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ANTENNA SHARING DEVICE FOR DUAL FREQUENCY BAND

BACKGROUND OF THE_INVENTION

The present invention relates to an antenna sharing
device for use of a common antenna by a transmitter and a receiver
é.nd, in particular, to such an antenna sharing device for dual
frequency .band .

A radio communication device comprises a transmitter
and receiver, a single antenna, and a duplexer or an antenna
sharing device for enabling the transmitter and the receiver
to commonly use the single antenna so as to communicate with
another device in use of a frequency band.

| The duplexer, typically, comprises a transmitter side
f£ilter baving an input terminal conmected to the transmitter
and a recelver side filter having an output terminal connected
to the receiver. The transmitter side filter and the receiv;er
side filter have an output terminal and an input terminal,
respectively, which are _commonl'y connected to an antenna
terminal. The transmitter side filter is requlred to have a
low insertian loss and is made of a band elimination filter
having a blocking attenuation in the range of the receiving
frequency band and alsc attenuation f£or removing two and three
times harmonic frequency components of the transmitting
frequency. The band elimination filter is implemented by use
of dielectric resonator, inductance coil, and capacitor.

The receiver side filter is also made of another band
elimination £ilter which has a blocking attenvation in the range

of the transmitting frequency band and also attenuation for
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removing spurious components at the local freguency and image
frequency. This elimination £ilter is also impiemented by use
of dielectric resonator, inductance coil, and capacitor.

Recently, a mobile communication device has had two
transmitter-receiver units for dual communication systems, for
example, GSM (global system fér mobile communication) and DCS
(digital cellular system) using different frequency bands. In
order to enable the two transmitter-receiver units to use a
single antenna, the mobile communication device is provided
with an antenna sharing device for dual frequency band which
comprises two duplexers which are connected to the two units
respectively, and a switch such as an electronic switch for
selecting one of the two duplexers to be connected to the single
antenna.

The conventional antenna sharing device for the dual
frequency band has such a problem that the device is large in
size because two single band antenna resonators are employed.

Further, there is a problem that the band elimination
filter is reéuired to have an increased attenuation in the
blocking frequency band so as to prevent cross talk of the
received signal, which results in increase of the insertion loss.
This causes increase of the power consumption at a power
amplifier so as to insure the necessary transmission power and
results in a problem that the service life of a battery is
shorteneci.

The switch is generally driven by ON/OFF of a supply
of an electric i:ower thereto. During a standby time period for

walting signals in dual communication systems, it is necessary



to change over the switch from one to the other of the two

-duplexers alternately at predetermined intervals. Therefore,

an electric power needs to be supplied contlnuously even a
non-communication time period. Consequently, powe'r
consumption of the battery increases. so that the possible
standby time is decreased.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
provide an antenna sharing device for dual frequency band which
is small in gize, light in weight, low in cost, and long in the
standby time.

To achieve the above object, the present invention
provides an antenna sharing device for commonly using a single
antenna by a first transmitter and receiver for a first
communication system using a first freguency band and a second
transmitter and receiver for a second communicatlion systenm
using a sec¢ond freguency band. The antenna sharing device
comprises:

a £first transmitter side filter to be connected to the
first transmitter and having a first output terminal for passing
a first transmission frequency signal from the first
transmitter to the first output terminal;

a second transmitter side filter to be connected to
the second 'tran'smitter and having a second output terminal for
passing a second transmission frequency signal £rom the second
transmitter to the second output texminal;

a first switch connected to the first output terminal

of the first transmitter side filter for permitting the first



transmission frequency signal on the first output terminal to
flow to a transmission point when the first switch is tumed-
on:

a second switch connected to the second output terminal
of the second transmission side filter for permitting the second
transmission frequency signal on the second output terminal to
flow to the transmission point when the second switch is turned
on;

a first receiver side filter to be connected to the
first recelver and having a first input terminal conneci:ed to
a reception point for receiving a reception signal, the first
receiver side filter being for selecting a second reception
frequency signel from the reception signal received from the
first input terminal to filter the first reception frequency
signal to the first receiver:;

a second receiver side filter to be connected to the
second receiver and having a second input terminal connected

to the reception point for _receiving the reception signal, the

second receiver side filter being for selecting a second
reception frequency signal from the reception signal received
from the second input terminal to f£filter the second reception
frequency signal to the second receiver; and

a mode selector swltch having a common connection point
to be connected to the single antenna, the mode selection switch
connecting the common connection point to the reception point
when the mode selector switch is in a reception mode, the mode
selector switch disconnectin§ the common connection point and

the transmission point from the reception point but permitting



signal transmission from the transmission point to the common
connection point when the mode selection switch is in a
transmission mode.

In the antenna sharing device, the mode selector switch
may comprise a first and second £fixed contacts connected to the
transmission point and the reception point, respectively, and
a wiper contact connected to the common connection point and
to be selectively brought into contact with one of the first
and second fixed contacts for selectively connecting the common
connection point to the transmission point or the reception
point.

In the antenna sharing device, the first and second
transmitter side filters may be composed of first and second
low pass filters, respectively.

In the antenna sharing device, the first and second
receiver side filters may be composed of £irst and second band
pass filters, respectively.

The first and second switches may be first and second
electronic switches, respectively, and the transmission point
is directly connected to the common connection point.

The mode selector switch may comprise a phase shifter
connecting between the common comnection point and the
reception point, and a third electronic switch connecting
between the reception point and the ground.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing an example of the structure
of a conventional antenna sharing device for dual frequency

band;



Fig. 2 1s a diagram showing an example of a f£reguency
characteristic of a duplexer used in the conventional antenna
Sharing device in Fig. 1; h

" Pig. 3 1s a block diagram showing an antenna sharing
device for dual frequency band according to a first embodiment
of the present invention:;

Fig. 4 is a block diagram showing an antenna sharing
device for dual frequency band according to a second embodiment
of the present invention;

Fig. 5A is a diagram showing an example of a passing
frequency characteristic of a GSM transmitter side filter used
in the £irst and second embodiments of the present invention:

Fig. 5B is a diagram showing an example of an isolation
charactéribtic of the GSM transmitter side filter:

Fig. 6A is a diagram showing an example of a passing
frequency characteristic of a DCS transmitter side filter used
in the first and second embodiments of the present invention;

Fig. 6B is a diagram showing an example of an isolation
characteristic of the DCS transmitter side filter;

Fig. 7 1s a diagram showing an example of a passing
frequency characteristic of a GSM receiver side filter used in
the £first and second embodiments of the present invention; and

Fig. 8 is a diagram showing ap example of a passing
frequency characteristic of a DCS receiver side £ilter used in
the first and second embodiments of the present invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

Prior to description of_the preferred embodiments of

the present invention, a conventional antenna sharing device



for dual frequency band will be described with reference to f‘ig‘s .
1 and 2 to make better understanding of the present invention.

Referring to Fig. 1, the known antenna sharing device
ghown therein comprises a first Quplexer (DPX) 51 for a first
communication system, for example, the GSM, a second duplexer
53 for a second communication system, for example, the DCS and
a switch 55. The first and the second duplexers 51 and 53 have
first and second antenna connecting terminals 52 and 54,
respectively, which are connected to first and second fixed
contacts 57a and 57b of the switch 55, xrespectively. The switch
55 has a wiper contact 57a which is selectively connected to
one of the £irst and second fixed contacts 57a and 57b and which
is connected to an antenna terminal 58. In use of the first
system, the wipexr contact 56 is turned to the first fixed contact
57a, so that the switch 55 connects the antenna terminal 58 with
the first antenna connecting terminal 52.

If the second system is used, the wiper contact 56 is

turned to the second fixed contact 57b. so that the witch 55

connects the .antenna terminal 58 with the second antenna
connecting terminal 54.'

The first duplexer 51 comprises a transmitter side and
a recelver side band-pass filter (BPF) commonly connected to
the f£irst antenna connecting terminal 52. The both band-pass
filter have a transmitter side terminal 59 to be connected to
the transmitter (TX) for the first system, and a receiver side
terminal 60 to be connected to the receiver (RX) for the first
system, respectively.

The second duplexer 53 comprises a transmitter side



and a receiver side band-pass £ilter (BPF) commonly connected
to the second antenna connecting terminal 54. The both
band-pass filters have a transmitter side terminal 61 to be
connected to the transmitter (TX) for the second aystem. and
a recelver side terminal 62 to be connected to the receiver (RX)
for the -second system, respectively.

Fig. 2 shows a typical frequency characteristic of a
known duplexer. Referring to Fig. 2, a curve 71 shows that at
the transmitter side and a curve 72 shows that at the receiver
sige.

The switch 55 is usually composed of PIN diode, MMIC
or the like which carries out the selecting operation by ON/OFF
of supply of electric power of about 3 V/5 mA thereto. In order
to recelve signals of both of first and second systems, it is
necessary to continue the selecting operation by the switch 55
at predetermined intervals.

The conventional antenna sharing device for dual
frequency band has problems as described in the preamble.

Now, embodiments of the present invention will be
described with reference to Figs. 3-8.

Referring to Fig. 3, an antenna sharing device 10 for.
dual frequency band according to a f£irst embodiment of the
present invention is shown as that for two systems of GSM and
DCS.

The device shown therein comprises a low pass filter
(LPF) 1 as a GSM transmitter side filter. The GSM transmitter
side filter 1 has an output terminal 3 which is connected to

a first switch 2. Another lowpass filter 4 as a DCS transmitter



side filter has an output terminal 6 which is connected to a
second. switch 5. The first switch 2 and the second switch §
have terminals 8 and 9 which are commonly connected to_ a first
fixed contact 12 of a third switch 11 for selecting one of a
transmission mode and a reception mode. A band pass filter 13
as a GSM receiver side filter and another band pass filter 14
as a DCS receiver side filter have input terminals 15 and 16,
respectively, which are commonly connected to a second fixed
contact 17 of the third switch 11.

The third switch 11 further has a wiper contact 18 which
is connected to antenna 21 through an antenna terminal 19. The
wiper contact 18 is selectively connected to the first and the
second fixed contacts 12 and 17 for selecting one of the
transmission mode and the reception mode.

The GSM transmitter side. filter 1 and the DCS
transmitter side filter 4 have input terminals 23 and 24,
respectively, which are connected to a GSM transmitter (GSM TX)
and a DCS transmitter (DCS TX)., respectively, both being not
shown. While, the GSM receiver side filter 13 and the DCS
receiver side filter 14 have output terminals 26 and 27,
respectively, which are connected to a GSM receiver (GSM RX)
and & DCS receiver (DCS RX), respectively, both being not shown,

During a transmission mode, the third switch 11 is
operated so that the wiper contact 18 is connected to the first
fixed contact 12. When a GSMRF signal from the GSM transmitter
is intended to be transmitted, the first switch 2 is turned on.
Thus, the GSM RF signal is transferred to antenna 21 through
the GSM transmitter side f£ilter 1, first switch 2, third switch
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11 and antenna terminal 19 and is radiated from the antenna 21.
Then, since the second switch 5 is8 turned off, the GSM RF signal
is prevented from flowing to the DCS transmitter side filter
4. The GSM RF signal is also prevented from £lowing to the GSM
receiver side filter 13 and the DCS receiver side filter 14
because third switch 11 is operated to select the transmission
mode.

When a DCS RF signal from the DCS transmitter is desired
to be transmitted during the transmission mode, the £irst switch
2 1s turned off and the second switch 5 is turned on. Then,
the DCS RF signal is radiated from the antenna 21 but is prevented
from flowing to the GSM transmitter side filter 1, the GSM
receiver side filter 13, and the DCS receiver side filter 14.

~ Thus, in the antenna sharing device 10 for dual
frequency band, no RF transmission signal enters into the
receiver side circuits. Therefore, each of the transmitter
side filters only has an attenuation property for cutting twice
or three times harmonic components of the RF signal frequency,
and can, therefore, be compbsed of a low pass filter}

.The lowpass £ilteér does not have a blocking attenuation
around a receiving frequency band in the vicinity of its passing
band, and has. therefore, an insertion loss smaller than the
band elimination filter. Therefore, the antenna sharing
device for dual frequency band according to this embodiment is
low in the transmission power loss in comparison with the
conventional device comprising two duplexers using band
eliminator filters, and is, therefore, superior to the

conventional one in the service life of a battery used.
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Further, the low pass filter can often be implemented
by use of inductance coils and capacitors without use of
dielectric resonator which is necessary in the band elimination
filter. Therefore, the transmitter side filter using the low
pass filter is small in size and low in cost in comparison with
that in the convénticnal duplexer.

During the reception mode, the third switch 11 is
operated so that the wiper contact 18 is disconnected from the
first fixed contact 12 and is connected to the second fixed
contact 17. Therefore, the input terminals 15 and 16 of the
GSM receiver side filter 13 and the DCS receiver side filter
14 are connected to the antenna 21 through the third switch 11.
A reception signal received at the antenna 21 is applied to both
of the GSM receiver side filter 13 and the DCS receiver side
filter 14. When the reception signal is a signal for the GSM,
the GSM receiver side filter 13 filters the reception signal
which is applied to the GSM receiver through the terminal 26.
On the other hand, the reception signal is a signal for the DCS,
the DCS receiver side filter 14 filters the reception signal
which is fed to the DCS receiver through the terminal 27.

A second embodiment of the present invention will be
described with reference to Fig. 4.

The antenna sharing device for dual frequency band
according to the second embodiment of the present invention is
similar to that shown in Fig. 3 but use of a PIN diode for each
of the switcheé and use of a phase shifter. The similar pé.rts
are represented by the same reference numerals in Fig. 3.

Referring to Fig. 4, first PIN diode 31 is connected
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between the output of the GSM transmitter filter 1 and the
antenna terminal 19, and second PIN diode 32 is connected
between the output of the DCS transmitter filter 4 and the
antenna terminal 19. In order to feed electric currents or DC
currents to the PIN diodes 31 and 32 to control turn on and off
of the PIN diodes 31 and 32, control terminals 34 and.'35. are
connected to anode terminals of the PIN diocdes 31 and 32,
respectiirely. The phase shifter 20 is connected between an
antenna terminal 19 and a common connection point of the input
terminals of the GSM receiver side £filter 13 and the DCS receiver
side filter 14, A third PIN diode 33 is connected between the
common connection point and the ground. The phase shifter 20
is for shifting a phase of the reception signal fed from the
antenna 21 byA /4, A beinga wavelength of the recept:.on signal.
For ‘transmission of GSM RF signal from the GSM

transmitter, a control signal of a DC voltage/current of, for
example, 3 V/5 mA is supplied to the control terminal 34, a

resistance of the first PIN diode 31 is reduced, that is, the
first PIN diode 31 is turned on, This makes a similar condition

where the output terminal of the GSM transmitter side filter
1 is connected to the antenna terminal 19 through the first and
the third switches 2 and 11 in Fig. 3. Then, the resistance
of the third PIN diode 33 is also reduced so that the impedance
of the A /4 phase shifter 20 increases. This condition is

similar to the transmission mode of the third switch 11 in Fig.
3 where the wiper contact 18 is disconnected from the second
fixed contact 17 but is connected to the first fixed contact

12. Thus, the GSM RF signal from the GSM transmitter flows
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through terminal 23, GSM transmitter side filter 1, first PIN
diode 31, and antenna terminal to the antenna 21, and is radiated
from the antenna 21.

Referring to Figs. 5A and 5B, an example of the GSM
transmi't_ter side filter 1 has a passing frequency
characteristic and an isolation frequency characteristic shown
therein. |

On the other hand, when a DCS RF signal from the DCS
transmitter is intended to be transmitted, the control signal
is applied through the control terminal 35 to the second PIN
diode 32. Similarly, the second PIN diode 32 and the third PIN
diode 33 are turned on, and the phase shifter 20 has an increased
impedance. Thus, the DCS RF signal flows from the DCS
transmitter to the antenna 21 through terminal 24, DCS
transmitter side filter 4, second PIN diode 32 and antenna
termlinal 19, and is radiated from the antenna 21.

Referring to Figs. 6A and 6B, an example of the DCS
transmitter side filter 4 has' a passing frequency
characteristic and an isolation f£requency characteristic as
shown therein.

During the reception mode, it is not necessary to apply
a DC voltage/ current signal as the control signél to the control
terminals 34 and 35. Then, the resistance of the PIN diodes
31, 32, and 33 is maintained large or turned off. At the
condition, the phase shifter 20 only shifts a phase of an input
signal and permits the input signal _to pass therethrough. This
condition is corresponding to a condition in Fig. 3 where the

first and the second switches 2 and 5 are turned off, while the
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third switch 11 is operated to select the reception mode.
Therefore, the reception signal fed from the antenna 21 is
applied to the GSM recelver side filter 13 and the DCS i:eceiver
side filter 14.

querring to Fig. 7, an example of the GSM receiver
side filter 13 has a frequency characteristic shown therein.
The GSM receiver side filter 13 is a band pass filter having
a passing characteristic around 900 MHz which is the GSM
fregquency band and an attenuation around 1800 MH2z which is the
DCS frequency bangd.

Referring to Fig. 8, an example of the DCS receiver
side filter 14 has a freguency characteristic shown therein.
The DCS receiver side filter 13 is a band pass fllter having
a passing characteristic around 1800 MHz which is the DCS
frequency band and an attenuation a:r:ouné 900 MHz which is the
GSM frequency band. |

Therefore, no GSM reception signal enters into the DCS
receiver, and no DCS reception signal enters into the GSM
receiver. While, the GSM sigx;al is fed to the GSM receiver and
DCS signal is fed to the DCS receiver. |

As described above. the combination of PIN diodes 31,
32, and 33 and A /4 phase shifter 20 can realize a selection
of three modes, that is, a GSM transmission mode (TX(GSM)-ANT)
where the GSM transmitter side filter 1 is connected to the
antenna 21, a DCS transmission mode (TX(DCS)-ANT) where the DCS
transmitter side filter 4 is connected to the antenna 21, and
a reception mode (ANT-RX(GSM,DCS) where the antenna 21 is
connected to both of the GSM receive side filter 13 and the DCS
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receiver side filter 14, by selecting a current/voltage applied
to the control terminals 34 and 35. The logic table is shown
in the following TABLE 1.

TABLE 1

. TX(GSM)-ANT - TX(DCS)-ANT ANT-RX(GSM,DCS)
control terminal 34 H L L
control terminal 35 L H L

H: 3V/SmA, L: QV/IOmA .

In the embodiment of the present invention as described
above, the GSM and DCS receiver side filters are connected to
the antenna in parallel with each other. Therefore, it is easy
to realize a standby condition for waiting reception of a signal
of any one of two communication systems using different
frequency bands. A switch element for selecting a receptlion
mode is not necessary to be supplied with any voltage/current
therefor, so that no power consumption is taken during the
standBy ﬁeriod. As a result,. the battery life is considerably
extended and the standby period can therfore be extended as

compared to the conventional device using two duplexers.
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WHAT IS CLAITMED IS:

1. An antenna sharing device for commonly using a .
singie antenna by a £irst transmitter and receiver for a first
communication system using a first frequency band and a second
transmitter and receiver for a second communication system
using a second frequency band, said device comprising:

a first transmitter side £ilter to be connected to said
first transmitter and havinga firs:t output terminal for passing
a first transmission frequency signal from said first
transmitter to said first output terminal:

a second transmitter side filter to be connected tToO
said second transmitter and having a second output terminal for
passing a second transmission frequency signal from said second
transmitter to said second output terminal:;

a first switch connected to said first output terminal
of said first transmitter side filter for permitting said first
transmission fl.':equency signal on said first output terminal to
flow to a transmission point when said first switch is turned
on;

a second switch connected to said second output
terminal of said second transmission side filter for permitting
said second transmission frequency signal on said second output
terminal to flow to said transmission point when said second
switch is turned on:

a first receiver side filter to be connected to said
first receiver and having a first input terminal connected to

a reception point for receiving a reception signal, said £irst

THIS SHEET HAS BEEN
REPLACED
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receiver side filter being for selecting a second reception
freguency signal from said reception signal received from said
first input terminal to filter sald first reception freguency
signal to said first receiver;

a second receiver side filter to be connected to said
second receiver and having a second input terminal connected
to sald reception point for receiving said reception signal,
said second receiver side filter being for selecting a second
reception frequency signal from said reception signal received
from said second input terminal to filter said second reception
frequency signal to said second receiver: and

amode selector switch having a common connection point
to be connected to said single antenna, said mode selection
switch connecting said common connection point to said
reception point when said mode selector switch is in a reception
mode, sald mode selcctor switch disconnecting said common
connection point and said transmission point from said
reception point but permitting signal transmission from said
transmission point to said common connection point when said
mode selection Switch is in a transmission mode.

2. An antenna sharing device as claimed in claim 1,
wherein said mode selector switch compries a first and second
fixed contacts connecled to said transmission point and said
reception point, respectively, and a wiper contact connected
to said common connection point and to be selectively brougﬁt
into contact with one of said first and second fixed contacts
for selectively connecting said common connection point to said

transmission point or said reception point.

THIS SHEET HAS BEEN
REPLACED
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3. An antenna sharing device as claimed in claim 1

wherein said first and second transmitter side filters are
composed.of. first and second low pass filters, respectively.

.4. An antenna sharing device as claimed in claim 3,
wherein said first and second receiver side filters are composed
of first and second band pass filters, respectively.

5. An antenna sharing device as claimed in claim 1
wherein said first and second switches are first and second
electronic switches, respectively, sald transmlssion poinlt is
directly connected to said common connection point.

6. An antenna sharing device as claimed in claim 5,
wherein said mode selector switch lcomprises & phase shifter
connecting between sald common connection point and said
reception point, and a third electronic switch connecting
between said reception point and the ground.

7. An antenna sharing device as claimed in claim 5,
wherein each of said first, second and third electronic switches
is composed of at least one of PIN diode and MMIC so that each
of sald first, second and third electronic switches is turned
cn when a DC current/voltage is applied thereto.

8. An antenna sharing device as claimed in claim 1,
wherein said first communication system is GSM and said second
communication system is DCS. '

9. An antenna sharing device as claimed in claim 1,
wherein the first transmission and reception fregquencies are
in a range of 800-1500 MHz and the second transmission and
reception fﬁei;uencies are in a range of 1500-3000 MHz.

10. An antenna sharing device as claimed in claim 6,

THIS SHEET HAS BEEN
REPLACED




TTT—

[T

L M s *

19

wherein said phase shifter is a A/4 pha

se shifter, A being a
wavelength of saig Teception signal.

i
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