EP 1182 729 A1

Europdisches Patentamt

European Patent Office

(19) g)

(12)

Office européen des brevets

(11) EP 1182 729 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 158(3) EPC

(43) Date of publication:
27.02.2002 Bulletin 2002/09

(21) Application number: 00906707.5

(22) Date of filing: 06.03.2000

(51) intcl.”: HO1Q 11/08, HO1Q 5/00

(86) International application number:
PCT/JP00/01324

(87) International publication number:
WO 01/67551 (13.09.2001 Gazette 2001/37)

(84) Designated Contracting States:
ATBECHCYDEDKESFIFRGBGRIEITLILU
MC NL PT SE

(71) Applicant: MITSUBISHI DENKI KABUSHIKI
KAISHA
Tokyo 100-8310 (JP)

(72) Inventor: Kajikawa, Hiroshi Mitsubishi Denki K.K.
Tokyo 100-8310 (JP)

(74) Representative: Popp, Eugen, Dr. et al
MEISSNER, BOLTE & PARTNER Postfach 86 06
24
81633 Miinchen (DE)

(54)

(57)  The present invention pertains to a transmit-
ting-receiving shared antenna that is used in portable
terminals for satellite communication and terrestrial
communication. A varactor diode is provided in the feed-
erto each antenna element of a helical antenna. A trans-

TRANSMITTING AND RECEIVING ANTENNA

mitting-receiving shared antenna device is obtained in
which the bias voltage to be applied to each varactor
diode is switched between transmission and reception
to thereby change the electrical length of the antenna,
permitting resonance at transmitting and receiving fre-
quencies.
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Description

TECHNICAL FIELD

[0001] The presentinvention relates to a transmitting-
receiving shared antenna device that is used in a port-
able terminal for satellite communication and terrestrial
communication.

BACKGROUND ART

[0002] Fig. 4 depicts a conventional transmitting-re-
ceiving antenna device for portable terminal use. In Fig.
4, reference numeral 1 denotes a four-wire transmitting
helical antenna which provides circular polarization, and
2 a four-wire receiving helical antenna which also pro-
vides circular polarization. Reference numeral 3 de-
notes a divider for feeding to the transmitting helical an-
tenna 1, and 4 a transmitter formed by a high output am-
plifier or the like which outputs a transmission signal.
Reference numeral 5 denotes a combiner for combining
signals received by the receiving helical antenna 2, and
6 a receiver formed by a low noise amplifier or the like.
[0003] A description will be given of the transmitting-
receiving operation by the conventional transmitting-re-
ceiving antenna device. The transmission signal of the
transmitting system is subjected to operations for the re-
moval of unwanted waves and high output amplification
in the transmitter 4, thereafter being input to the divider
3. This transmission signal is divided by a delay opera-
tion of the divider 3 to four signals of phase differences
0°, 90°, 180° and 270°, which are input to the four-wire
transmitting helical antenna 1. Now, let it be assumed
that the line lengths of four feeders from four output ends
of the divider 3 to the transmitting helical antenna 1 are
the same and that respective antenna elements of the
transmitting helical antenna 1 have the same line length.
Letting the wavelength of the transmission wave be rep-
resented by A, the lengths of the respective antenna
elements are each set to any one of A,/4, 314/4, ..., by
which the antenna elements are allowed to resonate at
a transmitting frequency and hence transmit circularly
polarized wave signals of the above-mentioned phases.
And the combiner 5 in the receiving system combines
circularly polarized wave signals received by the four
wires of the receiving helical antenna 2 with the phase
differences 0°, 90°, 180° and 270°. Letting the wave-
length of the received wave be represented by A, the
lengths of the respective antenna elements of the re-
ceiving helical antenna 2 are each set to any one of A,/
4, 3\,/4, ..., by which the antenna. elements are allowed
to resonate at a receiving frequency and hence receive
circularly polarized wave signals of the above-men-
tioned phase differences.

[0004] When the transmitting and receiving frequen-
cies are different from but close each other, itis possible
to construct a transmitting and receiving shared helical
antenna which has a gain in a band common to both of
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the transmission and reception. However, when the
transmitting and receiving frequencies are apart from
each other or when it is desirable to optimize the gain
in transmission and reception, it is necessary to use two
different helical antennas for transmission and reception
and set the lengths of antenna elements of each helical
antenna to physical sizes that match the transmitting or
receiving frequency.

[0005] Nowadays various terrestrial cellular telecom-
munication systems and satellite-portable telephone
systems using artificial satellites have been developed,
and a dual mode or multi mode portable terminal has
also been developed which is capable of communicat-
ing with plural communication services. The frequencies
of radio waves for transmission and reception by porta-
ble terminals are determined for each communication
system; for example, in the case of a portable terminal
for transmission to and reception from two communica-
tion systems, it is necessary to use antennas corre-
sponding to four frequencies for transmission and re-
ception.

[0006] As described above, in the case of the conven-
tional antenna device for portable terminal use, when
the transmitting and receiving frequencies are not close
to each other or when the antenna gain is optimized, it
is necessary to provide helical antennas for transmis-
sion and reception, respectively--this gives rise to the
problem of the portable terminal becoming bulky. Fur-
thermore, the portable terminal for transmission to and
reception from plural communication systems also re-
quires plural helical antennas for communication, rais-
ing the same problem that the portable terminal be-
comes inevitably bulky.

[0007] The present invention is intended to solve the
above-mentioned problems and provide a transmitting-
receiving shared antenna device for portable terminals
which is formed by a helical antenna for use in common
to plural radio waves of different frequencies.

DSICLOSURE OF THE INVENTION

[0008] A transmitting-receiving shared antenna de-
vice according to an aspect of the present invention
comprises: a helical antenna for use in common to trans-
mission and reception; varactor diodes each provided
in one of feeders to antenna elements of the helical an-
tenna; and bias voltage switching means for switching
areverse bias voltage to be applied to the varactor diode
between transmission and reception to switch between
frequency bands of signals for transmission and recep-
tion by the helical antenna. Accordingly, it is possible to
switch between resonance frequencies of the helical an-
tenna for transmission and reception, providing en-
hanced frequency characteristics of the antenna during
transmission and reception.

[0009] The varactor diode has its cathode side con-
nected to the antenna element side of the helical anten-
na, and the bias voltage switching means may be one
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that applies the reverse bias voltage via a resistor con-
nected to the cathode side of the varactor diode. With
this construction, the resistor interposed between the
feeder and the voltage input terminal increases the im-
pedance of the voltage input terminal side, permitting
reduction of losses of transmission and received signals
that propagate through the feeder.

[0010] Furthermore, the varactor diode has its cath-
ode side connected to the antenna element side of the
helical antenna, and the bias voltage switching means
may be one that applies the reverse bias voltage via a
coil connected to the cathode side of the varactor diode.
With this construction, the coil interposed between the
feeder and the voltage input terminal allows matching
between the voltage input terminal side and the helical
antenna, permitting reduction of losses of transmission
and received signals that propagate through the feeder.
[0011] A transmitting-receiving shared antenna de-
vice according to another aspect of the present inven-
tion comprises: a four-wire helical antenna for use in
common to transmission and reception of circularly po-
larized wave signals; a divider/combiner for generating
four signals divided from a transmission signal, for phas-
ing the four divided signal apart by a first delay line, and
for combining received signals from the helical antenna
via a second delay line; varactor diodes each provided
between the helical antenna and the divider/combiner;
and bias voltage switching means for switching a re-
verse bias voltage to be applied to the varactor diode
between transmission and reception to switch between
frequency bands of signals for transmission and recep-
tion by the helical antenna. Accordingly, for the helical
antenna that is used in common to transmission and re-
ception of circularly polarized wave signals, too, itis pos-
sible to switch the resonance frequencies between
transmission and reception, providing enhanced fre-
quency characteristics of the antenna during transmis-
sion and reception.

[0012] A transmitting-receiving shared antenna de-
vice according to another aspect of the present inven-
tion comprises: a four-wire helical antenna for use in
common to transmission and reception of circularly po-
larized wave signals; a divider/combiner for generating
four signals divided from a transmission signal, for phas-
ing the four divided signal apart by a delay line, and for
combining received signals from the helical antenna via
the delay line; four varactor diodes each provided be-
tween one of antenna elements of the helical antenna
and the divider/combiner; and bias voltage switching
means for switching a reverse bias voltage to be applied
to the varactor diode between transmission and recep-
tion to switch between frequency bands of signals for
transmission and reception by the helical antenna. Ac-
cordingly, for the helical antenna that is used in common
to transmission and reception of circularly polarized
wave signals, too, it is possible to switch the resonance
frequencies between transmission and reception, pro-
viding enhanced frequency characteristics of the anten-
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na during transmission and reception.

[0013] A transmitting-receiving shared antenna de-
vice according to still another aspect of the present in-
vention comprises: a helical antenna for use in common
to transmission and reception; varactor diodes each
provided between one of feeders to antenna elements
of the helical antenna and a grounding point; and bias
voltage switching means for switching a reverse bias
voltage to be applied to the varactor diode between
transmission and reception to switch between frequen-
cy bands of signals for transmission and reception by
the helical antenna. Accordingly, it is possible to switch
between resonance frequencies of the antenna for
transmission and reception by matching between the
varactor diodes and the helical antenna, providing en-
hanced frequency characteristics of the antenna during
transmission and reception.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Fig. 1 is a block diagram illustrating the configura-
tion of the transmitting-receiving shared antenna
device according to the present invention (Embod-
iment 1).

Fig. 2 is a block diagram illustrating the configura-
tion of the. transmitting-receiving shared antenna
device according to the present invention (Embod-
iment 2).

Fig. 3 is a block diagram illustrating the configura-
tion of the transmitting-receiving shared antenna
device according to the present invention (Embod-
iment 3).

Fig. 4 is a block diagram showing the configuration
of a conventional antenna device.

BEST MODE FOR CARRYING OUT THE INVENTION

EMBODIMENT 1

[0015] Fig. 1 is a block diagram depicting the config-
uration of the transmitting-receiving shared antenna de-
vice according to Embodiment 1 of the present inven-
tion. Reference numeral 7 denotes a helical antenna
shared between transmission and reception, and 8 a
varactor diode set on each feeder to the helical antenna
7. The varactor diode 8 is set for each antenna element
of the helical antenna 7 and is series-connected with its
cathode on the side of the antenna element. Reference
numeral 9 denotes a first voltage input terminal, 10 a
second voltage input terminal, and 11 a switch for
switching between the voltage input terminals 9 and 10.
Reference numeral 12 denotes a resistor connected to
the cathode side of the varactor diode 8, the resistor be-
ing connected at the other end to the switch 11. Refer-
ence numeral 14 denotes a divider/combiner for feeding
to the helical antenna 7, 15 a circulator, 16 a transmitter
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formed by a high output amplifier or the like, and 17 a
receiver formed by a low noise amplifier or the like.
[0016] A transmission signal is subjected to the re-
moval of unwanted waves and high output amplification,
and input to the divider/combiner 14 via the circulator
15. The circulator 15 prevents the transmission signal
from. sneaking in the receiver 17. The transmission sig-
nal is divided by the divider/combiner 14 to a required
of feeding signals according to the number of antenna
elements of the helical antenna 7, and they are fed via
feeders to the helical antenna 7. Fig. 1 shows the case
where the transmission signal is divided to four signals.
On the other hand, received signal from the helical an-
tenna 7 are combined by the divider/combiner 14, then
the combined signal is provided via the circulator 15 to
the receiver 17, wherein it is subjected to low noise am-
plification or the like, and the amplified signal is input to
a signal processing part or the like not shown. The cir-
culator 15 prevents the received signal from sneaking
in the transmitter 16.

[0017] The transmission signals divided by the divid-
er/combiner 14 are fed via the varactor diodes 8 to the
respective antenna elements of the helical antenna 7.
Across the anode and cathode of each varactor diode
8 is applied a reverse bias voltage from the voltage input
terminal 9 or 10 via the switch 11. The condenser ca-
pacitance of the varactor diode 8 varies with the value
of this reverse bias voltage. The resonance frequency
of the helical antenna 7 is dependent on the condenser
capacitance of the varactor diode 8 and the electrical
length of each antenna element of the helical antenna
7, and accordingly, the resonance frequency varies as
the condenser capacitance varies. By setting different
voltages to be applied from the voltage input terminals
9 and 10 and switching between them by the switch 11,
it is possible to construct an antenna that resonates to
different frequencies for transmission and reception.
The switch 11 is so actuated, for example, as to apply
therethrough a reverse bias voltage from the voltage in-
put terminal 9 to the varactor diode 8 during a transmis-
sion gate period and a reverse bias voltage from the volt-
age input terminal 10 to the varactor diode 8 during a
receiving gate period. At the time of reception, too, the
resonance frequency for reception by the antenna is de-
pendent on the reverse bias voltage applied across the
anode and cathode of the varactor diode 8 from the volt-
age input terminal 10 as in the case of transmission. The
signals received by the helical antenna 7 are combined
by the divider/combiner 14, thereafter being input via the
circulator 15 to the receiver 17.

[0018] In this example, the resistor 12 is used to sup-
ply the reverse bias voltage to the varactor diode 8 and
provide impedance sufficiently higher than that of the
transmission line to reduce signal losses. The resistor
13 is used to ground the anode side of the varactor diode
8 to provide a potential difference between its anode and
cathode and provide impedance sufficiently higher than
that of the transmission line to reduce signal losses.
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[0019] Whilein Fig. 1 the resistors 12 and 13 are used
in the voltage supply circuit for applying the reverse bias
voltage to the varactor diode 8, they may be replaced
with coils. With the use of coils, it is possible to provide
matching between the voltage supply circuit for the bias
application and the anode grounding circuit and each
antenna element of the helical antenna, permitting en-
hancement of the antenna radiation efficiency. The volt-
age supply circuit mentioned herein is a circuit com-
posed of the voltage input terminals 9 and 10, the switch
11 and the resistor 12, and the anode grounding circuit
is a circuit formed by the resistor 13.

[0020] Incidentally, Fig. 1 shows the case in which the
helical antenna 7 is four-wire one, and even if this helical
antenna 7 is a two-wire one, this embodiment can sim-
ilarly be constructed by the above-described circuitry.
The use of the two-wire helical antenna decreases the
number of antenna elements, and hence decreases the
number of varactor diodes 8 connected to the antenna
elements, permitting miniaturization of the antenna de-
vice.

EMBODIMENT 2

[0021] Fig. 2is a block diagram illustrating the config-
uration of a transmitting-receiving shared antenna de-
vice according to Embodiment 2 of the present inven-
tion. In Fig. 2, reference numeral 18 a divider/combiner
containing built-in delay circuits, which is shown to have
a delay circuit for producing signals of phases 0°, 90°,
180° and 270°. The other circuits identified by the same
reference numerals as those in Fig. 1 are the same or
corresponding circuits or parts in Embodiment 1 of Fig.
1.

[0022] This embodiment is characterized in that, as
described above, the transmission signal to be fed to
the helical antenna 7 is divided by the divider/combiner
18 to four signals of the phase differences 0°, 90°, 180°
and 270° to generate circularly polarized waves. And
this embodiment is further characterized in that the re-
ceived signals are combined by the divider/combiner 18
provided with the delay circuits that provides the above-
mentioned phase differences. In the case of using dif-
ferent frequencies for transmission and reception, when
the divider/combiner 18 has circuits which provide such
phase differences, for example, when the delay circuits
are provided according to the frequencies for transmis-
sion, the signals to be combined do not become in-
phase because their frequencies differ from those for
transmission--this causes a phase error in the received
signal.

[0023] In the helical antenna device of the type trans-
mitting and receiving circularly polarized wave signal,
the phase error in the transmission and reception due
to the delay circuits could be reduced by separately pro-
viding in the divider/combiner 18 delay lines for the pas-
sage therethrough of the transmission signal and delay
lines for the passage therethrough of the received sig-



7 EP 1182 729 A1 8

nal. Such a configuration inevitably makes bulky the de-
lay circuit in the divider/combiner 18, but solves the
problem of phase error.

[0024] Further, in the case of sharing the delay lines
for the passage of the transmission and received signals
with a view to preventing the delay circuit in the divider/
combiner 18 from becoming bulky, the phase error be-
tween the transmission and received signals can be re-
duced by applying a different reverse bias voltage to the
varactor diode 8 for each antenna element. The delay
circuit in the divider/combiner 18 is shared between the
transmission and reception, and is formed by delay lines
which provide phase differences 0°, 90°, 180° and 270°
for either one of the transmission and received signals,
for example, for the transmission signal. Accordingly,
when the received signals combined using these delay
lines are not in phase because the frequencies of the
transmission and received signals differ. To correct the
phase shift, the reverse bias voltages to be applied to
the four varactor diodes corresponding to the antenna
elements of the helical antenna 7 are set to different val-
ues and the condenser capacitances of the four varactor
diodes 8 are chosen different. In the above example,
since the delay circuit is provided so that the four phase
differences are 0°, 90°, 180° and 270° during transmis-
sion, the reverse bias voltage during transmission, for
example, the values at the voltage input terminals 9 are
set to the same value for the four varactor diodes 8. Dur-
ing reception the values at the four voltage input termi-
nals 10 to be applied to the four varactor diodes are set
to different values.

[0025] When the condenser capacitances of the var-
actor diodes are set to different values for the respective
antenna elements of the helical antenna 8, the reso-
nance frequency somewhat shifts. This embodiment
makes the shift of the resonance frequency smaller than
in the case of transmitting and receiving signals of dif-
ferent frequencies without changing the condenser ca-
pacitances of the varactor diodes 8.

EMBODIMENT 3

[0026] Fig. 3 is a block diagram illustrating the config-
uration of a transmitting-receiving shared antenna ac-
cording to Embodiment 3 of the presentinvention. In Fig.
3, reference numeral 19 denotes capacitive elements
each connected in series to the feeder to the helical an-
tenna 7. Reference numeral 20 denotes varactor diodes
each connected to the feeder and the grounding point.
The other circuits identified by the same reference nu-
merals as those in Fig. 1 are the circuits or parts identical
with or corresponding to those in Embodiment 1 of Fig.
1.

[0027] Across the cathode and anode of the varactor
diode 20 is applied the reverse bias voltage from either
of the voltage input terminals 9 and 10 via the switch 11.
The condenser capacitance of the varactor diode 20
varies with the reverse bias voltage, and by matching
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between the condenser capacitance and each antenna
element of the helical antenna 7, the resonance fre-
quency of the antenna changes, making it possible to
change the transmitting frequency or receiving frequen-

cy.

Claims

1. A transmitting-receiving shared antenna device,
comprising:

a helical antenna for use in common to trans-
mission and reception;

varactor diodes each provided in one of feeders
to antenna elements of the helical antenna; and
bias voltage switching means for switching are-
verse bias voltage to be applied to the varactor
diode between transmission and reception to
switch between frequency bands of signals for
transmission and reception by said helical an-
tenna.

2. The transmitting-receiving shared antenna device
according to claim 1, wherein said each varactor di-
ode has its cathode side connected to the antenna
element side of said helical antenna, and said bias
voltage switching means applies the reverse bias
voltage via a resistor connected to the cathode side
of said varactor diode.

3. The transmitting-receiving shared antenna device
according to claim 1, wherein said each varactor di-
ode has its cathode side connected to the antenna
element side of said helical antenna, and said bias
voltage switching means applies the reverse bias
voltage via a coil connected to the cathode side of
said each varactor diode.

4. A transmitting-receiving shared antenna device,
comprising:

a four-wire helical antenna for use in common
to transmission and reception of circularly po-
larized wave signals;

a divider/combiner for generating four signals
divided from a transmission signal, for phasing
said four divided signals apart by a first delay
line, and for combining received signals from
said helical antenna via a second delay line;
varactor diodes each provided between said
helical antenna and said divider/combiner; and
bias voltage switching means for switching a re-
verse bias voltage to be applied to the varactor
diode between transmission and reception to
switch between frequency bands of signals for
transmission and reception by said helical an-
tenna.
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5. A transmitting-receiving shared antenna device,
comprising:

a four-wire helical antenna for use in common

to transmission and reception of circularly po- 5
larized wave signals;

a divider/combiner for generating four signals
divided from a transmission signal, for phasing
said four divided signals apart by a delay line,

and for combining received signals from said 70
helical antenna via said delay line;

four varactor diodes each provided between
one of antenna elements of said helical anten-

na and said divider/combiner; and

bias voltage switching means for switchingare- 15
verse bias voltage to be applied to said each
varactor diode between transmission and re-
ception to switch between frequency bands of
signals for transmission and reception by said
helical antenna. 20

6. A transmitting-receiving shared antenna device,
comprising:

a helical antenna for use in common to trans- 25
mission and reception;

varactor diodes each provided between one of
feeders to antenna elements of the helical an-
tenna and a grounding point; and

bias voltage switching means for switchingare- 30
verse bias voltage to be applied to the varactor
diode between transmission and reception to
switch between frequency bands of signals for
transmission and reception by said helical an-
tenna. 35
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