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DIVERSITY ANTENNA CIRCUIT ' | IIIll

FIELD OF THE INVENTION

The present invention relates to a diversity antenna circuit
which receives signals with two units of antenna and uses the
received signals for switching them, and more particularly to
a diversity antenna circuit which suppresses mutual
interference in each antenné' s reception and thus - allows
selection or sﬁitching to the antenna having higher receiving

sensitivity.

BACKGROUND OF THE INVENTION
»

In mobile communications, a plurality of paths is generated
when a transmitted electric wave propagates through space and
the plurality of paths interfere each other at a receiving
terminal and the received electric field strength fluctuates

from time to time, and this phenomenon is called fading.

Commonly, a propagation path in land mobile communications

becomes a multi-path propagation path, and so called the fading

occurs in which envelope and phase of a received wave
fluctuate according to the law of Rayleigh disfribution and the
law of homogeneous distribution, respectively.

As a technique for alleviating the'effects Af fading, there
is a.technology called diversity. This is a technology tb

reduce fluctuation in propagation by preparing a plurality of
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receiving branches making use of the phenomenon that

fluctuation in propagation varies according to a position in
space or a frequency and synthesizing or switching received
power in each of the antenna ﬁnits. For instance, the
technology in which a plurality of receiving systems having no
correlation concerning the receiving points are provided is
called space diversity, the technology in which a plurality of
receiving systems having no correlation concerning the
frequencies is called frequency diversity, and thé technology
in which a plurality of receiving systems having no correlation
concerning the planes of polarization is called polarization
diversity.

on the other hand, as an antenna for a mobile station in
mobile communications, omnibearing is required for the
horizontal plane so that a receiving level willinot change
according to the difference in a direction ;n which an electric

wave arrives, also, a beam faces the substantially horizontal

_direction because an electric wave arrives in the substantially

the horizontal direction, that the construction should be
rigid, and that the form of the antenna is well harmonized with
external appearance of the mobile body. Conventionally there
have been used,.as representative antennas for mobile stations,
a uni-pole antenna based on simple construction, a sleeve antenna
little affected by a conductive plate and having excellent

directivity, a 5/8 wavelength antenna, a reversed F-shaped
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antenna which is compact and well suited to incorporation in a
portable unit, or the like.

However in the conventional type of antennas for a mobile
station, it is impossible to take adequate countermeasures
against fading described above, and also in an antenna for a
mobile station in mobile communications, it-has been desired to
introduce the diversity technology as a technology for

alleviating effects by fading.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
diversity antenna circuit of polérized diversity in which a
plurality of receiving systems having no correlation in the
planes of polarization are provided and fluctuation in
propagation is reduced by switching, for instance, received
power for each of the antenna units, said diversity antenna
suppressing mutual interference in reception by each receiving
systeﬁ and enabling accurate selection of and switching to a
receiving system of high receiving sensitivity.

It is another object of the present invention to provide a
diversity antenna circuit which can be used as an antenna for
a mobile station such as a portable telephone required for the
size to be minimized as much as possible and is suited to
incorporation in a portable unit.

With the diversity antenna circuit according to the present
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invention, two receiving systems having no correlation between
each other about a plane of polarization are provided therein.
Fluctuation during propagation of electric wave is reduced by
switching electric power received thereby with a switching
means. More specifically, a plane of vertical polarization of
electric wave is mainly received by the first antenna, and a
plane of horizontal polarization of electric wave is mainly
received by the second antenna. The electric field strength of
a received signal received by the first antenna and second
antenna is detected by the receiving means. One end of the
first antenna and second antenna each is connected to the
receiving means by ON or OFF control of the first switching
means and the second switching means based on the electric

field strength in the switching control means. The receiving

means is separated from the other end of the first antenna and

second antenna. Impedance matching between the first antenna
and the receiving means is executed by the first matching
means, and impedance matching between the second antenna and
the receiving means is executed by the second matching means.
A diversity antenna circuit in which interference between each
other in each of receiving operations éan thereby be
suppressed. Accurate selection of the antenna having higher
receiving sensitivity and switching to that antenna are thus

provided.

Other objects and features of this invention will become
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understood from the following description with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing a diversity antenna
circuit according to an embodiment of the present invention;

Fig. 2A is a view showing an equivalent circuit in case
where a horizontally positioned half-wavelength dipole antenna
is separated from fhe circuit;

Fig. 2B ié a view showing an equivalent circuit in the case
where a vertically positioned 1/4 wavelength whip antenna is
separated from the circuit;

Fig. SA is a horizontal plane view showing an equivalent
circuit in the case where a horizontally positioned half-
wavelength dipole antenna is separated from the circuit;

Fig. 3B is-a field strength pattern showing orientation of
a radiated electric field strength in a vertical plane;

Fig. 4A is a horizontal plane view of a wavelength in the
case where the vertically positioned 1/4 wavelength whip
anfenna is separated from the circuit;

Fig. 4B is a field strength pattern showing orientation of
a radiation electric field strength in a vertical plane;

Figs. 5A and 5B depict two packaged pattern views each
showing the diversity antenna circuit according to the

embodiment (Fig. 5A is a pattern view showing a surface of the
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packaged pattern thereof; and Fig. 5B is a pattern view showing

a rear surface thereof).

Detailed description is made hereinafter for an outline as
well as an embodiment of the diversity -antenna circuit
according to the present invention with reference to the
related drawings. |

In the diversity antenna circuit according to a first
feature of the present invention, as shown in Fig. 1, a
vertical plane of polarization of an electric wave is mainly
received by a first antenna 101, a horizontal plane of
polarization of an electric wave is mainly received by a second
antenna 102, an electric field strength of the signal received
by the first antenna 101 or second antenna 102 is detected by
a receiving means 121, and in a switching means 122, the
receiving means 121 is connected to either one of the first
antenna 1001 or second antenna 102 and the other of the first
antenna 101 and second antenna 102 is separated from the
receiving means according to ON control or OFF control provided
by a first switching means 116 as well as by a second switching
means based on the electric field strength.

It should be noted that impedance matching between the first
antenna 101 and the receiving means 121 is executed by a first

matching means 109, and impedance matching between the second
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antenna 102 and the receiving means 121 is executed by the
second matching means 108.

In polarization diversity in which two receiving systems

-having no correlation concerning a plane of polarization are

provided and fluctuation in propagation of electric wave is
reduced by switching received powers in .the two receiving
systems with a switching control means, by introducing the
configuration as described above, it is possible to realize a
diversity antenna Ci;cuit which can suppress mutual
interference in a receiving operation in each receiving systém
and can select one of the receiving systems having higher
receiving sensitivity. | _

Also in the diversity antenna circuit according to a second
feature of the present invention, it is preferable that, as
shown in Fig. 1, the first antenna 101 is a 1/4 wavelength
whip antenna installed in the vertical direction, the second
antenna 102 is a half- wavelength dipole antenna installed in
the horizontal direction and including a 1/4 wavelength fifst
conductor section 103 and a 1/4 wavelength second conductor
104. | The first matching means 109 is preferably a 1/4
wavelength firsﬁ_strip line having one edge thereof connected
to a feeding point of the 1/4 wavelength ﬁhip antenna 101, the
second matching means 108 is a 1/4 wavelength feeder line
comprising two lines in paréllel to each other aﬁd including
the first feeder line section 106 having the other edge thereof

w_;_______.______-—————————-_
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connected to a feeding point of the 1/4 wavelength first -
conductor section 103 and the second feeder line section 107
having the other end thereof connected to a feeding point of
the 1/4 wavelength second feeder section 104. The first transfer
means 110 is a 1/4 wavelength second strip line having the
other end thereof connected to tbe 1/4 wavelength first strip
line 109, and the second transfer means 111 is a 1/4 wavelength
third strip line having the other end thereof connected to the
first feeder line section 106 or the second feeder line section
107.

With this configuration described above, a vertical plane
of polarization of electric wave is received by the 1/4
wavelength whip antenna 101, and a horizontal plane of
polarization of electric wave is received by the half-
wavelehgth dipole antenna 102, so that the one having higher
receiving sensitivity can accurately be selected and switched

thereto by the switching control means 122. Impedance matching

‘between the first antenna as well as the second antenna and the

receiving means 121 is accurately executed by the first
matching means 109 and the second matching means 108. When the
first antenna 101 or the second antenna 102 is separated from
the receiving means 121, impedance at the feeding poiﬂt of the
first éntenna 101 or the second antenna 102 can be made higher,
and for this reason mutual interference in the receiving

operation in each of the receiving systems can be suppressed.
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Also, by introducing a first transfer means 110 comprising
a 1/4 wavelength second strip line and a second transfer means
111 comprising a 1/4 waveform third strip 1line, flexible
circuit designing such as setting said strip lines so that a
capacity componeht or an induction component or the like due to
elements realizing a first .switching means 115 and second
switching means 116 are accommodated by the 1/4 wavelength
second strip line 110 and 1/4 wavelength third strip line 111
becomes possible. This makes.it possible to realize a divefsity
antenna circuit having excellent characteristics which can
reduce loss when connected or disconnected.

In the diversity antenna circuit according to a third
feature of the present invention, as shown in Fig. 1, when it
is determined that electric field strength of a signal received
by the first antenna 101 is higher than that by the second
antenna 102, the first switching means 115 is turned OFF and
the second switChing means 116 is turned ON by a switching
control means 112. When it is determined that the electric
field strength of a signal received by the second antenna 102
is higher than that by the first antenna 101, however, the
first switching means 115 is turned ON and the second switching
means 116 is turned OFF. |

with this feature, when.it is determined that the electiic
field strength received by the first antenna 101 is higher,

then a receiving system based on the second antenna 102 is

Lone
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disconnected and a receiving system based on the first antenna
101 is connected for receiving operation by the receiving
system to be executed. When it is determined that the electric
field strength received by the second antenna 102 is higher, the
receiving system based on the first antenna 101 is disconnected
and the receiving system based on the second antenna 102 is
connected.

Also, in the diversity antenna circuit according to a fourth
feature of the present invention, as shown in Fig. 1, a
connection point 131 between the first antenna 101 and the
first matching means 109 is connected to or disconnected ffom
a connection point 133 between the first transfer means 110
and the receiving means 121 according to ON or OFF control
provided by the first switching means 115. A connection point
between the second antenna 102 and the second matching means
108 is connected to or disconnected from a connection point 133
between the second transfer means 111 and the receiving méans
121 according to ON control or OFF control provided by the
switching means 116.

Specifically, according to ON/OFF control by the first
switching means 115, the end of the first matching means 109
not connected to the first antenna 101 is shorted or opened to
control, a connection point between the first antenna 101 and
the first matching means 109. Namely, a feeding point of the

first antenna 101 is opened or shorted, and also according to

—_—
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ON/OFF control by the second switching means 116, another end
of the second matching means 108 not connected to the second
antenna 102 is shorted or opened, and a connection point
between the second antenna 102 and the second matching means
108, namely a feeding point of the second antenna 102 is opened
or shorted. It is thus possible to realize a diversity
antenna circuit in which selection or switching of a receiving
system can accurately be executed by the switching control
means 122 and also loss in connection or disconnection can be
reduced.

Furthermore, in the diversity antenna circuit according to
a fifth feature of the present invéntion) as.shown in Fig. 5,
the diversity antenna circuit is packaged on a multilayered
substrate, and the 1/4 wavelength first conductor section 103
as well as the first feeder line section 106 and the 1/4
wavelength second conductor section 104 as well as the second
feeder line section 107 are packaged on different layers
respectively.

As described above, by packéging a diversity antenna circuit
on a circuit board, it can be used as an antenna for a mobile
station, such as a portable telephone, for which a high degree
of miniaturization is required, and a diversity antenna circuit
suited to incorporation in a portable unit can be realized.
Also by packaging a half-wavelength dipole antehna 102 and the

1/4 wavelength feeder line 108 comprising 2 lines in parallel
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to each other on different layers respectively, it becomes
possible to make an element width larger and also to reduce
loss. For this reason, a diversity antenna circuit, which has
excellent performance in a broader frequency band area, can be
realized.

Fig. 1 is a block diagram showing the diversity antenna
circuit according to an embodiment of the present invention. In
the figure, the diversity antenna circuit of the present
invention comprises a vertically positioned 1/4 wavelength whip
antenna 101, a horizontally positioned half-wavelength dipole
antenna 102, a 1/4 wavelength feeder line 108 comprising two
lines in parallel to each other, a 1/4 wavelength first strip
line 109, a 1/4 ﬁavelength second strip line 110, a 1/4
wavelength third strip line 111, a 1/4 wavelength second strip
line 110, a 1/4 wavelength third strip line 111, a diode 115,
a diode 116, a receiving circuit 121, and a CPU 122.

The vertically positioned 1/4 wavelength whip antenna 101
receives mainly a vertical plane of polarization of electric
wave. The horizontally positioned half-wavelength dipole
antenna 102 comprises a first conductor section 103 and a
second conductor section 104, and mainly receives a horizontal
plane of polarization of electric wave.

The 1/4 wavelength first strip line 109 is for matching
impedance of the vertically positioned 1/4 wavelength whip
antehna 101 to that of the receiving circuit 121. Also the 1/4

.\\\
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wavelength feeder line 108 comprising two line in parallel to
each other comprises a first feeder line section 106 connected
to the first conductor section 103 and a second feeder line
section 107 connected to the second conductor section 104, and
is for matching impedance of the horizontally positioned half-
wavelength dipole antenna 102 to that of the receiving circuit
121.

The 1/4 wavelength second strip line 110 transfers a signal
received from the vertically positioned 1/4 wavelength whip
antenna 101 to the receiving circuit 121 and also has a
matching function for open/short-controlling a connection point
133 simultaneously when the diode 115 is ON/OFF-controlled.
The 1/4 wavelength third strip line 111 transfers a éignal
received from the horizontally positioned half-wavelength
dipole antenna 102 to the.receiving circuit 121, and also has

a matching function for open/short-controlling the connection

point 133 simultaneously when the diode 116 is ON/OFF-

controlled.

The receiving circuit 121 has at least a function fdr
detecting an electric field strength of a received signal, and
the result of detection of the electric field strength is
reported to the CPU 122. The CPU 122 determines with which
antenna (receiving system) a signal should be received
according to the electric field strength of the received signal

obtained in the receiving circuit 121, and a bias~control in
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regular or reverse direction of the diodes 115 and 116 is
executed by control signals 125 and 126 respectively.

The CPU 122 provides a reverse-directional bias controel for
the diode 115 and also provides a regular—-directional bias-
control for the diode 116 when it is determined that electric
field strength of a signal received by the vertically
positioned 1/4 wavelength whip antenna 110 is higher than that
by the horizontally positioned half-wavelength dipole antenna
102 so that a connection point 131 between the vertically:
positioned 1/4 wavelength whip antenna 101 and the 1/4 wavelength
strip line 109 is shorted and at the same time a connection
point between the horizontally positioned half-wavelength
dipole antenna 102 and the 1/4 wavelength feeder 1line 108
comprising two lines in parallel to each other is set in the
open state.

Also, the CPU 122 provides a regular-directional control for
the diode 115 and also provides a reverse-directional bias

control for the diode 116 when it is determined that the

.electric field strength of a signal received by the

horizontally positioned half-wavelength dipole antenna 102 is
higher than that by the vertically positioned 1/4 wavelength
whip antenna 101, so that a connection point 131 between the
vertically positioned 1/4 wavelength whip antenna 101 and the
1/4 wavelength first strip line 109 is set in the open state

and at the same time a connection point between the horizontally

et
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positioned half-wavelength dipole antenna 102 and the 1/4
wavelength feeder line 108 comprising two lines in parallel to
each othér is shorted.

Next, a description is made for features of the vertically
positioned 1/4 wavelength whip antenna 101 and the
horizontally positioned half-wavelength dipole antenna 102.

The diversity antenna circuit of the present embodiment has
the configuration of polarization diversity, and two receiving
systems of the vertically positioned 1/4 wavelength whip
antenna 101 and the hoiizontally positioned half-wavelength
dipole antenna 102 are required to have no correlation with
each other cdncerning plane of polarization.

Then, in an equivalent circuit of the diversity antenna
circuit shown in Fig. 2, testing is performed for checking the
characteristics by means of simulation, assuming location and
configuration of the vertically positioned 1/4 wavelength whip
antenna 101 and the horizontally positioned half-wavelength
dipole antenna 102 as follows.

Length of the vertically positioned 1/4.wavelength whip
antenna 101 : L1 = 37 [ mm ]

Diameter of the horizontally-positioned 1/4 wavelength whip
antenna 101 : 1 [ mm ]

Length of the horizontally positioned half-wavelength dipole

antenna 102 : L 2 = 71 [ mm ]

Diameter of the horizontally positioned half-wavelength
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dipole antenna 102 : 1 [ mm ]

Distance between antennas : D = 5 [ mm ]

Length of the 1/4 wavelength feeder line 108 comprising two
lines in parallel to each other : L 3 =28 [ mm ]

A simulation experiment in equivalent circuits each shown
in Fig. 2A and Fig. 2B was carried out with the simulator
ELNEC. Fig. 2A is an equivalent circuit in the state where
impedance at the feeding point of horizontally positioned half-
wavelength dipole antenna 102 is made higher (100 [Q]) and the
antenna is separated from the vertical one, while Fig. 2B is an
equivalent circuit in the case where impedance at the feeding
point of the vertically positioned 1/4 wavelength whip antenna
101 is made higher (100 [Q1]) and the antenna is separated from
the horizontal one. |

When the horizontally positioned half-wavelength dipole
antenna 102 is separated therefrom, the result of simulation
according to Fig. 2A is shown in Fig. 3. Each of Fig. 3A and
Fig. 3B 1is a field strength pattern, and Fig. 3A shows
orientation of radiated electric field strength on a horizontal
plane thereof, while Fig. 3B shows that on a vertical plane
thereof.

In Figs. 3A and 3B, the field strength pattern (V in the
figure) of the vertically positioned 1/4 wavelength whip
antenna 101 is dominant as compared with that (H in the figure)

of the horizontally positioned half-wavelength dipole

e
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antenna 102, so that it can be said that receiving by the
vertically positioned 1/4 wavelength whip antenna 101 is hardly
affected by the horizontally positioned half-wavelength dipole
antenna 102. With_this_feature, it is understood that, when the
horizontally positioned half-wavelength dipole antenna 102 is
separated, the impedance at the feeding point may be set to 100
Q or more. |

When the vertically positioned 1/4 wavelength whip antenna
101 is separated, the result of simulation of Fig. 2B is as
shown in Fig. 4. Each of Fig. 4A and Fig. 4B shows a field
strength pattern, and Fig. 4A shows orientation of radiated
electric field strength on a horizontal plane thereof, while
Fig. 4B shows that on a vertical plane thereof.

In Figs. 4A and 4B, the field strength pattern (H in the
figure) of the horizontally positioned half—wavelength
dipolé antenna - 102 is dominant as compared with that (V in the
figure) of the vertically pbsitioned 1/4 wavelength whip
antenna 101, so that it can be.said that receiving by the
horizontally positioned half- wavelength dipole antenna 102 is
hardly affected by the vertically positioned 1/4 wavelength
whip antenna 101. With this feature, it is understood that,
when the vertically positioned 1/4 wavelength whip antenna 101
is separated, the impedance at the feeding point may be set to
100 Q or more.

As described above, the switching control sectioﬂ comprises
I —
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diodes 115 and 116, such as an HSU277, and a CPU 122, and
the CPU 122 determines from the electric field strength of a
received signal obtained by the CPU via the receiving circuit
121, and bias control for a regular direction/reverse direction
to the diodes 115 and 116 is executed according to control
signals 125 and 126 therefrom respectively.'

Namely, the other end 132 of the 1/4 wavelength first strip
line 109 not connected to the vertically positioned 1/4
wavelength whip antenna 101 is short/open-controlled according
to a bias control for a regular direction/a reverse direction
to the diode 115, and with this feature, when it is seen from
the connection point 132, the connection point 131 between the
vertically positioned 1/4 wavelength whip antenna 101 and the
1/4 wavelength first strip line:109, namely the feeding point
of the vertically positibned 1/4 wavelength whip antenna 101 is
open/short-controlled, and also the connection point 133
between the 1/4 wavelength second strip line 110 and the
receiving circuit 121 is controlled for opening or shorting.

The other end 134 of the 1/4 wavelength feeder line 108
comprising two lines in parallel to each other not connected to
the horizontaliy positioned half-wavelength dipole antenna 102
is controlled for shorting or opening according to a bias
control for a regular direction or a reverse direction to the
diode 1ll6. With this feature, when it is seen from fhe

connection point 134, the connection point between the

-
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horizontally positioned half-wavelength dipo;e antenna 102 and
the horizontally positioned half-wavelength dipole antenna 104,
namely the feeding point of the horizontally positioned half-
wavelength dipole antenna 102 is controlled for opening or
shorting, and also the connection point 133 between the 1/4
half-wavelength third strip line 111 and the'receiving circuit
121 is controlled for opening or shorting.

When the CPU 122 determines from the electric field strength
obtained by the receiving circuit 121 that an electric field
strength of a signal received by the vertically positioned 1/4
wavelength whip antenna 101 is higher than that by the
horizontally positioned half—waﬁelength dipole antenna 102, the
receiving system based on the horizontally positioned half-
wavelength dipole antenna 102 is separated therefrom by reverse
biasing to the diode 115 and forward biasing the diode 116, and
also the receiving system based on the vertically positioned
1/4 wavelength whip antenna 101 is connected thereto, whereby
receiving operation is executed. |

When the CPU 122 determines that an electric field strength
of a signal received by the horizontally positioned half-
wavelength dipole antenna 102 is higher than that in receiving
by the vertically positioned 1/4 wavelength whip antenna 101,
the receiving system based on the 1/4 wavelength whip antenna
101 is separated therefrom by forward biasing the diode 115

and a reverse biasing the diode 116, and also the receiving

‘This Sheet Has Been Replaced

I 111 N

camwrer

e s v .




10

15

20

25

system based on the horizontally positioned half-wavelength
dipole antenna 102 is connected thereto, whereby receiving
operation is executed.

As described above, the matching means comprises a 1/4
wavelength first strip line 109 for matching impedance of the
vertically positioned 1/4 wavelength whip antenna 101 to the
switch section for switching described later and a 1/4
wavelength feeder line 108 comprising two lines in parallel to
each other having a first feeder line section 106 connected to
the first conductor section 103 and a second feeder line section
107 connected to the second conductor 104 and for matching
impedance of the horizontally positioned half-wavelength dipole
antenna 102 to the switching section fof switching.

Features required as a matching means for the diversity
antenna circuit is, firstly, to match the impedance of the
antenna to an output from the switch section for switching, and
secondly, to make higher the impedance at the feeding point
when separated therefrom.

The circuit satisfying these requests is a 1/4 wavelength
strip line. The impedance of the horizontally positioned half-
wavelength dipole antenna 102 is 72 [Q], and the impedance of
the vertically positioned 1/4 wévelength whip antenna 101 is
36 [Qj. The output from the switch.section may match the
antenna impedance during passing through, and the impedance at
the feeding point may be high when it is separated.

- —
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Here in the circuit features were checked by a simulation
experiment with a simulator of "Touch stone" for designing of
the matching means. As a result of the simulation experiment,
a loss of 0.3 [dB] and isolation of 25 [dB] in a péssing
direction respectively were obtained. As for impedance, it
was 76 + j 18 [R] in the horizontally' positioned half-
wavelength dipole antenna 102, and it was 39 + j 8 {Q] in the
verticalvly positioned 1/4 wavelength whip antenna 101, and as
for the impedance when separated, it was 1 [kQ] or more when
the horizontally positioned half-wavelength dipole antenna 102
was separated, and it was approx. 650 [Q]1 when the vertically
positioned 1/4 wavelength whip antenna 101 was separated. It
was recognized from the result of the testing described above
that configuration of the matching means of the present
embodiment was appropriate.

As for the matching means with the horizontally positioned
half-wavelength dipole antenna 102, a 1/4 wavelength strip
line is realized with the 1/4 wavelength feeder 1line 108
comprising two lines in parallel to each other. Namely, if
configured with an identical impedance and two 1lines in
parallel to each other with 1/4 wavelength having the same
length, these are equivalent to each other.

A packaging pattern view of tﬁe diversity antenna circuit
of the present embodiment is shown in Figs. 5A and 5B. Fig. 5A
is a pattern view of the surface thereof, while Fig. 5B is a

—
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pattern view of the rear surface thereof.

In Fig. 5A, the vertically positioned 1/4 wavelength whip
antenna 101, second conductor section 104 of the horizontally
ﬁositioned half-wavelength dipole antenna 102, second feeder
line section 107 of the 1/4 wavelength feeder line 108
comprising two lines in parallel to each other, 1/4 wavelength
first strip line 109, a 1/4.wavelength second strip line 110,
1/4 wavelength third strip line 111, diode 115, diode 116, and
feeder line 123 to the receiving circuit 121 are packaged on the
surface thereof. In Fig. 5B, the first conductor section 103
of the horizontally positioned half-wavelength dipole
antenna 102, first feeder 1line section 106 of the 1/4
wavelength feeder line 108 comprising two lines in parallel to
each other, and a grand.pattern 704 are packaged on the rear
surface thereof. It should be noted that the reference numerals
702 and 703 each indicate a through hole.

Application of the circuit for an antenna for a mobile

station requiring a high degree of miniaturization of a potable

‘telephone unit or the like becomes possible by packaging the

diversity antenna circuit on the circuit substrate as described
above, and for this reason, a compact diversity antenna.circuit
suitable to incorporation in a portable unit can be realized.

Also, the first conductor section 103 as well as the first
feeder line section 106 and the second conductor section 104

as well as second feeder line section 107 each constituting the
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half-wavelength dipole antenna 102 and 1/4 wavelength feeder
line 108 comprising two lines in parallel to each other are
packaged in different layers. Thus, the width of these
elements can be made largef, and losses can be reduced, and
for this reasoh, a diversity antenna circuit with excellent
perfo'rmance can be realized at a wider freqtiency band.

As described above, with the diversity antenna circuit
according to a first feature of the present invention, two
receiving systems having no correlation between each other
about a plane of polarization are provided .therein.
Fluctuation during propagation of electric wave is reduced by
switching electric power received thereby with a switching
means. More specifically, a plane of vertical polarization of
electric wave is mainly received by the first antenna, a plane
of horizontal polarization of electric wave is mainly received
by the second antenna, an electric field strength of a
received signal received by the first antenna and second
antenna is detected by the receiving means, one end -of the
first antenna and second antenna each is connected to the
receiving means by ON control .or. OFF control of the first
switching means and the second switching means based on the
electric field strength in the switching control meané. The
receiving means is separated from the other end of the first
antenna and second antenna, impedance matching between the first

antenna and the receiving means is executed by the first
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matching means, and impedance matghing between the second
antenna and the receiving means is executed by the second
matching means. A diversity antenna circuit in which
interference between each other in each of recéiving operations
can aécordingly be suppressed and accurate selection of the
antenna one having highér receiving sensitivity.

With the diversity antenna circuit according to a seéond
feature of the present invention, the first antenna is a 1/4
wavelength whip antenna installed in a vertical'direction, the
second antenna is a half-wavelength dipole antenna installed
in a horizontal direction and including a 1/4 wavelength first
conductor section and a 1/4 wavelength second conductor section.
The first matching means is a 1/4 wavelength first strip line
having oné end thereof connected to a feeding point of the 1/4
wavelength whip antenna. The second matching ﬁeans is a 1/4
wavelength feeding line comprising two lines parallel to each
other including a first feeder line section having one end
thereof connected to a feeding point of the 1/4 wavelength
first conductor section and a second feeder line section
having one end connected to a feeding point of 1/4 wavelength
second conductor section. The first transfer means is a 1/4
wavelength second strip line connected to the other end of the
1/4 wavelength first strip line, and the second transfer means
is a 1/4 wavelength third strip line connected to the other end

of the first feeder line section or the second feeder line
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section. Thereby when a plane of vertical polarization of
electric wave is received by the 1/4 wavelength whip antenna
and a plane of horizontal polarization is received by the half
wavelength dipole antenna, the another having higher receiving
sehsitivity can be accurately selected and switched by the
switching control meahs, and matching impedance between the
first antenna as well as the second antenna and the receiving
means can be executed without fail by the first matching means.
and the second matching means. In addition, impedance at
feeding points each of the first antenna and the second antenna
can be made_ higher when the first antenna and the second
antenna are separated from the receiving means. For this reason,

mutual interference in receiving operation in each of the

‘receiving systems can be suppressed.

Also the circuit according to the second feature comprises
the first transfer means through the 1/4 wavelength strip line
and the second transfer means through the 1/4 wavelength third
strip line. Flexible circuit design such that the strip line
is set is possible so that a capacity component and an induction
component with elements realizing the first switching means
and the second switching means can be absorbed in the 1/4
wavelength second strip line and the 1/4 wavelength third strip
line. Losses produced by connection thereof and separation
therefrom can be reduced, and for this reason, a diversity

antenna circuit with excellent performance described above can

\\\‘\ii\\\\\\\\\\\\\\\\\\\



10

15

20

25

be realized.

With the diversity antenna circuit according to a third
feature of the present invention, the switching control means
turns OFF the first switching means and ON the second switching
means when it determines that the electric field strength of a
signal received by the first antenna is higher than that by the
second antenna. The switching means turns ON the first
switching means and OFF the second.switching means when it
determines that the electric field strength of a signal
received by he second antenna is higher than that by the first
antenna, so that the receiving system with the second antenna
is separated from the circuit, the receiving system with the
first antenna is connected thereto. Reception by the receiving

system is executed when it is determined that the electric

' field received by the first antenna is higher, while the

receiving system with the first antenna is separated from the
circuit, the receiving system with the second antenna is
connected thereto. Reception by the receiving system is
executed when it is determined that the electric field in
receiving with the second antenna is higher, thus selection and
switching of a receiving system being executed without fail.
With the diversity antenna circuit according to a fourth
feature of the present invention, a connection point between
the first antenna and the first matching means is connected to

or disconnected from a connection point between the first
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transfer means and the receiving means according to ON or OFF
control by the first switching means, while a connection point
between the second antenpa_and the second matching means is
connected to and disconnected from a connection point between
the second transfer means and the receiving means according to
ON or OFF control by the second switching means, and the
connection point between the first antenna and the first
matching means. The feeding point of the first antenna is
open/short-controlled according to ON/OFF control by the first
switching means, while the connection point between the second
antenna and the second matching means. The feeding point of
the second antenna is open/short-controlled according to ON/OFF
control by the second switching méans, so that selection and
switching of a receiving systém by the switching control means
can be executed without fail. ILosses produced by connection
theréto and separation therefrom can be reduced, and for this
reason, a diversity antenna circuit with excellent performance
described.above can be réalized.

Furthermore, with the diversity antenna circuit according
to a fifth feature of the present invention, the diversity
antenna circuit is packaged on a multilayered substrate, and
the 1/4 wavelength first conductor section as well as the first
feeder line section and the 1/4 wavelength second conductor
section as well as the second feeder line section are packaged

in different laYers respectively, so that it is possible that
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the circuit is applied to an antenna for a mobile station
required a high degree of miniaturization of a potable
telephone unit or the 1like. A compact diversity antenna
circuit suitable to incorporation in a potable unit can thus be
realized. Alsoc the width of elements can be made greater by
packaging a half-wavelength dipole antenna and a 1/4 wavelength
feeder line comprising two lines in parallel to each other in
different layers, and losses can be reduced. For this reason,
a diversity antenna circuit with excellent performance at a wider
frequency band can be realized.

Although the invention has been described with respect to
a specific embodiment for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructioﬁs that may occur to one skilled in the art which

fairly fall within the basic teaching herein set forth.
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WHAT IS CLAIMED IS:

1. A diversity antenna circuit comprising:

a first antenna for mainly receiving a vertically polarized
electric wave;

a second antenna for mainly receiving a horizontally
polarized electric wave;

a receiving means for detecting an electric field strength
of a signal regeived by said first antéhna and said seéond
antenna;

a first matching means for matching impedance of said first
antenna to that of said receiving means;

a second matching means for matching impedance of said
second antenna to that of said receiving means;

a first transfer means having one end therecf connected to
the end of said first matching means not éonnected to said
first éﬂtenna and another end connected to said receiving means;

a second transfer means having one end thereof éonnected to
the end of said second matching means not connected to.said
second antenna and another end thereof connected to said
receiving means;

a first switching means coupled between a connection point
of said first matching means with said first transfer means and
a ground voltage terminal;

a second switching means coupled between a connection point

of said second matching means with said second transfer means

e
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and the ground voltage terminal; and

a switching control means for cbntrolling said first'and
second switching means to connect said receiving means to one
of said first antenna and said second antenna and separating
said receiving means from another of said first antenna and
said second antenna based on the electric field strength

detected by said receiving means.

2. A diversity antenna circuit according to claim 1,

wherein said switching control means turns OFF said first

switching means and ON said second switching means when it

determines that the electric field Strength when receiving with

said first antenna is higher than that when receiving with -

said second antenna and also turns ON said first switching
means and OFF said second switching means when it determines
that the electric field strength when receiving with said

second antenna is higher than that when receiving with said

first antenna.

3. A diversity circuit according to claim 1, wherein a
connection point between said first antenna and said first
matching means is connected to or disconnected from a
connection point between said first transfer means and said
receiving means according to ON control or OFF control by said

first switching means, and a connection point between said second
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antenna and said second matching means is connected to or
disconnected- from a connection point between said second
transfer means and said receiving means according to ON control

or OFF control by said second switching means.

4, A diversity antenna circuit accdrding to claim 1,
wherein said first antenna is a 1/4 wavelength whip antenna
installed in a vertical direction; said second antenna is a
half-wavelength dipole antenna installed in a horizontal
direction and ingluding a 1/4 wavelength first conductor
section and a 1/4 wavelength second conductor section; said
first matching.means is a 1/4 ﬁhvelength first strip 1line
having one end thereof connected to a feeding point of said 1/4
wavelength whip.antenna; said second matching means is a 1/4
wavelength feeder line comprising two lines parallel to each
other and including a first feeder line section having one end
thereof connected tola feeding point of said 1/4 wavelength
first conductor section and a second feeder line section having
one end thereof connected to a feeding point of said 1/4
wavelength second conductor section; said first transfer means
is a 1/4 wavelength second strip line connected to the other
end of said 1/4 wavelength first strip line; and said second
transfer means is a 1/4 wavelength third strip line connected

to the other end of said first feeder line section or said

second feeder line section.
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5. A diversity antenna circuit according to claim 4,
wherein said switching control means turns OFF said first
switching means and ON said second switching means when it
determines that the electric field strength when receiving with
said first antenna is higher than that when receiving with said
second antenna and also turns ON said first switching means
and OFF said second switching means when it determines that the
electric field strength when receiving with said second antenna

is higher than that when receiving with said first antenna.

6. A diversity circuit according to claim 4, wherein a
connection point between said first antenna and said first
matching means is connected to or disconnected from a
connection point between said first transfer means and said
receiving means according to ON control or OFF control by said
first switching means, and a connection point between said second
antenna and said second matching.means is connected to or
disconnected from a connection point between said second
transfer means and said receiving means according to ON control

or OFF control by said second switching means.

7. A diversity antenna circuit according to claim 4,
wherein said diversity antenna circuit is packaged on a
multilayered substrate and said first 1/4 wavelength first

conductor section and said first feeder line section, and said

L
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1/4 wavelength second conductor section and said second feeder

line section are packaged in different layers respectively.

8. A system for reducing fading of received signals,
comprising:

first and second antennas for receivihg first and second
waves polarized in first and second planes, respectively;

a receiving circuit coupled to said first and second
antenﬁaS‘for detecting intensity of the received waves;

a first switch coupled to said first antenna and having a
first state for connecting said first antenna to said receiving
circuit, and a second state for séparating said first antenna
from said receiving circuit;

a second switch coupled to said second antenna and having
a first state for cdnnecting said second antenna to said
receiving circuit, and a second state for ‘separating said
second antenna from said receiving circuit; and

a switch control circuit coupled to said first and second
switches and responsive to said receiving circuit for setting
said first and second switches into the first and second
states, respectively, when the intensity of the first wave is
higher than the intensity of the second wave, and for setting
said first and second switches into the second and first
states, respectively, when the intensity of the first wave is

lower than the intensity of the second wave.
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9. The system of claim 8, wherein each of said first and
second switches comprises a diode controlled by said switch

control circuit.

10. The system of claim 8, wherein said first antenna
comprises a vertically positioned quarfer-wavelength whip
antenna, and said second antenna comprises a horizontally

positioned half-wavelength dipole antenna.
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