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Description

�[0001] The present invention relates to an antenna de-
vice used in a mobile communication system such as a
PHS or the like, and a radio apparatus having the antenna
device built therein.
�[0002] Heretofore, a high gain was required of an an-
tenna device used in a radio base station apparatus or
fixed radio terminal apparatus in a mobile communication
system such as PHS or the like. Therefore, a multistage
collinear array antenna was used, for example, as shown
in JP-�A-�5-267932, JP-�A-�9-232851 and JP-�A- �8-139521.
In the antenna of this type, antennas non- �directional in
a horizontal plane with respect to vertically polarized
wave were arranged multistageously vertically to narrow
directivity in a vertical plane to thereby secure a high gain.
�[0003] An end-�fire array antenna represented by a Ya-
gi antenna or a reflector-�containing dipole antenna was
also used, for example, as shown in JP-�A- �5-259733 and
JP-�A-�8-304433. In the antenna of this type, passive ele-
ments were arranged in parallel to the direction of main
radiation to thereby secure a high gain.
�[0004] A broadside array antenna represented by a
patch array antenna was further used, for example, as
shown in JP-�A- �6-334434. In the antenna of this type, a
plurality of antennas were arranged in a plane perpen-
dicular to the direction of main radiation to perform dis-
tributive feeding to thereby secure a high gain.
�[0005] A low-�profile antenna represented by a reflec-
tor-�containing loop antenna or a slot antenna was further
used, for example, as shown in JP-�A-�6-268432 and JP-
U-�6-44219.
�[0006] On the other hand, an antenna formed from two
one-�wavelength antennas arranged into the form of a
square or a circle, for example; as shown in "Antenna
Handbook".�(CQ Publication Co., Ltd.) p.�366 is known as
a broadside array antenna mainly used in a VHF band.
�[0007] In the aforementioned conventional multista-
geous collinear array antenna, it was however necessary
to arrange a large number of antennas vertically multi-
stageously in order to secure a high gain. For example,
a height of about 1 m was needed to obtain a gain of
10dB in a 1900MHz band. Hence, there was a problem
in making sure of the antenna-�setting space and mechan-
ical strength. Further, the antenna of this type was un-
suitable for being built in a radio apparatus because of
its height.
�[0008] Further, in the aforementioned conventional
end-�fire array antenna, it was necessary to arrange a
large number of antennas in the direction of main radia-
tion in order to secure a high gain. Hence, there was a
problem in making sure of the antenna-�setting space and
mechanical strength. Further, the antenna of this type
was unsuitable for being built in a radio apparatus be-
cause of its structure.
�[0009] Further, in the conventional broadside array an-
tenna, it was necessary to arrange a large number of
antennas in a plane perpendicular to the direction of main

radiation in order to secure a high gain. Hence, the total
area of the antenna increased, so that there was a prob-
lem in making sure of the antenna-�setting space and me-
chanical strength. Further, the antenna of this type was
unsuitable for being built in a radio apparatus because
of its large area.
�[0010] In addition, although the conventional low-�pro-
file antenna was formed in a small-�size low- �profile con-
figuration, there was a problem that the radiation direc-
tivity could not be optimized to provide desired charac-
teristic.
�[0011] In the aforementioned antenna formed from two
one-�wavelength antennas arranged into the form of a
square or a circle, only the radiation directivity in a pre-
determined vertical plane and in a predetermined hori-
zontal plane could be obtained, and there was a problem
that the radiation directivity could not be optimized to pro-
vide desired characteristic.
�[0012] US-�A-�2 207 781 describes an antenna device
comprising two one-�wavelength antenna elements op-
posite to one another, which are bent symmetrically at a
given angle in a center, such that these antenna elements
are arranged diamond-�wise, the feeding portion being
disposed at one of the ends of both antenna elements,
whereas the other ends are open, and wherein the given
angle can be determined in order to achieve a preferred
radiation directivity.
�[0013] John D. Kraus. "Antennas! 1988, MACGRAW-
HILL, second edition, pages 509 to 510, describes
Chireix- �Mesny type antennas, in which diamond- �shaped
antennas, wherein the length of an edge of the diamond
edge is set to � wavelength, are connected to each other
in a parallel manner, and the power supply is connected
to the center portion. �
The above mentioned objects for an antenna device are
achieved by the features of the independent claims.
�[0014] The present invention is designed to solve the
conventional various problems generally and it is an ob-
ject of the present invention to provide an antenna device
in which the optimal radiation directivity can be obtained
in the broadside array antenna having two one-�wave-
length antennas, in which a high gain and a high function
can be obtained with a simple configuration and which
can be used as a small- �size low-�profile antenna for a
mobile communication system in UHF and sub-�micro
wave bands.
�[0015] The invention is defined by the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0016]

Fig. 1 is a view showing the configuration of an an-
tenna device according to a first example useful for
understanding the present invention;
Fig. 2 is a typical view for explaining the operation
of the antenna device shown in Fig. 1;

1 2 



EP 1 150 381 B1

3

5

10

15

20

25

30

35

40

45

50

55

Fig. 3 is a graph showing the radiation pattern in a
horizontal plane of the antenna device shown in Fig.
1;
Fig. 4 is a graph showing the radiation pattern in a
vertical plane of the antenna device shown in Fig. 1;
and
Figs. 5 to 14 are views showing the configurations
of antenna devices according to other examples use-
ful for understanding the present invention respec-
tively.
Fig. 15 to 18 are views showing different configura-
tions of antenna devices in which the embodiments
of FIG. 16 - 18 lack to show the switches which are
essential for the invention.

BEST MODE FOR CARRYING OUT THE INVENTION

�[0017] An antenna device useful for understanding the
invention comprises a first one-�wavelength antenna el-
ement bent at an angle alpha in the center of the first
antenna element, and a second one-�wavelength antenna
element bent at an angle alpha in the center of the second
antenna element, wherein the first and second antenna
elements are arranged in diamond- �wise opposition to
each other, wherein a feeding portion is disposed at one-
ends of the first and second antenna elements, wherein
the other-�ends of the first and second antenna elements
are opened, and wherein the angle alpha is selected to
be an optimal angle. Hence, optimal radiation directivity
can be obtained with a simple planar configuration.
Hence, there is an effect in which an antenna device hav-
ing a high gain can be obtained.
�[0018] An antenna device useful for understanding the
invention is configured so that a plurality of other first and
second antenna elements are connected to forward ends
of the first- �mentioned first and second antenna elements.
Hence, optimal radiation directivity improved in gain in
the direction of main radiation can be obtained with a
simple planar configuration. Hence, there is an effect in
which an antenna device having a high gain can be ob-
tained.
�[0019] An antenna device useful for understanding the
invention is configured so that the angle alpha of bending
in the center of each of the first and second antenna
elements is selected to be an angle at which optimal ra-
diation directivity can be obtained. Hence, optimal radi-
ation directivity can be obtained with a simple planar con-
figuration. Hence, there is an effect in which an antenna
device having a high gain can be obtained.
�[0020] An antenna device useful for understanding the
invention is configured so that a plurality of antenna de-
vices defined in Claim 1 are connected in parallel with
each other at the feeding portion. Hence, there is an effect
in which an antenna device having a higher gain can be
obtained with a simple planar configuration.
�[0021] An antenna device useful for understanding the
invention is configured so that the angle alpha of bending
in the center of each of the first and second antenna

elements is selected to be an angle at which optimal ra-
diation directivity can be obtained. Also in the case where
a plurality of antenna devices are connected in parallel
with each other at a feeding point, optimal radiation di-
rectivity can be obtained with a small- �size and simple
planar configuration. Hence, there is an effect in which
an antenna device having a high gain can be obtained.
�[0022] An antenna device useful for understanding the
invention is configured so that the first and second an-
tenna elements are formed by a print pattern formed on
a dielectric substrate. Also in the case where antenna
elements are formed by a print pattern, desired radiation
directivity can be obtained with a small- �size and simple
planar configuration. Hence, there is an effect in which
an antenna device having a high gain can be obtained.
�[0023] Another antenna device useful for understand-
ing the invention is configured so that the plurality of other
first and second antenna elements are connected to the
first-�mentioned first and second antenna elements re-
spectively through transmission lines each having a fixed
electrical length. Hence, the total length of the antenna
can be elongated to a desired value in the Y-�plane direc-
tion, so that desired radiation directivity can be obtained.
Hence, there is an effect in which an antenna device hav-
ing a high gain can be obtained.
�[0024] Another antenna device useful for understand-
ing the invention is configured so that two pairs of the
first to the fourth antenna devices defined above are ar-
ranged in such a manner that the directions of main po-
larization crossing perpendicularly to each other and the
two pairs of antenna devices are fed with phase differ-
ences of 90 degrees from each other. Hence, desired
radiation directivity can be obtained with a simple planar
configuration. Hence, there is an effect in which an an-
tenna device to achieve a circular polarization antenna
having a high gain can be obtained.
�[0025] Another antenna device useful for understand-
ing the invention is configured so that the sixth antenna
device defined above is formed by print patterns dis-
posed on opposite surfaces of a dielectric substrate. Also
in the case where two pairs of antenna devices are
formed by print patterns with the directions of main po-
larization crossing perpendicularly to each other, desired
radiation directivity can be obtained with a small-�size and
simple planar configuration. Hence, there is an effect in
which an antenna device to achieve a circular polariza-
tion antenna having a high gain can be obtained.
�[0026] Another antenna device useful for understand-
ing the invention is configured so that the fourth and fifth
antenna devices defined above are arranged in such a
manner that the directions of main polarization cross per-
pendicularly to each other, and the plurality of antenna
devices are fed with phase differences of 90 degrees
from each other. Hence, desired radiation directivity can
be obtained with a simple planar configuration. Hence,
there is an effect in which an antenna device to achieve
a circular polarization antenna having a high gain can be
obtained.
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�[0027] Another antenna device useful for understand-
ing the invention is configured so that a reflection plate
is provided in proximity to the antenna elements. Hence,
desired radiation directivity can be obtained with a simple
planar configuration. Hence, there is an effect in which
an antenna device having a higher gain can be obtained.
�[0028] Another antenna device useful for understand-
ing the invention is configured so that a plurality of pas-
sive elements are provided in proximity to the antenna
elements. Hence, desired radiation directivity can be ob-
tained with a simple planar configuration. Hence, there
is an effect in which an antenna device having a high
gain can be obtained.
�[0029] Another antenna device useful for understand-
ing the invention is configured so that antenna devices
defined are arranged as a radiator and a reflector, and a
plurality of wave directors which are similar in shape to
the antenna devices are arranged in the directions of
main radiation. Hence, desired radiation directivity can
be obtained with a simple configuration. Hence, there is
an effect in which an antenna device having a higher gain
can be obtained.
�[0030] An antenna device described in examples use-
ful for understanding the invention is configured so that
the first to sixtth antenna devices as defined above are
arranged in such a manner that the directions of main
polarization are made identical with one another while
the directions of main radiation are made different by 90
degrees from one another, and the plurality of antennas
are fed with phase differences of 90 degrees from one
another. Hence, desired radiation directivity can be ob-
tained with a simple configuration. Hence, there is an
effect in which an antenna device having a high gain can
be obtained.
�[0031] An antenna device described in Claim 1 is con-
figured so that a plurality of antenna devices as defined
above as the first to sixth antenna devices are arranged
in such a manner that the directions of main polarization
are made identical with each other while the directions
of main radiation are made different from each other, and
opposite antenna elements of at least one antenna de-
vice among the plurality of antenna devices are partially
electronically connected/ �disconnected to/ �from each oth-
er. Hence, radiation directivity can be changed variously
with a simple configuration so as to obtain a desired ra-
diation direction. Hence, there is an effect in which a
changeable directional antenna device having a high
gain can be obtained.
�[0032] An antenna device described in Claim 2 is con-
figured so that a quarter- �wavelength shorting stub is con-
nected to a feeding point so that feeding is performed at
a position where impedance of the shorting stub is opti-
mized. Hence, good impedance matching can be ob-
tained by a small-�size matching circuit with a simple con-
figuration. Hence, there is an effect in which an antenna
device having a high gain can be obtained.
�[0033] A radio apparatus described in Claim 3 is con-
figured so that an antenna device defined in Claim 1 or

2 is built in the radio apparatus. Hence, desired optimal
radiation directivity can be obtained. Hence, there is an
effect in which an antenna having a high gain can be built
in a radio apparatus with a small-�size and simple config-
uration.
�[0034] An antenna device described in Claim 4 is con-
figured so that a plurality of antenna devices defined in
any one of Claims 1 through 3 are arranged. Hence, de-
sired radiation directivity can be obtained with a small-
size and simple configuration. Hence, there is an effect
in which a diversity or sector antenna having a high gain
can be achieved.
�[0035] An antenna device described in Claim 5 is con-
figured so that a reflection plate is provided so as to be
used in common to the plurality of antenna devices.
Hence, desired radiation directivity can be obtained with
a small-�size and simple configuration. Hence, there is an
effect in which a diversity or sector antenna having a high
gain can be achieved.
�[0036] A radio base station described in Claim 6 is con-
figured so that the radio base station is provided with an
antenna device defined in Claim 5. Hence, desired radi-
ation directivity can be obtained with a small-�size and
simple configuration. Hence, there is an effect in which
a diversity or sector antenna having a high gain can be
used.
�[0037] Embodiments of the present invention will be
described below in detail with reference to the accompa-
nying drawings Figs. 1 through 18.
�[0038] First, an antenna device according to a first ex-
ample useful for understanding the present invention will
be described in detail with reference to Figs. 1 through
4. Fig. 1 is a view showing the configuration of the an-
tenna device according to the first example useful for
understanding the present invention. Fig. 2 is a typical
view for explaining the operation of the antenna device
shown in Fig. 1. Fig. 3 is a graph showing the radiation
pattern in a horizontal plane of the antenna device shown
in Fig. 1. Fig. 4 is a graph showing the radiation pattern
in a vertical plane of the antenna device shown in Fig. 1.
�[0039] Referring to Fig. 1, the configuration of the an-
tenna device according to the first example useful for
understanding the present invention will be described be-
low. In Fig. 1, the reference numeral 1 designates a first
antenna element; 2, a second antenna element; 3, a feed-
ing portion; 4, an opening portion; and 1 a and 2a, bent
portions.
�[0040] Next, the configuration of the antenna device
according to this example will be described in more detail.
Each of the first and second antenna elements 1 and 2
is constituted by a conductor wire with a length of one
wavelength. The first and second antenna elements 1
and 2 are bent at an angle alpha in the bent portions 1a
and 2a respectively. The first and second antenna ele-
ments 1 and 2 are arranged in diamond-�wise opposition
to each other as shown in Fig. 1. Each side of the diamond
shape has a half wavelength ( lambda /2). The feeding
portion 3 is provided at one-�ends of the first and second
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antenna elements 1 and 2 respectively. The other- �ends
of the first and second antenna elements 1 and 2 are
electrically opened as represented by the opening portion
4. When, for example, the operating frequency of the
antenna device is set to 1900MHz, the length of each of
the first and second antenna elements 1 and 2 is about
158mm and each side of the diamond shape is 79mm.
The angle alpha is selected to be approximately in a
range of from 30 to 150 degrees.
�[0041] Referring to Figs. 2 through 4, the operation of
the antenna device according to this - example will be
described below. In the antenna device configured as
shown in Fig. 1, when the feeding portion 3 is excited by
a high- �frequency signal, currents distributed in the first
and second antenna elements 1 and 2 are as represented
by the arrows 5a to 5d because each side of the diamond
shape has a half wavelength (lambda /2). As a result, the
antenna device operates so that respective horizontal
components (Y-�axis components) of the currents 5a to
5d cancel one another whereas respective vertical com-
ponents (Z-�axis components) of the currents 5a to 5d
intensity one another. Thus, vertically (Z- �axis) polarized
electric wave is radiated. The radiation of the vertically
(Z- �axis) polarized electric wave is maximized in the X
direction and in the -X direction in Fig. 1. In this case, a
directional gain of about 6dB is obtained.
�[0042] This operation is equivalent to that of an array
antenna constituted by four half-�wavelength dipole an-
tennas arranged as shown in Fig. 2. In Fig. 2, the refer-
ence numerals 6a to 6d designate vertical polarization
half- �wavelength dipole antennas. The dipole antennas
6a to 6d are arranged with vertical and horizontal ar-
rangement intervals determined on the basis of the angle
alpha ’ and distance S between the dipole antennas 6a
to 6d. When the dipole antennas 6a to 6d are excited by
in-�phase and equiamplitude signals respectively, inten-
sive radiation synthesized in the X-�axis direction is gen-
erated. The pattern of the radiation is determined on the
basis of arrangement coefficients owing to the vertical
and horizontal arrangement intervals.
�[0043] In Fig. 2, when the distance S is fixed to about
0.32 lambda (0.32 times as large as the wavelength), the
change of the radiation pattern in the case where the
angle alpha of each of the bent portions 1a and 2a of the
first and second antenna elements 1 and 2 in the antenna
device according to the first example as shown in Fig. 1
is changed is approximately equal to the change of the
radiation pattern in the case where the angle alpha’ be-
tween the dipole antennas 6a to 6d in the array antenna
shown in Fig. 2 is changed. This state will be described
below with reference to Figs. 3 and 4.
�[0044] Fig. 3 is a graph showing the radiation pattern
of vertically polarized wave in a horizontal plane (XY
plane) in each of the antenna devices shown in Figs. 1
and 2. The horizontal axis indicates an angle (degrees)
of radiation and the angle of 0 degree indicates the X
direction. The vertical axis indicates a radiation level rel-
ative value normalized by a level in a maximum radiation

direction. In Fig. 3, the reference numeral 7 designates
a radiation pattern in the case where the angle alpha of
each of the bent portions 1a and 2a of the antenna device
in Fig. 1 is equal to 60 degrees. The reference numeral
8 designates a radiation pattern in the case where the
angle alpha ’ between the dipole antennas in Fig. 2 is
equal to 60 degrees. The reference numeral 9 designates
a radiation pattern in the case where the angle alpha of
each of the bent portions 1a and 2a of the antenna device
in Fig. 1 is equal to 120 degrees. The reference numeral
10 designates a radiation pattern in the case where the
angle alpha ’ between the dipole antennas in Fig. 2 is
equal to 120 degrees.
�[0045] Next, Fig. 4 is a graph showing the radiation
pattern of vertically polarized wave in a vertical plane (XZ
plane) in each of the antenna devices shown in Figs. 1
and 2. In Fig. 4, the reference numerals 7 to 10 designate
radiation patterns similar to those in Fig. 3. Here, by
changing the angle alpha of each of the bent portions 1a
and 2a in the antenna device according to the first ex-
ample as shown in Fig. 1, the radiation patterns in the
horizontal plane and in the vertical plane can be changed
greatly. When, for example,� the angle alpha is changed
to increase from 60 degrees to 120 degrees, the half-
value width (the width of the radiation angle to obtain
-3dB) of the radiation pattern in the horizontal plane de-
creases from 118 degrees to 64 degrees, while the half-
value width of the radiation pattern in the vertical plane
increases from 50 degrees to 68 degrees. The array an-
tenna shown in Fig. 2 has this tendency similarly. When,
for example, the angle alpha of each of the bent portions
1 a and 2a is changed to increase from 30 degrees to
150 degrees, the half-�value width of the radiation pattern
in the horizontal plane changes from approximately non-
directivity to 47 degrees and the half-�value width of the
radiation pattern in the vertical plane increases from 50
degrees to 80 degrees.
�[0046] Although this example has shown the case
where the direction of main polarization is vertical (Z),
the same operation as described above can be carried
out by a horizontal polarization antenna in the case where
the antenna device in Fig. 1 is arranged to be rotated by
90 degrees so that the direction of main- �polarization is
changed to horizontal (Y).
�[0047] As described above, in the antenna device ac-
cording to the first example, radiation patterns in the hor-
izontal plane and in the vertical plane can be controlled
by changing the angle alpha . Hence, an antenna having
desired directivity and having a high gain can be achieved
with a simple planar configuration.
�[0048] Referring to Fig. 5, an antenna device according
to a second example useful for understanding the present
invention will be described below. Fig. 5 is a view showing
the configuration of the antenna device according to the
second example useful for understanding the present in-
vention. In Fig. 5, the reference numeral 3 designates a
feeding portion; 4, an opening portion; 11, a first antenna
element; 12, a second antenna element; and 11a, 11 b,
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11c, 12a, 12b and 12c, bent portions.
�[0049] Further, the configuration of the antenna device
according to this example will be described in more detail.
As shown in Fig. 5, the first and second antenna elements
11 and 12 are arranged so oppositely that two diamond-
shaped antenna devices each constituted by first and
second antenna elements 1 and 2 as shown in Fig. 1 are
connected to each other. The length of each side of the
diamond shape is equal to a half wavelength ( lambda
/2). That is, each of the first and second antenna elements
11 and 12 is constituted by a conductive wire having a
length equal to two wavelengths. The first and second
antenna elements 11 and 12 are bent at an angle alpha
in the bent portions 11 a to 11 c and 12a to 12c respec-
tively. The feeding portion 3 is provided at one-�ends of
the first and second antenna elements 11 and 12 respec-
tively. The opposite ends of the first and second antenna
elements 11 and 12 are electrically opened as shown by
the opening portion 4.
�[0050] Referring to Fig. 5, the operation of the antenna
device according to this example will be described below.
In the antenna device configured as described above,
when the feeding portion 3 is excited by a high-�frequency
signal, currents distributed into respective sides of the
first and second antenna elements 11 and 12 are as in-
dicated by the arrows 13a to 13h because the length of
each side of the diamond shape is equal to a half wave-
length ( lambda /2). As a result, an operation is carried
out so that horizontal components (Y-�axis components)
of the respective currents cancel one another while ver-
tical components (Z- �axis components) of the respective
currents intensify one another. Hence, vertically (Z-�axis)
polarized electric wave is radiated. The radiation of elec-
tric wave is maximized in the X direction and in the -X
direction in Fig. 5, so that a directional gain of about 9dB
is obtained.
�[0051] This operation is approximately equivalent to
the operation of an array antenna in which two antenna
devices according to the first example as shown in Fig.
1 are arranged in the Y direction. Hence, in the antenna
device according to the second example in Fig. 5, radi-
ation patterns in the horizontal plane and in the vertical
plane can be changed greatly by changing the angle
alpha . When, for example, the angle alpha is changed
to increase from 60 degrees to 120 degrees, the half-
value width of the radiation pattern in the horizontal plane
decreases from 50 degrees to 30 degrees while the half-
value width of the radiation pattern in the vertical plane
increases from 50 degrees to 68 degrees. Here, the half-
value width of the radiation pattern in the horizontal plane
is reduced to about a half compared with the antenna
device according to the first example as shown in Fig. 1.
�[0052] Incidentally, in the case where a plurality of an-
tenna elements of diamond-�shapes are connected to
form one antenna device like in this example, if the bent
portions 11 b and 12b which form junction portions of the
diamond shapes are cut off, the diamond shapes are
separated from each other. Then, if the first antenna el-

ements 11 cut off thus are connected to each other again
through a transmission line having a fixed electrical
length whereas the second antenna elements 12 cut off
thus are also connected to each other through a trans-
mission line having a fixed electrical length, the whole
length of the antenna device can be controlled if it is de-
sired.
�[0053] As described above, in the antenna device ac-
cording to this example, radiation patterns in the horizon-
tal plane and in the vertical plane can be controlled by
changing the angle alpha . Hence, an antenna having
desired directivity and having a high gain can be achieved
with a simple planar configuration.
�[0054] Referring to Fig. 6, an antenna device according
to a third example useful for understanding the present
invention will be described below. Fig. 6 is a view showing
the configuration of the antenna device according to the
third example useful for understanding the present in-
vention. In Fig. 6, the reference numeral 3 designates a
feeding portion; 4a and 4b, opening portions; 14 and 15,
first antenna elements; 16 and 17, second antenna ele-
ments; and 14a, 15a, 16a and 17a, bent portions.
�[0055] Further, the configuration of the antenna device
according to this example will be described in more detail.
Each of the first and second antenna elements 14 to 17
is constituted by a conductive wire having a length equal
to one wavelength. The first and second antenna ele-
ments 14 to 17 are bent at an angle alpha in the bent
portions 14a to 17a respectively. The first antenna ele-
ments 14 and 15 and the second antenna elements 16
and 17 are connected as shown in Fig. 6. The feeding
portion 3 is provided in junction portions between the first
antenna elements 14 and 15 and between the second
antenna elements 16 and 17. Other ends are electrically
opened as represented by the opening portions 4a and
4b.
�[0056] Referring to Fig. 6, the operation of the antenna
device according to this example will be described below.
In the antenna device configured as described above,
when the feeding portion 3 is excited by a high-�frequency
signal, currents distributed into respective sides of the
first and second antenna elements 14 to 17 flow as indi-
cated by the arrows 18a to 18h because the length of
each side of the diamond shape is equal to a half wave-
length (lambda /2). As a result, an operation is carried
out so that horizontal components (Y- �axis components)
of the respective currents cancel one another while ver-
tical components (Z-�axis components) of the respective
currents intensify one another. Hence, vertically (Z-�axis)
polarized electric wave is radiated. The radiation of ver-
tically (Z-�axis) polarized electric wave is maximized in
the X direction and in the -X direction in Fig. 6, so that a
directional gain of about 9dB is obtained.
�[0057] This operation is approximately equivalent to
the operation of an array antenna in which two antenna
devices according to the first embodiment as shown in
Fig. 1 are arranged so as to be fed in parallel in the Y
direction. Hence, in the antenna device according to the
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third example in Fig. 6, the change of radiation patterns
in the case where the angle alpha is changed is approx-
imately equivalent to that in the antenna device according
to the second element in Fig. 5. Further, feeding- �point
impedance is reduced to a value not higher than a half
of that of the antenna device according to the first exam-
ple as shown in Fig. 1 to be thereby favorable for matching
the impedance with the transmission line.
�[0058] Although this example has shown the case
where antenna devices as shown in Fig. 1 are fed in
parallel, the same effect as described above can be ob-
tained also in the case where antenna devices as shown
in Fig. 5 are fed in parallel.
�[0059] As described above, in the antenna device ac-
cording to the third example, the feeding-�point imped-
ance can be reduced and the radiation patterns in the
horizontal plane and in the vertical plane can be control-
led by changing the angle alpha . Hence, an antenna
having desired directivity and having a high gain can be
achieved with a simple planar configuration.
�[0060] Referring to Fig. 7, an antenna device according
to a fourth example useful for understanding the present
invention will be described below. Fig. 7 is a view showing
the configuration of the antenna device according to the
fourth example useful for understanding the present in-
vention. In Fig. 7, the reference numeral 4 designates an
opening portion; 19, a dielectric substrate; 20, a first an-
tenna pattern as a first antenna element; 21, a second
antenna pattern as a second antenna element; 22 and
23, feeding terminals; and 20a and 21 a, bent portions.
�[0061] Further, the configuration of the antenna device
according to this example will be described in more detail.
Each of the first and second antenna patterns 20 and 21
is constituted by a print pattern formed on the dielectric
substrate 19. The first and second antenna patterns 20
and 21 are bent at an angle alpha in the bent portions
20a and 21 a respectively. The length of each of the first
and second antenna patterns 20 and 21 is selected to
be equal to one wavelength on the dielectric substrate.
When, for example, the effective relative dielectric con-
stant of the dielectric substrate is 2, the length of each
of the first and second antenna patterns 20 and 21 is
about 80mm for the operating frequency of 1900MHz be-
cause the wavelength on the dielectric substrate is re-
duced to about a half of the wavelength in a free space.
�[0062] Referring to Fig. 7, the operation of the antenna
device according to this example will be described below.
In the antenna device configured as described above,
when the feeding terminals 22 and 23 are excited by a
high- �frequency signal, the antenna device operates in
the same manner as in the antenna device according to
the first example in Fig. 1. Hence, more detailed descrip-
tion will be omitted.
�[0063] As described above, in the antenna device ac-
cording to the-�fourth example, an antenna having desired
directivity and having a high gain can be achieved with
a small- �size and simple planar configuration by a print
pattern on a dielectric substrate.

�[0064] Referring to Fig. 8, an antenna device according
to a fifth example useful for understanding the present
invention will be described below. Fig. 8 is a view showing
the configuration of the antenna device according to the
fifth example useful for understanding the present inven-
tion. In Fig. 8, the reference numeral 24 designates a
dielectric substrate; 25, 26, 27 and 28, antenna patterns
as antenna elements; 29, 30, 31 and 31, feeding termi-
nals; and 33 and 34, high-�frequency signal sources.
�[0065] Further, the configuration of the antenna device
according to this example will be described in more detail.
The antenna patterns 25 and 26 are constituted by a print
pattern formed on one surface of the double- �side copper-
clad dielectric substrate 24, while the antenna patterns
27 and 28 are constituted by a print pattern formed on
the other surface of the double-�side copper- �clad dielec-
tric substrate 24. The length of each of the antenna pat-
terns 25, 26, 27 and 28 is selected to be equal to one
wavelength on the dielectric substrate. A combination of
the antenna patterns 25 and 26 and the feeding portions
29 and 30 and a combination of the antenna patterns 27
and 28 and the feeding portions 31 and 32 serve as in-
dependent antennas. Each of the antennas operates in
the same manner as in the antenna device according to
the fourth example in Fig. 7.
�[0066] Referring to Fig. 8, the operation of the antenna
device according to this example will be described below.
In the antenna device configured as described above,
when excitation is given from the high-�frequency signal
sources 33 and 34, the antenna patterns 25 and 26 ra-
diate vertically (Z- �direction) polarized wave whereas the
antenna patterns 27 and 28 radiate horizontally (Y-�direc-
tion) polarized wave. Hence, when the phases of the
high-�frequency signal sources 33 and 34 are selected to
be made different by 90 degrees from each other, circu-
larly polarized electric wave is radiated in the X direction
and in the -X direction, so that a directional gain of about
6dB is obtained. Further, left-�handed circularly polarized
wave or right-�handed circularly polarized wave is radiat-
ed either in the X direction or in the -X direction. The
rotational direction is determined on the basis of the lag-
lead relation between the phases of the high- �frequency
signal sources 33 and 34.
�[0067] Incidentally, although this example has shown
the case where the antenna device is formed on the di-
electric substrate, the same effect as described above
can be obtained also in the case where two pairs of an-
tenna devices as shown in Fig. 1 are arranged with di-
rections of polarization crossing perpendicularly to each
other.
�[0068] As described above, in the antenna device ac-
cording to the fifth example, a circular polarization anten-
na having desired directivity and having a high gain can
be achieved with a small-�size and simple planar config-
uration by print patterns on a dielectric substrate.
�[0069] Referring to Fig. 9, an antenna device according
to a sixth example useful for understanding the present
invention will be described below. Fig. 9 is a view showing
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the configuration of the antenna device according to the
sixth example useful for understanding the present in-
vention. In Fig. 9, the reference numerals 33 and 34 des-
ignate high-�frequency signal sources; 35, 36, 37, 38, 39,
40, 41 and 42, antenna elements; 43, a horizontal polar-
ization antenna system; and 44, a vertical polarization
antenna system.
�[0070] Referring to Fig. 9, the operation of the antenna
device according to this example will be described below.
The antenna elements 35, 36 and 39, 40 are excited by
the high-�frequency signal source 33, so that they serve
as a horizontal polarization antenna system 43 which op-
erates in the same manner as the antenna device ac-
cording to the third example in Fig. 6. The antenna ele-
ments 38, 39 and 41, 42 are excited by the high-�frequen-
cy signal source 34, so that they serve as a vertical po-
larization antenna system 44 which operates in the same
manner as the antenna device according to the third ex-
ample in Fig. 6.
�[0071] The horizontal polarization antenna system 43
and the vertical polarization antenna system 44 are ar-
ranged so as to cross perpendicularly to each other in
the YZ plane.
�[0072] Hence, when the phases of the high-�frequency
signal sources 33 and 34 are selected to be made differ-
ent by 90 degrees from each other, circularly polarized
electric wave is radiated in the X direction and in the -X
direction, so that a directional gain of about 8dB is ob-
tained. Further, left-�handed circularly polarized wave or
right-�handed circularly polarized wave is radiated either
in the X direction or in the -X direction. The rotational
direction is determined on the basis of the lag-�lead rela-
tion between the phases of the high-�frequency signal
sources 33 and 34.
�[0073] As described above, in the antenna device ac-
cording to the sixth example, a circular polarization an-
tenna having desired directivity and having a high gain
can be achieved with a simple planar configuration.
�[0074] Referring to Fig. 10, an antenna device accord-
ing to a seventh example useful for understanding the
present invention will be described below. Fig. 10 is a
view showing the configuration of the antenna device ac-
cording to the seventh example useful for understanding
the present invention. In Fig. 10, the reference numeral
3 designates a feeding portion; 45, a reflection plate; and
46 and 47, antenna elements.
�[0075] Referring to Fig. 10, the operation of the anten-
na device according to this example will be described
below. The antenna elements 46 and 47 operate in the
same manner as in the antenna device according to the
first example in Fig. 1, so that maximum radiation is gen-
erated in the X direction and in the -X direction. In this
example, however, the antenna elements 46 and 47 are
arranged so as to be distanced from the reflection plate
45 by a distance indicated by the reference numeral 48.
The wave radiated in the -X direction is reflected by the
reflection plate 45, so that the reflected wave is radiated
in the X direction. Hence, radiation patterns are concen-

trated into the X direction. When the distance 48 is se-
lected to be about 0.3 lambda (0.3 times as large as the
wavelength), a directional gain of about 9.5dB can be
obtained in the X direction.
�[0076] Incidentally, also in this example, radiation pat-
terns in the horizontal plane and in the vertical plane can
be controlled by changing the angle alpha in the bent
portions.
�[0077] As described above, in the antenna device ac-
cording to the seventh example, an antenna device hav-
ing desired directivity and having a high gain can be
achieved with a simple planar configuration.
�[0078] Referring to Fig. 11, an antenna device accord-
ing to an eighth example useful for understanding the
present invention will be described below. Fig. 11 is a
view showing the configuration of the antenna device ac-
cording to the eighth example useful for understanding
the present invention. In Fig: 11, the reference numeral
3 designates a feeding portion; 49, a reflection plate; 50
and 51, antenna elements; and 52 and 53, passive ele-
ments.
�[0079] Referring to Fig. 11, the detailed configuration
and operation of the antenna device according to this
example will be described below. The antenna elements
50 and 51 operate in the same manner as in the antenna
device according to the first example in Fig. 1. Further,
the antenna elements 50 and 51 are arranged so as to
be separated by a distance 54 from the reflection plate
49. Each of the passive elements 52 and 53 is constituted
by a conductive wire which is slightly shorter than a half
wavelength. The passive elements 52 and 53 are ar-
ranged in positions which are separated by a distance
55 in the X direction from the antenna elements 52 and
53 and which are separated by a distance 56 in the Y
and -Y directions from the center respectively. When
each of the distances 54 and 55 is selected to be about
0.3 lambda (0.3 times as large as the wavelength) and
the distance 56 is selected to be about 0.4 lambda (0.4
times as large as the wavelength), wide-�angle directivity
of 180 degrees as a half-�value width can be obtained in
the X direction, so that a directional gain of about 6.5dB
can be obtained.
�[0080] As described above, in the antenna device ac-
cording to the eighth example, an antenna device having
wide-�angle directivity of 180 degrees as a half-�value
width and having a high gain can be achieved with a
simple configuration.
�[0081] Referring to Fig. 12, an antenna device accord-
ing to a ninth example useful for understanding the
present invention will be described below. Fig. 12 is a
view showing the configuration of the antenna device ac-
cording to the ninth example useful for understanding the
present invention. In Fig. 12, the reference numeral 3
designates a feeding portion; and 57, 58, 59, 60, 61 and
62, antenna elements.
�[0082] Referring to Fig. 12, the operation of the anten-
na device according to this example will be described
below. The antenna elements 57 and 58 and the feeding
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portion 3 operate in the same manner as in the antenna
device according to the first example in Fig. 1, so that
they serve as a radiator. Each of the antenna elements
59 and 60 is selected to have a length longer by about
4% than that of each of the antenna elements 57 and 58.
�[0083] The antenna elements 59 and 60 are arranged
so as to be separated by about 0.2 lambda (0.2 times as
large as the wavelength) in the -X direction from the an-
tenna elements 57 and 58, so that they serve as a re-
flector. Further, each of the antenna elements 61 and 62
is selected to have a length shorter by about 8% than
that of each of the antenna elements 57 and 58. The
antenna elements 61 and 62 are arranged so as to be
separated by about 0.2 lambda (0.2 times as large as
the wavelength) in the X direction from the antenna ele-
ments 57 and 58, so that they serve as a wave director.
�[0084] The antenna device configured as described
above operates as a whole in the same manner as a Yagi
antenna. Hence, radiation directivity is concentrated into
the X direction, so that a directional gain of about 11 dB
is obtained.
�[0085] Although this example has shown the case
where a three- �element Yagi antenna is formed, a higher
gain can be obtained if a larger number of elements are
arranged. When, for example, 5 elements are provided,
a directional gain of about 12.5dB can be obtained. Also
in this example, directivity in the vertical plane and in the
horizontal plane can be changed by changing the angle
alpha in the bent portions.
�[0086] As described above, in the antenna device ac-
cording to the ninth example, a Yagi antenna having de-
sired directivity and having a high gain can be achieved
with a simple configuration.
�[0087] Referring to Fig. 13, an antenna device accord-
ing to a tenth example useful for understanding the
present invention will be described below. Fig. 13 is a
view showing the configuration of the antenna device ac-
cording to the tenth example useful for understanding
the present invention. In Fig. 13, the reference numerals
63, 64, 65 and 66 designate antenna elements; and 67
and 68, high-�frequency signal sources.
�[0088] Referring to Fig. 13, the detailed configuration
and operation of the antenna device according to this
example will be described below. The antenna elements
63 and 64 and the feeding portion 67 operate in the same
manner as in the antenna device according to the first
example in Fig. 1. The antenna elements 65 and 66 and
the feeding portion 68 also operate in the same manner
as in the antenna device according to the first example
in Fig. 1. The antenna elements 63, 64 and 65, 66 are
arranged so that the direction of main polarization in the
antenna elements 63 and 64 is identical with that in the
antenna elements 65 and 66 in terms of horizontally po-
larized wave, whereas the directions of main radiation
cross perpendicularly to each other.
�[0089] When the antenna element 63 and 64 and the
antenna element pair 65 and 66 are supplied with high-
frequency signals 67 and 68 respectively so that the

phases of the signals are made different by 90 degrees
from each other, the antenna device exhibits non-�direc-
tional radiation characteristic in the horizontal plane in
terms of horizontally polarized wave, so that a gain of
about 3.5dB can be obtained.
�[0090] Also in this example, directivity in the vertical
plane and in the horizontal plane can be changed by
changing the angle alpha in the bent portions.
�[0091] As described above, in the antenna device ac-
cording to the tenth example, a horizontal non-�directional
antenna having a high gain can be achieved with a simple
configuration.
�[0092] Referring to Fig. 14, an antenna device accord-
ing to an eleventh example useful for understanding the
present invention will be described below. Fig. 14 is a
view showing the configuration of the antenna device ac-
cording to the eleventh example useful for understanding
the present invention. In Fig. 14, the reference numerals
69, 70, 71, 72, 73, 74, 75 and 76 designate antenna el-
ements; and 77, a high-�frequency signal source.
�[0093] Referring to Fig. 14, the operation of the anten-
na device according to this example will be described
below. The feeding portion 77 and the antenna elements
69, 70 and 71, 72 operate in the same manner as in the
antenna device according to the third example in Fig. 6.
The antenna elements 73, 74, and 75, 76 are connected
in parallel to the antenna elements 69, 70 and 71, 72 so
that the directions of main polarization are made identical
with each other whereas the directions of main radiation
cross perpendicularly to each other.
�[0094] The antenna device configured as described
above exhibits radiation characteristic in which the radi-
ation directivity in the horizontal plane in terms of verti-
cally polarized wave is concentrated into the four direc-
tions X, -X, Y and -Y. A gain of about 5.5dB is obtained
in each of the four directions. Radiation characteristic of
about 30 degrees as a half-�value width can be obtained.
�[0095] Also in this example, the directivity in the vertical
plane and in the horizontal plane can be changed by
changing the angle alpha in the bent portions.
�[0096] As described above, in the antenna device ac-
cording to the eleventh example, a 4-�directional antenna
having desired directivity and having a high gain can be
achieved with a simple configuration.
�[0097] Referring to Fig. 15, an antenna device accord-
ing to a twelfth example, an embodiment of the present
invention, will be described below. Fig. 15 is a view show-
ing the configuration of the antenna device according to
this first embodiment of the present invention. In Fig. 15,
the reference numerals 78, 79, 80, 81, 82 and 83 desig-
nate antenna elements; 84, a feeding portion; 85, a re-
flection plate; 86, 87, 88 and 89, high-�frequency switches;
and 90 and 91, shorting lines.
�[0098] Referring to Fig. 15, the configuration of the an-
tenna device according to this embodiment will be de-
scribed below in more detail. The antenna elements 78,
79 and 80, 81 and the feeding portion 84 operate in the
same manner as in the antenna device according to the
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third example in Fig. 6. The antenna elements 82 and 83
are connected in parallel to the antenna elements 78, 79
and 80, 81. The antenna elements are arranged so that
the directions of main polarization are made identical with
each other whereas the directions of main radiation cross
perpendicularly to each other. The high-�frequency
switches 86 and 87 and the shorting line 90 are connect-
ed to the antenna elements 78 and 79 at points. When
the high-�frequency switches 86 and 87 are turned on,
the antenna elements 78 and 79 and the shorting line 90
serve as a quarter-�wavelength shorting stub in which the
antenna elements do not contribute to radiation. The an-
tenna elements 80 and 81, the high-�frequency switches
88 and 89 and the shorting line 91 operate in the same
manner as described above. Further, the reflection plate
85 is arranged so as to be separated by a distance 92 in
the -X direction from the antenna elements 78, 79 and
80, 81.
�[0099] Referring to Fig. 15, the operation of the anten-
na device according to this embodiment will be described
below. In the antenna device configured as described
above, when the high-�frequency switches 86 and 87 are
turned on while the high- �frequency switches 88 and 89
are turned off, the antenna elements 78 and 79 do not
contribute to radiation so that radiation is concentrated
into an intermediate direction between the X direction
and the Y direction. As a result, a gain of about 9dB is
obtained and radiation directivity of about 80 degrees as
a half- �value width is obtained. On the contrary, when the
high-�frequency switches 86 and 87 are turned off while
the high-�frequency switches 88 and 89 are turned on,
the direction of maximum radiation is directed to the in-
termediate direction between the X direction and the -Y
direction.
�[0100] Also in this embodiment, the directivity in the
vertical plane and in the horizontal plane can be changed
by changing the angle alpha in the bent portions.
�[0101] As described above, in the antenna device ac-
cording to the first embodiment, antenna elements op-
posite to each other are partially connected/�disconnect-
ed to/�from each other by electronic switches to thereby
obtain desired directivity. Hence, a changeable direction-
al antenna having a high gain can be achieved with a
simple configuration.
�[0102] Referring to Fig. 16, an antenna device accord-
ing to a second embodiment will be described below. Fig.
16 is a view showing the configuration of the antenna
device according to the second embodiment. In Fig. 16,
the reference numerals 93 and 94 designate antenna
patterns (antenna elements); 95, a quarter-�wavelength
shorting stub; 96, a dielectric substrate; and 99, a high-
frequency signal cable. �
Referring to Fig. 16, the detailed configuration and oper-
ation of the antenna device according to the second em-
bodiment will be described below. The antenna patterns
93 and 94 and the quarter- �wavelength shorting stub 95
are constituted by a print pattern formed on the dielectric
substrate 96. The antenna patterns 93 and 94 operate

in the same manner as in the antenna device according
to the fourth example in Fig. 7. Impedance in the feeding
portion 97 between the antenna patterns 93 and 94
reaches a high value of several k OMEGA. To match this
impedance with the impedance (generally 50 OMEGA)
in the high-�frequency signal cable 99, the high-�frequency
signal cable 99 is connected to the quarter-�wavelength
shorting stub 95 at optimal positions 98.
�[0103] On this occasion, the quarter-�wavelength short-
ing stub 95 does not increase the total area of the antenna
because the stub 95 is disposed inside the antenna pat-
terns 93 and 94.
�[0104] As described above, in the antenna device ac-
cording to the second embodiment, a matching circuit is
formed by the print pattern on the dielectric substrate.
Hence, the antenna device can be achieved with a small-
size and simple planar configuration.
�[0105] Referring to Fig. 17, a radio apparatus with an
antenna device configured according to a third embodi-
ment will be described below. Fig. 17 is a view showing
the configuration of the antenna device according to this
embodiment. In Fig. 17, the reference numeral 119 des-
ignates an antenna device; 120, a high-�frequency cable;
121, a reflection plate; 122, a radio circuit portion; and
123, an antenna cover.
�[0106] The configuration of the radio apparatus ac-
cording to this embodiment will be described below in
more detail. The reflection plate 121 is disposed on one
side surface of the radio circuit portion 122. The antenna
device 119 is disposed so as to be separated by a fixed
distance (for example, 0.3 lambda) from the reflection
plate 121. The high-�frequency cable 120 is connected
from the radio circuit portion 122 to the antenna device
119 so that the antenna device 119 is fed. The antenna
device 119 is protected by the antenna cover 123. The
antenna device 119 operates in the same manner as the
antenna device according to the second embodiment
shown in Fig. 16.
�[0107] Referring to Fig. 17, the operation of the radio
apparatus according to this embodiment will be de-
scribed below. In the radio apparatus configured as de-
scribed above, radiation from the antenna device 119 is
concentrated into the direction of the arrow 124 by the
reflection plate 121. Thus, a directional gain of about
9.5dB can be obtained. Hence, antenna characteristic is
not affected by the radio circuit portion 122. Further, the
radio circuit portion 122 is not affected by electric wave
radiated from the antenna device 119.
�[0108] Further, it is sufficient if the distance between
the reflection plate 121 and the antenna device 119 is
about 0.3 lambda (about 45mm for the operating frequen-
cy of 1900MHz). Accordingly, the radio apparatus having
the built-�in antenna can be made compact. Hence, if the
radio apparatus is applied to a fixed terminal equipment
or to a radio base station, desired radiation directivity can
be obtained with a small-�size and simple configuration.
Hence, a fixed terminal equipment or a radio base station
with a built-�in antenna having a high gain can be
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achieved.
�[0109] Incidentally, the configuration of the radio ap-
paratus and the antenna device is not limited to this em-
bodiment and the same effect as described above can
be obtained if the same structure as described above is
provided.
�[0110] As described above, in the radio apparatus ac-
cording to this embodiment, a radio apparatus with a built-
in antenna having desired directivity and having a high
gain can be achieved with a small- �size and simple con-
figuration.
�[0111] Referring to Fig. 18, an antenna device accord-
ing to a forth embodiment will be described below. Fig.
18 is a view showing the configuration of the antenna
device according to this embodiment. In Fig. 18, the ref-
erence numerals 125, 126, 127 and 128 designate an-
tenna devices; 129 and 130, reflection plates; 131, 132,
133, 134 and 135, fittings; 136, a first antenna system;
137, a second antenna system; and 138, a pole.
�[0112] Referring to Fig. 18, the detailed configuration
and operation of the antenna device according to the
forth embodiment will be described below. The antenna
devices 125, 126, 127 and 128 operate in the same man-
ner as the antenna device according to the second em-
bodiment shown in Fig. 16. The antenna devices 125 and
126 are arranged in 180 degrees- �opposition to each oth-
er through the reflection plate 129 and fixed by the fittings
131 and 132. Thus, a first antenna system 136 is formed.
Similarly, the antenna devices 127 and 128 are arranged
in 180 degrees- �opposition to each other through the re-
flection plate 130 and fixed by the fittings 133 and 134.
Thus, a second antenna system 137 is formed. The first
and second antenna systems 136 and 137 are fixed to
each other by the fittings 135 so as to be separated by
a fixed distance (generally a distance of one wavelength
or larger) from each other, so that they serve as a diversity
antenna.
�[0113] Here, in the first antenna system 136, the an-
tenna device 125 exhibits radiation directivity of about
180 degrees as a half- �value width in the X direction be-
cause of the effect of the reflection plate 129, so that the
gain in the -X direction becomes lower by about 10dB
than the gain in the X direction. On the other hand, the
antenna device 126 exhibits radiation directivity of about
180 degrees as a half-�value width in the -X direction be-
cause of the effect of the reflection plate 129, so that the
gain in the X direction becomes lower by about 10dB
than the gain in the -X direction. As described above, the
reflection plate 129 is used in common to the antenna
devices 125 and 126. Also the second antenna system
137 operates in the same manner as the first antenna
system 136.
�[0114] Incidentally, the antenna device and the ar-
rangement and configuration thereof are not limited to
this embodiment and the same effect as described above
can be obtained if the same structure as described above
is provided.
�[0115] As described above, in the antenna device as

described, a sector diversity antenna constituted by a
plurality of antennas arranged therein and having a high
gain with desired directivity can be achieved with a small-
size and simple configuration.

Claims

1. An antenna device comprising several antennas,
each of which comprising:�

a first one- �wavelength antenna element (78, 80)
bent at an angle alpha in a center of said first
antenna element, and
a second one-�wavelength antenna element (79,
81) bent at said angle alpha in a center of said
second antenna element,�
wherein said first and second antenna elements
(78, 79, 80, 81) are arranged in diamond-�wise
opposition to each other, wherein a feeding por-
tion (84) is disposed at one- �ends of said first and
second antenna elements, wherein the other-
ends of said first and second antenna elements
(78, 79, 80, 81) are opened, and wherein said
angle alpha is selected to be in accordance to
a desired radiation directivity;
characterized in that
said plurality of antennas are arranged so that
directions of main polarization are made identi-
cal with each other while directions of main ra-
diation are made different from each other, and
wherein opposite antenna elements of at least
one antenna among said plurality of antennas
(78, 79, 80, 81) are electronically switchable to
connect/ �disconnect them to/ �from each other.

2. An antenna device according to Claim 1, wherein a
quarter-�wavelength shorting stub (95) is connected
to said feeding portion (98) of at least one of said
antennas comprised so that feeding is performed at
a position where impedance of said shorting stub
(95) is optimized.

3. A radio apparatus, wherein an antenna device as
defined in Claim 1 or Claim 2 is built in said radio
apparatus.

4. An antenna device for a radio base station, wherein
a plurality of antenna devices defined in Claim 1 or
Claim 2 are arranged.

5. An antenna device according to Claim 4 wherein a
reflection plate (85) is provided so as to be used in
common to said plurality of antenna devices.

6. A radio base station provided with an antenna device
defined in Claim 4.
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Patentansprüche

1. Antennenvorrichtung, die mehrere Antennen um-
fasst, von denen jede umfasst:�

ein erstes Einwellenlängen-�Antennenelement
(78, 80), das in einer Mitte des ersten Antennen-
elementes in einem Winkel α gebogen ist, und
ein zweites Einwellenlängen-�Antennenelement
(79, 81), das in einer Mitte des zweiten Anten-
nenelementes in dem Winkel α gebogen ist,
wobei das erste und das zweite Antennenele-
ment (78, 79, 80, 81) einander in Rautenform
gegenüberliegen und ein Speiseabschnitt (84)
jeweils an einem Ende des ersten und des zwei-
ten Antennenelementes angeordnet ist, die an-
deren Enden des ersten und des zweiten An-
tennenelementes (78, 79, 80, 81) offen sind und
der Winkel α so ausgewählt wird, dass er einer
gewünschten Strahlungsrichtung entspricht;
dadurch gekennzeichnet, dass
die Vielzahl von Antennen so angeordnet sind,
dass Richtungen der Hauptpolarisation iden-
tisch miteinander sind, während sich Richtun-
gen der Hauptstrahlung voneinander unter-
scheiden, und wobei einander gegenüberlie-
gende Antennenelemente wenigstens einer An-
tenne der Vielzahl von Antennen (78, 79, 80, 81)
elektronisch geschaltet werden können, um sie
miteinander zu verbinden/�voneinander zu tren-
nen.

2. Antennenvorrichtung nach Anspruch 1, wobei eine
Viertelwellenlängen-�Kurzschlussstichleitung (95)
mit dem Speiseabschnitt (98) wenigstens einer der
enthaltenen Antennen so verbunden ist, dass Spei-
sen an einer Position durchgeführt wird, an der die
Impedanz der Kurzschlussstichleitung (95) optimiert
ist.

3. Funkgerät, wobei eine Antennenvorrichtung nach
Anspruch 1 oder Anspruch 2 in das Funkgerät ein-
gebaut ist.

4. Antennenvorrichtung für eine Funk-�Basisstation, in
der eine Vielzahl von Antennenvorrichtungen nach
Anspruch 1 oder Anspruch 2 angeordnet sind.

5. Antennenvorrichtung nach Anspruch 4, wobei eine
Reflektionsplatte (85) so vorhanden ist, dass sie ge-
meinsam von der Vielzahl von Antennenvorrichtun-
gen genutzt wird.

6. Funk-�Basisstation, die mit einer Antennenvorrich-
tung nach Anspruch 4 versehen ist.

Revendications

1. Dispositif d’antenne comprenant plusieurs anten-
nes, chacune desquelles comprenant : �

un premier élément d’antenne (78, 80) à une
longueur d’onde fléchi à un angle alpha au ni-
veau d’un centre dudit premier élément d’anten-
ne, et
un deuxième élément d’antenne (79, 81) à une
longueur d’onde fléchi audit angle alpha au ni-
veau d’un centre dudit deuxième élément d’an-
tenne,
dans lequel lesdits premier et deuxième élé-
ments d’antenne (78, 79, 80, 81) sont agencés
dans une disposition d’opposition sous forme de
diamant l’un par rapport à l’autre, où une portion
d’alimentation (84) est disposée à des extrémi-
tés desdits premier et deuxième éléments d’an-
tenne, où les autres extrémités desdits premier
et deuxième éléments d’antenne (78, 79, 80, 81)
sont ouvertes, et où ledit angle alpha est sélec-
tionné de manière à être en accord avec une
directivité de rayonnement désirée;
caractérisé en ce que
ladite pluralité d’antennes sont agencées de
manière à ce que des directions d’une polarisa-
tion principale soient identiques les unes aux
autres alors que les directions d’un rayonne-
ment principal sont différentes les unes des
autres, et où des éléments d’antenne opposés
d’au moins une antenne parmi ladite pluralité
d’antennes (78, 79, 80, 81) sont électronique-
ment commutables afin de les connecter/décon-
necter les uns aux autres/les uns des autres.

2. Dispositif d’antenne selon la revendication 1, dans
lequel une embase de court-�circuit (95) à un quart
de longueur d’onde est connectée à ladite portion
d’alimentation (98) d’au moins l’une desdites anten-
nes comprises de manière à ce que l’alimentation
soit effectuée à une position où l’impédance de ladite
embase de court- �circuit (95) est optimisée.

3. Appareil radio, où un dispositif d’antenne tel que dé-
fini dans la revendication 1 ou la revendication 2 est
intégré audit appareil radio.

4. Dispositif d’antenne pour une station de base radio,
dans lequel une pluralité de dispositifs d’antennes
définis dans la revendication 1 ou la revendication 2
sont agencés.

5. Dispositif d’antenne selon la revendication 4 dans
lequel une plaque de réflexion (85) est fournie de
manière à être utilisée en commun à ladite pluralité
de dispositifs d’antennes.
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6. Station de base radio dotée d’un dispositif d’antenne
défini dans la revendication 4.
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