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(54) MULTI-FREQUENCY ANTENNA

(57) A D-net antenna is split in two, and one part
thereof is provided as a D-net element 13 in an antenna
element 1. The other element thereof is accommodated
inside the cover section 2 as a lower element 10. An E-
net element 11 is connected to the top end of the lower
element 10. This E-net element 11 has a rectangular ra-
diating surface, and has virtually omnidirectional char-
acteristics in the horizontal plane. The antenna element
1 is installed detachably to the cover section 2, and
when it is installed thereon, the D-net element 13 and
the lower element 10 become mutually connected.
Thereby, a multi-frequency antenna operating across
two different broad frequency bands is obtained.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a multi-fre-
quency aerial operating in a first frequency band and a
second frequency band, and it is suitably applied to a
multi-frequency antenna for a vehicle capable of receiv-
ing a first mobile radio band, a second mobile radio
band, an FM/AM radio and, and GPS band.

BACKGROUND ART

[0002] There are various types of antenna that are in-
stalled on vehicles, but conventionally, roof vehicles
which are installed on the vehicle roof have been pre-
ferred since they enable reception sensitivity to be im-
proved by means of the antenna being installed of the
roof which is the highest position on the vehicle. More-
over, since an FM/AM radio is generally fitted in a vehi-
cle, it is convenient to use an antenna capable of receiv-
ing both FM and AM radio bands, and hence roof anten-
nas which are capable of receiving two radio bands con-
jointly have been widespread.
[0003] Moreover, in recent years, car navigation sys-
tems using GPS (Global Positioning System), and mo-
bile telephones, have become increasingly popular, and
GPS antennas for car navigation systems, and mobile
phone antennas for mobile phones, have been installed
on vehicles.
[0004] Moreover, if the vehicle comprises a keyless
entry system wherein the door locking and unlocking ac-
tions are operated remotely by wireless, then a keyless
entry antenna is installed on the vehicle.
[0005] However, installing various types of antennas
of these kinds independently on a vehicle not only in-
volves design problems, but also complicates the main-
tenance and installation tasks, and the like, and hence
a multi-frequency antenna which receives a mobile
phone band, FM/AM radio bands, GPS band and key-
less entry band, and the like, in a single antenna, has
been proposed.
[0006] A multi-frequency antenna disclosed in Japa-
nese Patent Laid-open No.H6-132714 is known as one
example of this type of multi-frequency antenna. This
multi-frequency antenna is constituted by a retractable
rod antenna forming a combined three-wave antenna
for receiving a mobile phone band, FM radio band, and
AM radio band, a planar radiating element forming a
GPS antenna for receiving GPS signals, and a loop ra-
diating element forming a keyless entry antenna for re-
ceiving keyless entry signals.
[0007] These respective antennas are installed on the
upper face of a main body, and a metal plate is provided
in the upper portion of the main body, the planar radiat-
ing body and the loop radiating body being formed on
this plate via an inductive layer. Since the plate forms a
ground plane, the planar radiating element and the loop

radiating element operate as microstrip antennas. Fur-
thermore, a protective cover is formed over the planar
radiating element and loop radiating element.
[0008] Since a multi-frequency antenna of this kind
comprises a retractable rod antenna, it is necessary to
provide a space for accommodating the rod antenna
when it is installed. Therefore, whilst it is possible to in-
stall the multi-frequency antenna on the boot lid or wing
of the vehicle where such space can be formed, it cannot
be installed on the roof, which is the optimum position
for situating an antenna, since this does not have the
required accommodating space. In this case, if the multi-
frequency antenna is installed on the boot lid or wing of
the vehicle, then since the angle of inclination of the
GPS satellite is in many cases a low angle of inclination,
there is a risk that the electromagnetic waves from the
satellite may be shielded by the body of the vehicle, de-
pending on the position of the GPS satellite. Therefore,
a multi-frequency antenna designed to resolve this
problem is disclosed in Japanese Patent Laid-open No.
H10-93327.
[0009] This multi-frequency antenna is constituted by
an antenna element designed to resonate at multiple
frequencies by being provided with a trap coil, and a cov-
er section having a built-in regulating circuit board, or
the like, on which this antenna element is installed. By
fixing this cover section to the roof, the multi-frequency
antenna can be installed on the roof.
[0010] Generally, a plurality of frequency bands are
assigned for use by mobile phones. For example, in the
PDC (Personal Digital Cellular telecommunication sys-
tem) used in Japan, the 800 MHz band (810 MHz - 956
MHz) and 1.4 GHz band (1429 MHz - 1501 MHz) are
allocated. In Europe, the 800 MHz (870 MHz - 960 MHz)
GSM (Global System for Mobile communications) and
the 1.7 GHz (1710 MHz - 1880 MHz) DCS (Digital Cel-
lular System) are employed. To operate an antenna in
a plurality of operating frequencies of this kind, antennas
which operate in the respective frequency bands are
provided, but generally, two antennas are connected by
means of a choke coil so that they mutually affect the
operation of the other.
[0011] However, in a choke coil, such as a trap coil,
or the like, it is difficult to separate signals across a broad
frequency range. In other words, even if a choke coil is
provided between antennas operating in respective fre-
quency bands, if the frequency bandwidths are large, as
in mobile telephone bands, then it is not possible to
make the respective antennas work independently
across these frequency bands, and hence there is a
problem in that the antennas affect each other and can-
not be made to operate satisfactorily.

DISCLOSURE OF THE INVENTION

[0012] It is an object of the present invention to pro-
vide a multi-frequency antenna of a novel composition
which operates across two different broad frequency
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bands, and in order to achieve the aforementioned ob-
ject, the antenna comprises a first element operating in
a first frequency band, and a second element having a
rectangular extended radiating surface operating in a
second frequency band which is higher than the first fre-
quency band, connected to an intermediate region of the
first element. The operating principles of the multi-fre-
quency antenna of the present invention according to
this composition are not clear, but the antenna are able
to operate independently without mutual adverse ef-
fects, even if the first frequency band and second fre-
quency band are broad frequency bands, such as mo-
bile phone bands. Since the second element has an ex-
tended radiating surface, it is possible to achieve virtu-
ally omnidirectional characteristics in the horizontal
plane.
[0013] Moreover, in the multi-frequency antenna ac-
cording to the present invention, the first frequency band
is taken as a first mobile radio band, and the second
frequency band is taken as a second mobile radio band,
being a frequency band approximately twice as high as
the first mobile radio band.
[0014] Furthermore, if the first element is split in two,
and the lower element of the split first element is accom-
modated inside a cover section, whilst the second ele-
ment is also accommodated inside the cover section,
then a compact multi-frequency antenna can be ob-
tained. It is possible to make a circuit board incorporat-
ing a frequency divider, and the like, accommodatable
in the space inside the cover section.
[0015] Moreover, by providing an element operating
in a much lower frequency band, such as an AM/FM
band, via a choke coil, at the top end of the first element,
then it is possible to obtain a multi-frequency antenna
operating at three frequencies or more. Furthermore, if
a GPS antenna unit is provided in the accommodating
space inside the cover, then GPS signal can also be re-
ceived, without adversely affecting the other antennas.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Fig. 1 is a diagram showing a partial sectional view
of the composition of a first embodiment of a multi-
frequency antenna according to the present inven-
tion;
Fig. 2 is a diagram showing a enlarged partial view
of a multi-frequency antenna according to a first em-
bodiment of the present invention;
Fig. 3 is a diagram illustrating the composition of a
lower element of a split D-net element, and an E-
net element, in a multi-frequency antenna accord-
ing to a first embodiment of the present invention;
Fig. 4 is a diagram illustrating the detailed compo-
sition of a lower element of a split D-net element of
a multi-frequency antenna according to a first em-
bodiment of the present invention;

Fig. 5 is a diagram showing the detailed composi-
tion of the E-net element in a multi-frequency an-
tenna according to a first embodiment of the present
invention;
Fig. 6 is a diagram showing the general composition
of an E-net element connected to a D-net element
in a multi-frequency antenna according to a first em-
bodiment of the present invention;
Fig. 7 is a diagram showing impedance character-
istics in a D-net frequency band when particular
constants are used for the dimensions of a D-net
element and E-net element in a multi-frequency an-
tenna according to a first embodiment of the present
invention;
Fig. 8 is a diagram showing VSWR characteristics
in a D-net frequency band when particular con-
stants are used for the dimensions of a D-net ele-
ment and E-net element in a multi-frequency anten-
na according to a first embodiment of the present
invention;
Fig. 9 is a diagram showing impedance character-
istics in an E-net frequency band when particular
constants are used for the dimensions of a D-net
element and E-net element in a multi-frequency an-
tenna according to a first embodiment of the present
invention;
Fig. 10 is a diagram showing VSWR characteristics
in a E-net frequency band when particular con-
stants are used for the dimensions of a D-net ele-
ment and E-net element in a multi-frequency anten-
na according to a first embodiment of the present
invention;
Fig. 11 is a diagram showing directionality charac-
teristics and a measurement state, at a lowest D-
net frequency, when particular constants are used
for the dimensions of a D-net element and E-net el-
ement in a multi-frequency antenna according to a
first embodiment of the present invention;
Fig. 12 is a diagram showing directionality charac-
teristics in a horizontal plane at a middle and a high-
est D-net frequency, when particular constants are
used for the dimensions of a D-net element and E-
net element in a multi-frequency antenna according
to a first embodiment of the present invention;
Fig. 13 is a diagram showing directionality charac-
teristics in a horizontal plane at a lowest and a mid-
dle E-net frequency, when particular constants are
used for the dimensions of a D-net element and E-
net element in a multi-frequency antenna according
to a first embodiment of the present invention;
Fig. 14 is a diagram showing directionality charac-
teristics in a horizontal plane, at a highest E-net fre-
quency, when particular constants are used for the
dimensions of a D-net element and E-net element
in a multi-frequency antenna according to a first em-
bodiment of the present invention;
Fig. 15 is a diagram illustrating the measurement
state of directionality characteristics in a vertical
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plane, when a multi-frequency antenna according
to a first embodiment of the present invention is
stood upright;
Fig. 16 is a diagram showing directionality charac-
teristics in a vertical plane at a lowest and a middle
D-net frequency, when particular constants are
used for the dimensions of a D-net element and E-
net element in a multi-frequency antenna according
to a first embodiment of the present invention;
Fig. 17 is a diagram showing directionality charac-
teristics in a vertical plane at a lowest E-net frequen-
cy, when particular constants are used for the di-
mensions of a D-net element and E-net element in
a multi-frequency antenna according to a first em-
bodiment of the present invention;
Fig. 18 is a diagram showing directionality charac-
teristics in a vertical plane at a middle and a highest
E-net frequency, when particular constants are
used for the dimensions of a D-net element and E-
net element in a multi-frequency antenna according
to a first embodiment of the present invention;
Fig. 19 is a diagram illustrating the measurement
state of directionality characteristics in a vertical
plane, when a multi-frequency antenna according
to a first embodiment of the present invention is in-
clined;
Fig. 20 is a diagram showing directionality charac-
teristics in a vertical plane at a lowest D-net frequen-
cy, when particular constants are used for the di-
mensions of a D-net element and E-net element in
a multi-frequency antenna according to a first em-
bodiment of the present invention;
Fig. 21 is a diagram showing directionality charac-
teristics in a vertical plane at a middle and a highest
D-net frequency, when particular constants are
used for the dimensions of a D-net element and E-
net element in a multi-frequency antenna according
to a first embodiment of the present invention;
Fig. 22 is a diagram showing directionality charac-
teristics in a vertical plane at a lowest and a middle
E-net frequency, when particular constants are
used for the dimensions of a D-net element and E-
net element in a multi-frequency antenna according
to a first embodiment of the present invention;
Fig. 23 is a diagram showing directionality charac-
teristics in a vertical plane at a highest E-net fre-
quency, when particular constants are used for the
dimensions of a D-net element and E-net element
in a multi-frequency antenna according to a first em-
bodiment of the present invention;
Fig. 24 is a diagram showing a partial sectional view
of a composition of a second embodiment of a multi-
frequency antenna according to the present inven-
tion;
Fig. 25 is a diagram showing a partial enlargement
of a multi-frequency antenna according to a second
embodiment according to the present invention;
Fig. 26 is a diagram showing the composition of a

lower element of a split D-net element, and an E-
net element, in a multi-frequency antenna accord-
ing to a second embodiment according to the
present invention;
Fig. 27 is a diagram showing the detailed composi-
tion of a lower element of a split D-net element in a
multi-frequency antenna according to a second em-
bodiment according to the present invention;
Fig. 28 is a diagram showing the detailed composi-
tion of an E-net element in a multi-frequency anten-
na according to a second embodiment according to
the present invention; and
Fig. 29 is a diagram showing the general composi-
tion of an E-net element connected to a D-net ele-
ment in a multi-frequency antenna according to a
second embodiment according to the present in-
vention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0017] A partial sectional view of the composition of a
first embodiment of a multi-frequency antenna accord-
ing to the present invention is illustrated in Fig. 1, and
an enlarged view thereof is illustrated in Fig. 2.
[0018] As shown in these diagrams, the multi-fre-
quency antenna 100 relating to the first embodiment of
the present invention is constituted by a linear antenna
element 1, and a cover section 2 made from resin, on
which the antenna element 1 is installed detachably.
The antenna element 1 comprises a helical element
section 31 formed in a helical shape, and an antenna
top 32 provided at the upper end of this helical element
section 31. Moreover, a moulded antenna base section
30 is provided on the lower end of the helical element
section 31. A bendable elastic element section 16 con-
nected to the lower end of the helical element section
31, and a choke coil 14 of which one end if connected
to the lower end of the elastic element section 16, are
provided inside the antenna base section 30. Moreover,
the other end of the choke coil 14 is connected to a D-
net element 13 which corresponds to an upper D-net
element, and a fixing screw 12 is provided on the lower
end of the D-net element 13.
[0019] Here, "D-net" indicates a first mobile phone
band based on the aforementioned GSM system, and
"E-net", which is mentioned hereinafter, indicates a sec-
ond mobile phone band based on the aforementioned
DCS system.
[0020] Incidentally, wind noise preventing means
wound in a coil shape is also provided on the helical el-
ement section 31. Moreover, the elastic element section
16 serves to prevent the antenna element 1 from bend-
ing and snapping when a lateral load is applied thereto.
This elastic element section 16 can be constituted by an
elastic wire cable or coil spring.
[0021] A metal base 25 is fitted into the lower face of
the cover section 2 which is formed by resin moulding,
and a cylindrical installation section 24 for installation
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onto the roof, or the like, of a vehicle is formed projecting
from this base 25. A screw thread is cut into the outer
circumference of the base 25, and signal cables and
power cables leading from inside the cover section 2 can
be inserted through a clearance hole formed on the in-
ner side thereof.
[0022] This cover section 2 accommodates a lower el-
ement 10 for D-net use, and an element 11 for E-net use
formed in such a manner that it has a rectangular radi-
ating surface connecting to the vicinity of the upper end
of the lower element 10. The composition of the D-net
lower element 10 and the E-net element 11 is illustrated
in Fig. 3. Moreover, a screw receiving section 2a for re-
ceiving a fixing screw section 12 provided at the lower
end of the antenna base section 30 is provided on the
upper face of the cover section 2. A screw thread is cut
into the inner circumference of this metal screw receiv-
ing section 2a, which is formed as an insert in the cover
section 2. At the lower end of the screw receiving section
2a there is provided a connecting section 10a, formed
on the front end of the lower element 10 and into which
a connecting insertion section 12a formed on the front
end of the fixing screw section 12 is screwed. In other
words, by screwing the fixing screw section 12 provided
on the antenna base section 30 into the screw receiving
section 2a, the connection section l0 and the D-net ele-
ment 13 in the antenna base section 30 become elec-
trically connected by means of the fixing screw section
12. Thereby, the D-net element 13 forming one element
of the split D-net antenna, and the lower element 10
forming the other element thereof, are connected.
[0023] A circuit board 21 is soldered to the lower end
of the lower element 10, and filter for dividing waves be-
tween a D-net and E-net mobile phone band and an AM/
FM band is provided in this circuit board 21. The AM/FM
band signal divided thereby is amplified by an amplifying
circuit incorporated into an amplifying circuit board 22
accommodated within the cover section 2. Moreover, a
GPS unit 23 consisting of a GPS antenna and a con-
verter section for converting received GPS signals to in-
termediate frequency signals is accommodated inside
the cover section 2. In this case, since the E net element
11 is designed so as to be located at the rear face of the
lower element 10, it does not affect the low inclination
angle directionality characteristics of the GPS antenna
in the GPS unit 23. Moreover, D-net and E-net mobile
phone band signals are extracted from a signal cable
connected to the circuit board 21, whilst AM/FM signal
band signals are extracted from the amplifying circuit
board 22, and GPS signals converted to intermediate
frequency signals are extracted from a signal cable con-
nected to the GPS unit 23. These cables are led out from
the cover section 2 by passing through the inside of the
installation section 24, and are then connected to cor-
responding devices located inside the vehicle.
[0024] The composition of the D-net lower element 10
and the E-net element 11 is illustrated in Fig. 3. The com-
position of the lower element 10 is described hereinafter,

but it is plate-shaped having a front end section bent to
an approximate L shape in cross section by processing
a metal plate, and a screw thread section 10d into which
the connecting insertion section 12a is screwed is
formed in approximately the centre of the connecting
section 10a formed at the bent front end section thereof.
Moreover, a soldering piece 10b for soldering to the cir-
cuit board 21 is formed at the lower end of the lower
element 10.
[0025] Furthermore, the E-net element 11 is formed
so as to have an approximately rectangular radiating
surface, by processing a metal plate, a connecting piece
extending from approximately the centre of one edge
thereof being bent in a square U shape, and a holding
piece 11a being formed on the front end thereof. This
holding piece 11a is inserted into a cutaway window
formed in the upper portion of the main member of the
lower element 10, and it holds the lower element 10 on
either side thereof. By soldering the portion held in this
way, the E-net element 11 is affixed to the lower element
10 and also electrically connected thereto. As described
hereinafter, this E-net element 11 has an enlarged radi-
ating surface having an approximately rectangular
shape in order that it has virtually omnidirectional char-
acteristics in the horizontal plane. Furthermore, either
end section of the E net element 11 is bent slightly for-
wards, and both corner regions of the upper edge there-
of are cut away by processing. This is in order that the
E-net element 11 can be accommodated in a narrow ac-
commodating space formed by the rear face of the lower
element 10 and the side wall of the cover section 2. The
bending of the E-net element 11 and the removal of the
two corner regions thereof do not affect the directionality
characteristics thereof in the horizontal plane.
[0026] In the multi-frequency antenna 100 according
to the first embodiment of the present invention, by
means of the aforementioned composition, the separat-
ed D-net element 13 and D-net lower element 10 are
connected when the antenna element 1 is screwed into
the cover section 2. In other words, in the multi-frequen-
cy antenna 100 according to the first embodiment of the
present invention, as illustrated in Fig. 1, the D-net an-
tenna is an antenna which operates in a range from the
circuit board 21 to the lower end of the choke coil 14.
Moreover, the E-net antenna is an antenna which oper-
ates in a range from the circuit board 21 to the upper
end of the lower element 10. Moreover, the AM/FM band
antenna is an antenna which operates in the range from
the circuit board 21 to the antenna tip 32. However, it
does not resonate in the AM band.
[0027] Next, the detailed composition of the lower el-
ement 10 and the E-net element 11 in the multi-frequen-
cy antenna 100 in the first embodiment of the present
invention will be described with reference to Fig. 4 and
Fig. 5.
[0028] Fig. 4 shows the detailed composition of the
lower element 10: Fig. 4(a) is a front view of a lower
element 10; Fig. 4(b) is a side view thereof; Fig. 4(c) is
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a rear face view thereof; and Fig. 4(d) is a lower face
view thereof.
[0029] As illustrated in these diagrams, the lower el-
ement 10 has a plate shape, the front end section there-
of being bent to an approximate L shape in cross-sec-
tion, by processing a metal plate. The bent front end sec-
tion thereof is taken as a connecting section 10a, and a
screw thread section 10d into which the connecting in-
sertion section 12a is screwed is formed in the approx-
imate centre of this connecting section 10a. Further-
more, a taper is applied to the main piece 10c extending
downwards from the end of the connecting section 10a,
such that it has a narrower width at the lower end there-
of, and the upper portion thereof is bent slightly towards
to the rear side. A soldering piece 10b for soldering to
the circuit board 21 is formed at the lower end of the
main piece 10c. Moreover, a portion of the upper part of
the main piece 10c is cutaway to form cutaway window
10e.
[0030] Fig. 5 shows the detailed composition of the E-
net element 11: Fig. 5(a) is a front view of the E-net el-
ement 11; Fig. 5(b) is a side view thereof; and Fig. 5(c)
is a lower side view thereof.
[0031] As shown in these diagrams, the E-net ele-
ment 11 is formed having an enlarged radiating surface
having an approximately rectangular shape, by
processing a metal plate, end pieces 11d, lie on either
side being bent slightly forwards on the approximately
rectangular radiating surface, and both corner sections
of the upper edge thereof being cut away by processing.
Moreover, a connecting piece 11f and bent piece 11b
are formed by extending a portion from approximately
the centre of the upper edge of the element 11, and
bending it into a square U shape. A holding piece 11a
is formed by cutting one portion of the front edge of the
bent piece 11b
[0032] This holding piece 11a is inserted to sit either
side of the cutaway window 10e forming on the upper
portion of the main piece 10c of the lower element 10.
When thus held, the E-net element 11 can be affixed to
the lower element 10, and mutual electrical connection
can be established, by soldering the holding piece 11a
about the periphery of the cutaway window 10e. If the
bend angle of the central piece 11c with respect to the
connecting piece 11f is set to greater than 90° when the
E-net element 11 is affixed to the lower element 10, then
the lower element 10 and the centre piece 11c of the E-
net element 11 will be positioned approximately in par-
allel.
[0033] The multi-frequency antenna 100 according to
the first embodiment of the present invention operates
simultaneously as a four-frequency antenna for D-net
and E-net mobile phone bands, and an AM/FM band,
and furthermore, GPS signals can be received by
means of a separately provided GPS unit 23. In this
case, if no AM/FM band devices are provided and hence
the AM/FM antenna is obsolete, then it is possible to
accommodate only the D-net element 13, which is one

of the split elements, inside the antenna base section
30. In this way, the multi-frequency antenna 100 accord-
ing to the first embodiment of the present invention may
be a multi-frequency antenna that operates only in the
D-net and E-net by means of the antenna element 1. In
this case, naturally, the length of the antenna element 1
can be shorted accordingly.
[0034] Next, the composition of the D-net and E-net
antenna in the composition in Fig. 1 will be described,
by the following explanation of the theoretical composi-
tion of an antenna which is used as a multi-frequency
antenna operating only in the D-net and E-net in this
manner.
[0035] Fig. 6(a) shows the theoretical composition of
an antenna operating only in the D-net and E-net, relat-
ing to the multi-frequency antenna 100 according to the
first embodiment of the present invention.
[0036] As shown in Fig. 6(a), the split D-net antenna
is a linear antenna of length L1, comprising an upper
portion forming a D-net element 13, and a lower portion
forming a lower element 10 of length L2. Moreover, the
D-net antenna composed in this manner projects in a
slightly inclined manner at an angle of θ1 with respect
to the horizontal plane. An E-net element 11 having a
length L3 is connected to the region where the D-net
element 13 joins with the lower element 10. The E-net
element 11 is disposed approximately in parallel to the
lower element 10, separated therefrom by the length L4
of the connecting piece 11f described above. The front
end of this connecting piece 11f is connected to an in-
termediate part of the D-net antenna constituted by the
D-net element 13 and the lower element 10. The com-
position of the E-net element 11 is as illustrated in Fig.
5, and the approximate form thereof is illustrated in Figs.
6(b) and (c), the width of the rectangular shape forming
the enlarged radiating surface being taken as W1. The
lower end of the lower element 10 forms an electricity
supply point for the D-net antenna and the E-net ele-
ment 11, as illustrated in the diagrams.
[0037] The dimensions illustrated in Fig. 6, namely,
the length L1 of the D-net antenna constituted by the D-
net element 13 and lower element 10, the length L2 of
the lower element 10, the length L3 and width W1 of the
E-net element, and the interval L4 between the D-net
antenna and the E-net element 11, are determined ac-
cording to the frequency values of the first frequency
band for the D-net and the second frequency band for
the E-net, and the angle θ1 used. For example, if the
angle θ1 is approximately 76°, then the taking the wave-
length at the central frequency of the D-net 915 MHz as
λ1 (327.87 mm) and the wavelength at the central fre-
quency of the E-net 1795 MHz as λ2 (167.23 mm), the
length L1 of the D-net antenna can be taken as approx-
imately 0.202 λ1, the length L2 of the lower element 10
as approximately 0.136 λ2, the length L3 of the E-net
element 11 as approximately 0.102 λ2, the width W1
thereof as approximately 0.162 λ2, and the interval L4
between the D-net antenna and the E-net antenna 11,
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approximately 0.021 λ2.
[0038] Fig. 7 and Fig. 9 show impedance character-
istics for a multi-frequency antenna 100 according to the
first embodiment of the present invention as illustrated
in Fig. 1, when the aforementioned constants are used
for the dimensions of the lengths, width and interval of
the split D-net element 13 and lower element 10, and
the E-net element 11, whilst Fig. 8 and Fig. 10 show
VSWR characteristics for same.
[0039] Fig. 7 illustrates impedance characteristics for
the D-net 800 MHz band (870 MHz - 960 MHz), and an
impedance value of the order of 50 Ω is obtained for this
870 MHz - 960 MHz frequency band. 50 Ω is the imped-
ance value to be matched to. Moreover, Fig. 9 shows
impedance characteristics in the E-net 1.7 GHz band
(1710 MHz - 1880 MHz), and from the lower frequency
region to beyond the central frequency region of this
1710 MHz- 1880 MHz band, an impedance of the order
of 50 Ω is obtained.
[0040] Furthermore, Fig. 8 shows VSWR characteris-
tics for the D-net 800 MHz band (870 MHz - 960 MHz),
and a good VSWR value of approximately 1.8 or less is
achieved in this 870 MHz - 960 MHz frequency band.
Fig. 10 shows VSWR characteristics for the E-net 1.7
GHz band (1710 MHz - 1880 MHz), and a VSWR value
of approximately 2.0 or less is achieved in this 1710 MHz
- 1880 MHz frequency band, and in particular, a good
VSWR value of approximately 1.5 or lower is' obtained
from the lower frequency region to beyond the central
frequency region of this band. In this case, even if the
E-net element 11 is removed, the characteristics of the
D-net antenna comprising the D-net element 13 and the
lower element 10 are not significantly altered, and hence
the D-net antenna and the E-net antenna are able to
operate independently of each other. At present, the op-
erational principles thereof are not certain.
[0041] Next, Fig. 11 to Fig. 14 show directionality
characteristics within a horizontal plane for a multi-fre-
quency antenna 100 according to the first embodiment
of the present invention as illustrated in Fig. 1, in a case
where the aforementioned constants are used for the
dimensions of the lengths, width and interval of the D-
net element 13, lower element 10 and E-net element 11.
[0042] Fig. 11(a) is a diagram illustrating a measure-
ment state of the multi-frequency antenna 100 posi-
tioned on a ground plane 50 of sufficient surface area,
and showing references angle in the horizontal direc-
tion, which correspond to the angles of the directionality
characteristics in the horizontal plane described herein-
after.
[0043] Fig. 11(b) illustrates the directionality charac-
teristics in the horizontal plane of a multi-frequency an-
tenna 100 at the lowest frequency f = 870 MHz of the
D-net frequency band. As shown in this diagram, virtu-
ally omnidirectional characteristics are obtained. In this
case, the gain of the multi-frequency antenna 100 is ap-
proximately +0.94 dB compared to a λ/4 whip antenna.
[0044] Fig. 12(a) shows directionality characteristics

in a horizontal plane of a multi-frequency antenna 100
at the middle frequency f = 915 MHz of the D-net fre-
quency band. As shown in this diagram, virtually omni-
directional characteristics are obtained. In this case, the
gain of the multi-frequency antenna 100 is approximate-
ly + 0.5 dB compared to a λ/4 whip antenna.
[0045] Fig. 12(b) shows directionality characteristics
in a horizontal plane of a multi-frequency antenna 100
at the highest frequency f = 960 MHz of the D-net fre-
quency band. As shown in the diagram, although the
level declines slightly in the -30° direction, virtually om-
nidirectional characteristics are obtained. In this case,
the gain of the multi-frequency antenna 100 is approxi-
mately + 0.35 dB compared to a λ/4 whip antenna.
[0046] Fig. 13(a) shows directionality characteristics
in a horizontal plane for a multi-frequency antenna 100
at the lowest frequency f = 1710 MHz of the E-net fre-
quency band. As this diagram shows, although the level
is lower than the D-net, virtually omnidirectional charac-
teristics are obtained. In this case, the gain of the multi-
frequency antenna 100 is approximately - 0.8 dB com-
pared to a λ/4 whip antenna.
[0047] Fig. 13(b) shows directionality characteristics
in a horizontal plane for a multi-frequency antenna 100
at the middle frequency f = 1795 MHz of the E-net fre-
quency band. As shown in this diagram, virtually omni-
directional characteristics are obtained. In this case, the
gain of the multi-frequency antenna 100 is approximate-
ly - 0.6 dB compared to a λ/4 whip antenna.
[0048] Fig. 14 shows directionality characteristics in
a horizontal plane for a multi-frequency antenna 100 at
the highest frequency f = 1880 MHz of the E-net fre-
quency band. As this diagram shows, almost the same
level is achieved as for the D-net, and virtually omnidi-
rectional characteristics are obtained. In this case, the
gain of the multi-frequency antenna 100 is approximate-
ly + 0.3 dB compared to a λ/4 whip antenna.
[0049] Next, Fig. 16 to Fig. 18 show directionality
characteristics in a vertical plane of a perpendicularly
standing multi-frequency antenna 100, in a case where
the aforementioned constants are used for the dimen-
sions of the lengths, width and interval of the D-net el-
ement 13, lower element 10 and E-net element 11 in a
multi-frequency antenna 100 according to the first em-
bodiment of the present invention illustrated in Fig. 1.
Furthermore, Fig. 15 is a diagram illustrating a meas-
urement state of the multi-frequency antenna 100 posi-
tioned perpendicularly with respect to a ground plane
50 of sufficient surface area, and showing reference an-
gles in the vertical direction, which correspond to the
angles of the directionality characteristics in the vertical
plane described hereinafter.
[0050] Fig. 16(a) shows directionality characteristics
in a vertical plane for a multi-frequency antenna 100 at
the lowest frequency f = 870 MHz of the D-net frequency
band. As shown in this diagram, good directionality
characteristics are obtained, having a maximum level at
an angle of elevation of approximately ±60°. In this
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case, the gain of the multi-frequency antenna 100 is ap-
proximately + 1.65 dB compared to a dipole antenna.
[0051] Fig. 16(b) shows directionality characteristics
in a horizontal plane for a multi-frequency antenna 100
at the middle frequency f = 915 MHz of the D-net fre-
quency band. As shown in this diagram, good direction-
ality characteristics are obtained, having a maximum
level at an angle of elevation of approximately ±60°. In
this case, the gain of the multi-frequency antenna 100
is approximately + 0.55 dB compared to a dipole anten-
na.
[0052] Fig. 17(a) shows directionality characteristics
in a horizontal plane for a multi-frequency antenna 100
at the highest frequency f = 960 MHz of the D-net fre-
quency band. As shown in this diagram, good direction-
ality characteristics are obtained, having a maximum
level at an angle of elevation of approximately ±60°. In
this case, the gain of the multi-frequency antenna 100
is approximately + 1.1 dB compared to a dipole antenna.
[0053] Fig. 17(b) shows directionality characteristics
in a horizontal plane for a multi-frequency antenna 100
at the lowest frequency f = 1710 MHz of the E-net fre-
quency band. As shown in this diagram, although the
main beam width is narrower than for the D-net, good
directionality characteristics are obtained, having a
maximum level at an angle of elevation of approximately
±60°. In this case, the gain of the multi-frequency an-
tenna 100 is approximately + 3.98 dB compared to a
dipole antenna.
[0054] Fig. 18(a) shows directionality characteristics
in a horizontal plane for a multi-frequency antenna 100
at the middle frequency f = 1795 MHz of the E-net fre-
quency band. As shown in this diagram, good direction-
ality characteristics are obtained, having a maximum
level at an angle of elevation of approximately ±60°. In
this case, the gain of the multi-frequency antenna 100
is approximately + 0.04 dB compared to a dipole anten-
na.
[0055] Fig. 18(b) shows directionality characteristics
in a horizontal plane for a multi-frequency antenna 100
at the highest frequency f = 1880 MHz of the E-net fre-
quency band. As shown in this diagram, good direction-
ality characteristics are obtained, having a maximum
level at an angle of elevation of approximately +70° and
-65°. In this case, the gain of the multi-frequency anten-
na 100 is approximately + 2.65 dB compared to a dipole
antenna.
[0056] Next, Fig. 20 to Fig. 23 show directionality
characteristics in a vertical plane of an inclined multi-
frequency antenna 100, in a case where the aforemen-
tioned constants are used for the dimensions of the
lengths, width and interval of the D-net element 13, low-
er element 10 and E-net element 11 in a multi-frequency
antenna 100 according to the first embodiment of the
present invention illustrated in Fig. 1. Furthermore, Fig.
19 is a diagram illustrating a measurement state of the
multi-frequency antenna 100 positioned in an inclined
position with respect to a ground plane 50 of sufficient

surface area, and showing reference angles in the ver-
tical direction, which correspond to the angles of the di-
rectionality characteristics in the vertical plane de-
scribed hereinafter.
[0057] Fig. 20 shows directionality characteristics in
a vertical plane for a multi-frequency antenna 100 at the
lowest frequency f = 870 MHz of the D-net frequency
band. As shown in this diagram, although there is a
slight level disparity between the plus angle direction
and the minus angle direction, good directionality char-
acteristics are obtained, having a maximum level at an
angle of elevation of approximately ±60°. In this case,
the gain of the multi-frequency antenna 100 is approxi-
mately + 1.67 dB compared to a dipole antenna.
[0058] Fig. 21(a) shows directionality characteristics
in a horizontal plane for a multi-frequency antenna 100
at the middle frequency f = 915 MHz of the D-net fre-
quency band. As shown in this diagram, although there
is a slight level disparity between the plus angle direction
and the minus angle direction, good directionality char-
acteristics are obtained, having a maximum level at an
angle of elevation of approximately ±60°. In this case,
the gain of the multi-frequency antenna 100 is approxi-
mately + 0.47 dB compared to a dipole antenna.
[0059] Fig. 21(b) shows directionality characteristics
in a horizontal plane for a multi-frequency antenna 100
at the highest frequency f = 960 MHz of the D-net fre-
quency band. As shown in this diagram, good direction-
ality characteristics are obtained, having a maximum
level at an angle of elevation of approximately ±60°. In
this case, the gain of the multi-frequency antenna 100
is approximately + 1.64 dB compared to a dipole anten-
na.
[0060] Fig. 22(a) shows directionality characteristics
in a horizontal plane for a multi-frequency antenna 100
at the lowest frequency f = 1710 MHz of the E-net fre-
quency band. As shown in this diagram, although there
is a slight disparity in directionality characteristics be-
tween the plus angle direction and the minus angle di-
rection, good directionality characteristics are obtained,
having a maximum level at an angle of elevation of ap-
proximately ±60°. In this case, the gain of the multi-fre-
quency antenna 100 is approximately + 4.07 dB com-
pared to a dipole antenna.
[0061] Fig. 22(b) shows directionality characteristics
in a horizontal plane for a multi-frequency antenna 100
at the middle frequency f = 1795 MHz of the E-net fre-
quency band. As shown in this diagram, although there
is a slight disparity in directionality characteristics be-
tween the plus angle direction and the minus angle di-
rection, good directionality characteristics are obtained,
having a maximum level at an angle of elevation of ap-
proximately ±60°. In this case, the gain of the multi-fre-
quency antenna 100 is approximately + 2.44 dB com-
pared to a dipole antenna.
[0062] Fig. 23 shows directionality characteristics in
a horizontal plane for a multi-frequency antenna 100 at
the highest frequency f = 1880 MHz of the E-net fre-

13 14



EP 1 187 253 A1

9

5

10

15

20

25

30

35

40

45

50

55

quency band. As shown in this diagram, good direction-
ality characteristics are obtained, having a maximum
level at an angle of elevation of approximately +75° and
-65°. In this case, the gain of the multi-frequency anten-
na 100 is approximately + 4.46 dB compared to a dipole
antenna.
[0063] As can be seen from the directionality charac-
teristics in the vertical plane illustrated in Fig. 16 to Fig.
23, even if it is supposed that the antenna element 1 is
inclined to approximately 76°, the directionality charac-
teristics of the antenna in the vertical plane are such that
it radiates in all directions, having a good angle of ele-
vation of approximately ±60°. Moreover, the direction-
ality characteristics in the horizontal plane are virtually
omnidirectional characteristics, as illustrated in Fig. 11
to Fig. 14. Thereby, the multi-frequency antenna 100 ac-
cording to the first embodiment of the present invention
can be used suitably as an antenna operating in mobile
phone bands.
[0064] Next, Fig. 24 and Fig. 25 illustrate a second
embodiment of a multi-frequency antenna according to
the present invention.
[0065] In this multi-frequency antenna 200 according
to the second embodiment of the present invention, as
illustrated in these diagrams, the antenna element 201
is inclined to a greater degree than the antenna element
1 according to the first embodiment. The angle of this
inclination is, for example, approximately 50°. The com-
position of the multi-frequency antenna 200 according
to the second embodiment of the present invention has
the same composition as the multi-frequency antenna
100 according to the first embodiment, except for the
inclination thereof, and hence the inclined composition
thereof is described below.
[0066] As shown in Fig. 24, the antenna element 201
stands at an angle of inclination of approximately 50°
with respect to the horizontal plane, for example. This
inclination is achieved by inclining the metal screw re-
ceiving section 202a formed as an insert of the cover
section 202, when it is fixed into the cover section 202.
In other words, the composition of the antenna element
201 is similar to that of the antenna element 1. However,
the length of the D-net element 213 is different to that
of the D-net element 13. In this way, the composition of
the cover section 202 differs from the composition of the
cover section 2, and the composition of the lower ele-
ment 210 and the E-net element 211 accommodated in-
side the cover section 202 are also different.
[0067] Fig. 26 shows the composition of a lower ele-
ment 210 and E-net element 211 in a multi-frequency
antenna 200 according to the second embodiment of the
present invention. The detailed composition of the lower
element 210 is described hereinafter, but it is plate-
shaped having a front end section bent to an approxi-
mate L shape in cross section by processing a metal
plate, and a screw thread section 210d into which a con-
necting insertion section 212a is screwed is formed in
approximately the centre of a connecting section 210a

formed at the bent front end section thereof. Moreover,
a soldering piece 210b for soldering to a circuit board
221 is formed at the lower end of the lower element 210.
[0068] Furthermore, although the detailed description
thereof is described below, the E-net element 211 is
formed so as to have an approximately rectangular ra-
diating surface, by processing a metal plate, a connect-
ing piece extending from approximately the centre of
one edge thereof being bent in a square U shape, and
a holding piece 211a being formed on the front end
thereof. This holding piece 211a is inserted into a cuta-
way window formed in the upper portion of the main
member of the lower element 210, and it holds the lower
element 210 on either side thereof. By soldering the por-
tion held in this way, the E-net element 211 is affixed to
the lower element 210 and also electrically connected
thereto. As described hereinafter, this E-net element
211 has an enlarged radiating surface having an approx-
imately rectangular shape in order that it has virtually
omnidirectional characteristics in the horizontal plane.
Furthermore, either end section of the E net element 211
is bent slightly forwards, and both corner regions of the
upper edge thereof are cut away by processing. This is
in order that the E-net element 211 can be accommo-
dated in a narrow accommodating space formed by the
rear face of the lower element 210 and the side wall of
the cover section 202. The bending of the E-net element
211 and the removal of the two corner regions thereof
do not affect the directionality characteristics thereof in
the horizontal plane.
[0069] In the multi-frequency antenna 200 according
to the second embodiment of the present invention, by
means of the aforementioned composition, the separat-
ed D-net element 213 and D-net lower element 210 are
connected when the antenna element 201 is screwed
into the cover section 202. In other words, in the multi-
frequency antenna 200 according to the second embod-
iment of the present invention, the D-net antenna is an
antenna which operates in a range from the circuit board
221 to the lower end of the choke coil 214. Moreover,
the E-net antenna is an antenna which operates in a
range from the circuit board 221 to the upper end of the
lower element 210. Moreover, the AM/FM band antenna
is an antenna which operates in the range from the cir-
cuit board 221 to the antenna tip 322. However, it does
not resonate in the AM band.
[0070] Next, the detailed composition of the lower el-
ement 210 and the E-net element 211 in the multi-fre-
quency antenna 200 of the second embodiment of the
present invention will be described with reference to Fig.
27 and Fig. 28.
[0071] Fig. 27 shows the detailed composition of the
lower element 210: Fig. 27(a) is a front view of the lower
element 210; Fig. 27(b) is a side view thereof; Fig. 27
(c) is a rear face view thereof; and Fig. 27(d) is a lower
face view thereof.
[0072] As illustrated in these diagrams, the lower el-
ement 210 has a plate shape, the front end section
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thereof being bent to an approximate L shape in cross-
section, by processing a metal plate. The bent front end
section thereof is taken as a connecting section 210a,
and a screw thread section 210d into which the connect-
ing insertion section 212a is screwed is formed in the
approximate centre of this connecting section 210a.
Furthermore, a taper is applied to the main piece 210c
extending downwards from the end of the connecting
section 210a, such that it has a narrower width at the
lower end thereof, and the upper portion thereof is bent
slightly towards to the rear side. A soldering piece 210b
for soldering to the circuit board 221 is formed at the
lower end of the main piece 210c. Moreover, a portion
of the upper part of the main piece 210c is cutaway to
form cutaway window 210e. The length of the lower el-
ement 210 is formed slightly longer than the lower ele-
ment 10.
[0073] Fig. 28 shows the detailed composition of the
E-net element 211: Fig. 28(a) is a front view of the E-net
element 211; Fig. 28(b) is a side view thereof; and Fig.
28(c) is a bottom view thereof.
[0074] As shown in these diagrams, the E-net ele-
ment 211 is formed having an enlarged radiating surface
having an approximately rectangular shape, by
processing a metal plate, end pieces 211d, 211e on ei-
ther side being bent slightly forwards on the approxi-
mately rectangular radiating surface, and both corner
sections of the upper edge thereof being cut away by
processing. Moreover, a connecting piece 211f and bent
piece 211b are formed by extending a portion from ap-
proximately the centre of the upper edge of the element
211, and bending it into a square U shape. A holding
piece 211a is formed by cutting one portion of the front
edge of the bent piece 211b.
[0075] This holding piece 211a is inserted to sit either
side of the cutaway window 210e forming on the upper
portion of the main piece 210c of the lower element 210.
When thus held, the E-net element 211 can be affixed
to the lower element 210, and mutual electrical connec-
tion therebetween can be established, by soldering the
holding piece 211a about the periphery of the cutaway
window 210e. If the bend angle of the central piece 211c
with respect to the connecting piece 211f is set to greater
than 90° when the E-net element 211 is affixed to the
lower element 210, then the lower element 210 and the
centre piece 211c of the E-net element 211 will be posi-
tioned approximately in parallel, as illustrated in Fig. 26.
[0076] The multi-frequency antenna 200 according to
the first embodiment of the present invention operates
simultaneously as a four-frequency antenna for D-net
and E-net mobile phone bands, and an AM/FM band,
and furthermore, GPS signals can be received by
means of a separately provided GPS unit 223. In this
case, if no AM/FM band devices are provided and hence
the AM/FM antenna is obsolete, then it is possible to
accommodate only the D-net element 213, which is one
of the split elements, inside the antenna base section
230. In this way, the multi-frequency antenna 200 ac-

cording to the second embodiment of the present inven-
tion may be a multi-frequency antenna that operates on-
ly in the D-net and E-net by means of the antenna ele-
ment 201. In this case, naturally, the length of the an-
tenna element 201 can be shorted accordingly.
[0077] Next, the composition of the D-net and E-net
antenna in the composition in Fig. 24 will be described,
by the following explanation of the basic composition
principles of an antenna which is used as a multi-fre-
quency antenna operating only in the D-net and E-net
in this manner.
[0078] Fig. 29(a) shows the basic composition of an
antenna operating in the D-net and E-net, relating to a
multi-frequency antenna 200 according to the second
embodiment of the present invention.
[0079] As shown in Fig. 29(a), the split D-net antenna
is a linear antenna of length L11, comprising an upper
portion forming a D-net element 213, and a lower portion
forming a lower element 210 of length L12. Moreover,
the D-net antenna composed in this manner projects in
a slightly inclined manner at an angle of θ2 with respect
to the horizontal plane. An E-net element 211 having a
length L13 is connected to the region where the D-net
element 213 joins with the lower element 210. The E-
net element 211 is disposed approximately in parallel to
the lower element 210, separated therefrom by the
length L14 of the connecting piece 211f described
above. The front end of this connecting piece 211f is
connected to an intermediate part of the D-net antenna
constituted by the D-net element 213 and the lower el-
ement 210. The composition of the E-net element 211
is as illustrated in Fig. 28, and the approximate form
thereof is illustrated in Figs. 29(b) and (c), the width of
the rectangular shape forming the enlarged radiating
surface being taken as W2. The lower end of the lower
element 210 forms an electricity supply point for the D-
net antenna and the E-net element 211, as illustrated in
the diagrams.
[0080] The dimensions illustrated in Fig. 29, namely,
the length L11 of the D-net antenna constituted by the
D-net element 213 and lower element 210, the length
L12 of the lower element 210, the length L13 and width
W1 of the E-net element 211, and the interval L14 be-
tween the D-net antenna and the E-net element 211, are
determined according to the frequency values of the first
frequency band for the D-net and the second frequency
band for the E-net, and the angle θ2 used. For example,
if the angle θ2 is approximately 50°, then the taking the
wavelength at the central frequency of the D-net 915
MHz as λ1 (327.87 mm) and the wavelength at the cen-
tral frequency of the E-net 1795 MHz as λ2 (167.23
mm), the length L11 of the D-net antenna can be taken
as approximately 0.221 λ1, the length L12 of the lower
element 210 as approximately 0.174 λ2, the length L13
of the E-net element 211 as approximately 0.120 λ2, the
width W2 thereof as approximately 0.149 λ2, and the
interval L14 between the D-net antenna and the E-net
element 211, approximately 0.015 λ2.
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[0081] The interval L14 is small, as described above,
because the accommodation space inside the cover
section 202 is narrow, and since this accommodation
space is narrow, the width W2 of the E-net element 211
is also small, and the bend angle of the end pieces 211d,
211e becomes tighter. However, the length of the D-net
antenna and the E-net element 211 becomes greater.
[0082] The multi-frequency antenna 200 of the sec-
ond embodiment according to the present invention as
illustrated in Fig. 24, has virtually the same characteris-
tics as the multi-frequency antenna 100 relating to the
first embodiment, in terms of the impedance character-
istics and VSWR characteristics of the multi-frequency
antenna 200 in the D-net and E-net frequency bands,
taking the aforementioned constants for the dimensions
of the lengths, width and interval of the D-net element
213, lower element 210 and E-net element 211. More-
over, the directionality characteristics in the horizontal
plane and the directionality characteristics in the vertical
plane of the multi-frequency antenna 200 in the D-net
and E-net frequency bands in this case are virtually the
same as the directionality characteristics of the multi-
frequency antenna 100 relating to the first embodiment.
[0083] In the first embodiment and second embodi-
ment of the multi-frequency antenna according to the
present invention described above, the E-net elements
11, 211 are formed in such a manner that they have an
extended radiating surface having an approximately
rectangular shape. This is in order that the directionality
characteristics in the horizontal plane are virtually om-
nidirectional, but if omnidirectional characteristics are
not required in the horizontal plane, then the E-net ele-
ments 11, 211 made be formed with a narrow width.
Moreover, if the widths of the E-net elements 11, 211 are
taken as approximately 0.12 λ2, or above, then virtually
omnidirectional characteristics are obtained in the hori-
zontal plane.
[0084] In the multi-frequency antenna according to
the present invention, a second antenna forming an E-
net antenna, for example, if connected to the intermedi-
ate portion of a first antenna forming a D-net antenna,
for example. It is inferred that the fact that the two an-
tennas operate without causing mutual adverse effects
when composed in this manner is related to the fact that
the second antenna operates in a frequency band ap-
proximately twice as high as the frequency band in
which the first antenna operates.

INDUSTRIAL APPLICABILITY

[0085] Since the present invention is composed in the
foregoing manner, a second element having an extend-
ed rectangular radiating surface operating in a second
frequency band which is higher than a first frequency
band is connected at an intermediate region of a first
element operating at the first frequency band. By adopt-
ing this composition, although the operational principles
are not evident, the antennas are able to operate inde-

pendently without mutual adverse effects, even across
a first frequency band and a second frequency band
covering a broad frequency band such as mobile phone
bands. Since the radiating surface of the second ele-
ment is extended, it is possible to achieve omnidirec-
tional characteristics in the horizontal plane.
[0086] In this case, the first element used for a low
frequency band is split into two, the split lower element
being accommodated inside a cover section, whilst a
second element is also accommodated inside the cover
section, whereby a compact multi-frequency antenna
can be achieved. It is also possible to accommodate a
circuit board incorporating a frequency divider, and the
like, in the space inside the cover section.
[0087] Moreover, by providing a element operating in
a very low frequency band, such as an AM/FM band, via
a choke coil at the upper end of the first element, it is
possible to achieve a multi-frequency antenna operating
at three or more frequencies. Furthermore, if a GPS an-
tenna unit is provided in the accommodating space in-
side the cover, it is possible to receive GPS signals, with-
out affecting the other antennas.

Claims

1. A multi-frequency antenna characterized in that it
comprises:

a first element operating in a first frequency
band; and
a second element having a rectangular extend-
ed radiating surface, operating in a second fre-
quency band which is higher than said first fre-
quency band.

2. The multi-frequency antenna according to claim 1,
characterized in that said first frequency band is
taken as a first mobile radio band, and said second
frequency band is taken as a second mobile radio
band, being a frequency band approximately twice
as high as said first mobile radio band.

3. The multi-frequency antenna according to claim 1,
characterized in that said multi-frequency anten-
na comprises:

an upper element of said first element that is
split in two; and
a cover section provided with an connecting
section to which said upper element is mounted
detachably and with an installing section for in-
stalling same onto an installation receiving ob-
ject;
the other, lower element of said split first ele-
ment provided between said connecting sec-
tion and a power supply section, and said sec-
ond element connected to said upper portion of
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said second lower element, being accommo-
dated inside said cover section, and said upper
element and said lower element are mutually
connected by mounting said upper element on-
to said connecting section.

4. The multi-frequency antenna according to claim 3,
characterized in that a third element operating in
a much lower frequency band than said first fre-
quency band is provided at the top end of said upper
element, via a choke coil.

5. The multi-frequency antenna according to claim 3,
characterized in that a GPS antenna unit is also
provided inside said cover section.

6. The multi-frequency antenna according to claim 4,
characterized in that a GPS antenna unit is also
provided inside said cover section.

Amended claims under Art. 19.1 PCT

1. (deleted)

2. (deleted)

3. (amended) A multi-frequency antenna compris-
ing a first element operating in a first frequency
band and a second element, connected to an inter-
mediate region of said first element, having a rec-
tangular extended radiating surface and operating
in a second frequency band which is higher than
said first frequency band; characterized in that it
comprises:

an upper element of said first element, said first
element being split into two elements; and
a cover section provided with a connecting sec-
tion onto which said upper element can be in-
stalled detachably, and an installing section for
installing same onto an installation receiving
object;
the other, lower element of said split first ele-
ment provided between said connecting sec-
tion and a power supply section, and said sec-
ond element connected to said upper element,
being accommodated inside said cover sec-
tion, and said upper element and said lower el-
ement being mutually connected by installing
said upper element onto said connecting sec-
tion.

4. The multi-frequency antenna according to claim
3, characterized in that a third element operating
in a much lower frequency band than said first fre-
quency band is provided at the top end of said upper
element, via a choke coil.

5. The multi-frequency antenna according to claim
3, characterized in that a GPS antenna unit is also
provided inside said cover section.

6. The multi-frequency antenna according to claim
4, characterized in that a GPS antenna unit is also
provided inside said cover section.
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