustrates the
VSWR characteristic when the length of the bottom plate
part 6 is 96mm as shown in FIG. 5C. As is understood
from each graph, by making the bottom plate part 6 long-
er, the lower limit of the operational range can be extend-
ed to the low frequency side. Namely, according to the
antenna of this embodiment, by adjusting the length of
the bottom plate part 6, the lower limit of the operational
range may be set to a desired frequency. Although it is
known that the lower limit of the operational range can
be adjusted by changing the length of the feeder part in
a conventional monopole antenna, the lower limit of the
operational range can be adjusted also by the length of
the bottomplate part 6 in this embodiment. Particularly,
the antenna of this embodiment considers the use in
which downsizing is desired. Therefore, it is extremely
advantageous that the design for satisfying the desired
operational range can be made by using two parameters,
i.e., the length of the feeder part and the length of the
bottom plate part, because it makes the design easy and
it increases the freedom for the shape of the product.
[0037] Next, the description will be given of the posi-
tional relation between the meander shape part of the
folded shape part 2a and the bottom plate part 6. Now,
two-step meander shape is formed and its position is
moved relatively to the bottom plate part 6. The length
of the folded shape part 2a is fixed to 106mm.

[0038] Configuration examples of this case are illus-
trated in FIGS. 7A to 7D. Although FIGS. 7A to 7D show
the plane view observed from the front side of the anten-
na, the bottom plate part 6 provided on the back side of
the antenna is also illustrated for the convenience of ex-
planation. Specifically, FIG. 7A illustrates the antenna



9 EP 2 546 929 A1 10

100a in which the meander shape part is arranged apart
from the bottom plate part 6. FIG. 7B illustrates the an-
tenna 100b in which the meander shape part and the
bottom plate part 6 are arranged close to each other un-
der the condition that the meander shape part and the
bottom plate part 6 do not align with each other in the
direction perpendicular to the main axis direction X. FIG.
7C illustrates the antenna 100c in which the meander
shape part and the bottom plate part 6 are arranged such
that only the first step of the meander shape part aligns
with the bottom plate part 6 in the direction perpendicular
to the main axis direction X. FIG. 7D illustrates the an-
tenna 100d in which the meander shape part and the
bottom plate part 6 are arranged such that both two steps
of the meander shape part align with the bottom plate
part 6 in the direction perpendicular to the main axis di-
rection X.

[0039] FIG. 8 illustrates the VSWR characteristics of
the antennas 100a to 100d. As is understood by com-
paring the VSWR characteristic of each antenna, when
the meander shape part and the bottom plate part 6 are
closely arranged such that they align with each other in
the direction perpendicular to the main axis direction X,
the meander shape part and the bottom plate part 6 are
electromagnetically coupled, and the lower limit of the
operational range can be extended to the low frequency
side. Therefore, by adjusting the arrangement of the me-
ander shape part and the bottom plate part 6 to adjust
the electromagnetic coupling force between them, the
operational range of the antenna canbe adjusted. There-
by, the design freedom in whole antenna may be in-
creased.

[0040] Inthe above example, by changing the relative
position of the meander shape part and the bottom plate
part 6, the electromagnetic coupling force between them
is changed. However, instead of this, similar adjustment
can be done by changing the interval (gap) between the
meander shape part and the bottom plate part 6. For
example, in the example of FIG. 7D, the position of the
meander shape part in the main axis direction X is fixed,
and the folded shape part 2a is moved to the direction
(the direction of the arrow Y in FIG. 7D) perpendicular to
the main axis direction X to increase the interval between
the meander shape part and the bottom plate part 6. In
this case, the smaller the interval between the meander
shape part and the bottom plate part 6 is, the larger the
electromagnetic coupling force between the meander
shape part and the bottom plate part 6 becomes, and
thereby the lower limit of the operational range is extend-
ed to the low frequency side. Conversely, the larger the
interval between the meander shape part and the bottom
plate part 6 is, the smaller the electromagnetic coupling
force between the meander shape part and the bottom
plate part 6 becomes, and thereby the lower limit of the
operational range moves to the high frequency side.
Therefore, the operational range can be adjusted by the
adjustment of the interval between the meander shape
part and the bottom plate part 6, instead of or in addition
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to the adjustment of the relative positional relation be-
tween the meander shape part and the bottom plate part
6 in the main axis direction X shown in FIGS. 7A to 7D.
Thus, the design freedom can be further improved.

[1st Modified Examples]

[0041] Next, various modified examples ofthe antenna
100 will be described. FIGS. 9A to 9E illustrate modified
examples of the shape of the antenna 100.

[0042] The antenna 100e shown in FIG. 9A is an ex-
ample in which the end part of the feeder part 1a of the
element 1, on the side opposite to the feeding end part
1t, is folded. The antenna 100f shown in FIG. 9B is an
example in which the tip of the feeder part 1a of the an-
tenna 100e shown in FIG. 9A is further formed into the
meander shape. The antenna 100g shown in FIG. 9C is
an example in which the feeder part 1a of the element 1
is formed into the meander shape. The antenna 100h
shown in FIG. 9D is an example in which the tip of the
feeder part 1a of the element 1 is turned once in the
perpendicular direction and then the turned part is formed
into the meander shape. In these examples, by reducing
the length of the feeder part 1a, the overall length of the
antenna can be short.

[0043] The antenna 100i shown in FIG. 9E is an ex-
ample in which a helical shape is formed, instead of the
meander shape, at the folded shape part 2a. Although
FIG. 9E illustrates in a plane view, the helical shape is
formed as a three-dimensional loop shape like a coil.
Also by the helical shape, the overall length of the ele-
ment 2 can be short, similarly to the meander shape. In
addition, by arranging the helical shape part close to the
bottom plate part 6, they can be electromagnetically cou-
pled, and the operational range can be adjusted.

[2nd Modified Examples]

[0044] Next, the description will be given of anexample
in which the antenna is provided with an amplifier circuit.
FIG. 10A is a plane view illustrating the front side of the
antenna 100x having an amplifier circuit. FIG. 10B is a
rear view illustrating the back side of the antenna 100x.
FIG. 10C is a sectional view of the antenna 100x, cut by
the section passing through the through hole 5a.
[0045] Asillustrated, the amplifier circuit 20 is provided
on the front side of the dielectric substrate 5. The amplifier
circuit 20 is arranged close to the feeding end parts 1t
and 2t of the antenna 100x, and has a role of amplifying
(boosting) the signal received by the antenna 100x. The
signal line 20s of the amplifier circuit 20 is connected to
the feeding end part 1t of the element 1, and the ground
line 20g of the amplifier circuit 20 is connected to the
feeding end part 2t of the element 2. The signal amplified
by the amplifier circuit 20 is supplied to a signal process-
ing circuit or the like via a cable not shown.

[0046] As illustratedin FIGS. 10B and 10C, the dielec-
tric substrate 5 is formed with a through hole 5b at the
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position under the amplifier circuit 20. A ground wiring of
the amplifier circuit 20 (not shown) is electrically connect-
ed to the bottom plate part 6 via the conductor provided
inside the through hole 5b. Namely, the bottom plate part
6 functions as an antenna element set to the ground po-
tential, and also functions as the ground substrate of the
amplifier circuit 20. Thereby, the ground potential of the
antenna and the amplifier circuit 20 can be common, and
it becomes unnecessary to provide a ground substrate
for the amplifier circuit 20 separately from the bottom
plate part 6 providing the groundpotential of the antenna.
Thus, the antenna can be downsized in its entirety. In
the above example, for the convenience of illustration,
one through hole 5b is provided. However, in practice, it
is preferred that plural through holes 5b are provided to
electrically connect the ground wiring of the amplifier cir-
cuit 20 to the bottom plate part 6.

[0047] In the above example, the amplifier circuit 20
for amplifying the received signal is provided. Instead,
an electric circuit for performing other processing such
as signal processing may be provided, and an electric
circuit having both the amplifying function of the received
signal and other function may be provided. In any case,
by connecting the ground wiring of the electric circuit to
the bottom plate part of the antenna, the ground of the
antenna and the electric circuit can be common, and the
antenna can be downsized.

INDUSTRIAL APPLICABILITY

[0048] This invention can be used as a small antenna
to be mounted on a portable equipment. Particularly, this
invention can be preferably used as a terrestrial digital
broadcasting receiving antenna attached to the front
glass of an automobile, and a terrestrial digital broad-
casting receiving antenna for a small portable equipment
such as a portable TV and a portable game machine.

DESCRIPTION OF REFERENCE NUMBERS

[0049]

1,2 Element

1a Feeder part

1b, 2b Parallel transmission line part
1t, 2t Feeding end part
2a Folded shape part
5 Dielectric substrate
5a, 5b Through hole

6 Bottom plate part
11 Coaxial cable

20 Amplifier circuit
100, 100a - 100i Antenna

Claims

1. An antenna comprising:

10

15

20

25

30

35

40

45

50

55

a first element including: afirst feeding end part,
a first parallel transmission line part arranged to
extend from the first feeding end part along a
main axis direction of the antenna, and a feeder
part extending from an end part of the first par-
allel transmission line part, opposite to the first
feeding end part, to a direction opposite to the
first feeding end part;

a second element including: a second feeding
end part, a second parallel transmission line part
arranged to extend from the second feeding end
partin parallel with the first parallel transmission
line part, and a folded shape part folded at an
end part of the second parallel transmission line
part, opposite to the second feeding end part,
and extending along the main axis direction; and
a bottom plate part set to a ground potential,
wherein the folded shape part is electrically con-
nected to the bottom plate part via the second
parallel transmission line part and the second
feeding end part, and

wherein the folded shape part includes at least
a part of meander shape or helical shape.

The antenna according to claim 1, wherein the part
of meander shape or the helical shape is arranged
close to the bottom plate part so thatthe folded shape
part is electromagnetically coupled to the bottom
plate part.

The antenna according to claim 1 or 2, the electrical
length of the folded shape part is longer than the
electrical length of the feeder part.

The antenna according to any one of claims 1 to 3,
wherein the feeder part includes at least one folded
shape part.

The antenna according to any one of claims 1 to 4,
wherein the feeder part includes a part of meander
shape or helical shape.

The antenna according to any one of claims 1 to 5,
further comprising a dielectric substrate,

wherein the first element and the second element
are arranged on one side of the dielectric substrate,
wherein the bottom plate partis arranged on the oth-
er side of the dielectric substrate, and

wherein the second feeding end part and the bottom
plate part are electrically connected via a through
hole formed on the dielectric substrate.

The antenna according to any one of claims 1 to 6,
further comprising a circuit unit connected to the first
element and the second element,

wherein the ground wiring of the circuit unit is elec-
trically connected to the bottom plate part.
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