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MULTIBAND MOBILE UNIT COMMUNICATION APPARATUS

This invention relates to a multiband mobile unit

communication apparatus.

A mobile unit communication apparatus for
communicating with a third party through a base station and
a network 1s known.

Fig. 4 1s a block diagram of a prior art mobile unit
communication apparatus for transmitting and receiving a
radio wave communication signal of a single band.

This prior art mobile unit communication apparatus
comprises an antenna 101 for transmitting and receiving a
radio wave communication signal of a single band which is
subjected to the quadrature modulation, a duplexer 102 for
simultaneously transmitting and receiving, a low noise
amplifier 104 for amplifying the received radio wave
communication signal, a mixer 106 for mixing the received
radio wave communication signal with a local oscillation
signal from a local oscillator 110 to provide an
intermediate frequency signal, a filter 108 for filtering
the intermediate frequency signal, a variable gain

amplifier 112 for amplifying the intermediate frequency
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signal with its gain controlled, a quadrature demodulator
113 for mixing the received communication signal from the
variable gain amplifier 112 with a local oscillation signal
and 1/2 » -phase shifted local oscillation signal which are
derived from a local oscillator 118 through a 1/2-divider,
and low-pass filters 114 and 115 for outputting an I signal
and a Q signal at output terminals 116 and 117.

The antenna 101 transmits and receives a radio wave
communication signal of a single band. The duplexer 102
effects transmission and receiving simultaneously. The low
noise amplifier 104 amplifies the received radio wave
communication signal. The mixer 106 mixes the received
radio wave communication signal with the local oscillation
signal from the local oscillator 110 to provide the
intermediate frequency signal. The filter 108 filters the
intermediate frequency signal. The variable gain amplifier
112 amplifies the intermediate frequency signal with its
gain controlled. The quadrature demodulator 113 mixes the
received communication signal from the variable gain
amplifier 112 with the local oscillation signal and 1/2
n -phase shifted local oscillation signal to provide I and
Q signals respectively. The low-pass filters 114 and 115
output the I and Q signals at the output terminals 116 and

117.
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The aim of the present invention is to provide an
improved multiband mobile unit communication apparatus.

According to the present invention, a first
multiband mobile unit communication apparatus is provided
which comprises: an antenna for receiving multiple
frequency bands of radio wave signals:; a first local
oscillation circuit for generating a first local
oscillation signal corresponding to the multiple frequency
bands of radio wave signals; receliving circuits
corresponding to the multiple frequency bands of radio wave
signals for generating intermediate frequency signals’
corresponding to the multiple frequency bands by mixing the
multiple frequency bands of radio wave signals with the
first local oscillation signal corresponding to the
multiple frequency bands respectively; a switching circuit
responsive to a switching control signal indicative of
which frequency bands the mobile unit is operating for
outputting one of the intermediate frequency signals
according to the mobile communication system using
different frequency bands of radio wave signals; a second
local oscillation circuit for generating the second local
oscillation signals corresponding to the multiple frequency
bands and for switching the output from the second local

osclllation circuit responsive to the switching control



signal; and a quadrature demodulation circuit for
demodulating and outputting baseband signals by mixing an
output from the switching circuit with the second local
oscillation signals that is switched by the switching
5 control signal.
In the first multiband mobile unit communication
apparatus, the second local oscillation circuit comprises:
a local oscillator for generating a second local
oscillation signal, a frequency divider having a
10 predetermined divisor for frequency-dividing the second
local oscillation signal; and a switch responsive to the
switching control signal for outputting the second local
oscillation signal or for outputting the frequency-dividing
second local oscillation signal in response to the
15 switching control signal. In this case, the predetermined
divisor corresponds to a ratio between center frequencies
of the intermediate frequency signals corresponding to the
multiple frequency bands.
In the first multiband mobile unit communication
20 apparatus, the first local oscillation circuit may generate
the first local oscillation signal having a predetermined
local oscillation frequency.
In the first multiband mobile unit communication
apparatus, the first local oscillation circuit may include

25 a voltage controlled oscillator, may be responsive to the
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switching control signal, and may generate multiple the
first local oscillation signals having different
frequencies corresponding to the multiple frequency bands
of radio wave signals by adjusting the control voltage of
the voltage controlled oscillator using the first local
oscillation circuit.

In the first multiband mobile unit communication
apparatus, the first local oscillation circuit may be
responsive to the switching control signal and generate the
first local oscillation signal having a first local
oscillation frequency or generate a frequency-divided first
local oscillation frequency according to the switching
control signal.

In the first multiband mobile unit communication
apparatus, the second local oscillation circuit may
comprise: an oscillator, a switch that is responsive to the
switching control signal, multiple resonators having
different resonating frequencies, wherein the switch
connects the oscillator to one of the multiple resonators,
thereby generating one of the second local oscillation
signal and connects the oscillator to other the multiple
resonators, thereby generating other the second local
oscillation signal corresponding to the multiple frequency
bands. 1In this case, a ratio of frequencies between the

second local oscillation signals corresponds to a ratio
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between center frequencies of the intermediate frequency
signals corresponding to the multiple frequency bands.

In the first multiband mobile unit communication
apparatus, the first local oscillation circuit is
responsive to the switching control signal and generates
multiple the first local oscillation signals having
different frequencies corresponding to the multiple
frequency bands of radio wave signals by switching multiple
resonators having different resonating frequenclies that is
connected to the first local oscillation circuit.

According to the present invention, a second
multiband mobile unit communication apparatus is provided
which comprises: an antenna for receiving first and second
bands of radio wave signals including quadrature modulation
signals; a first local oscillation circuit for generating a
first local oscillation signal; first and second receiving
circuits for generating first and second intermediate
frequency signals from the first and second bands of radio
wave signals using the first local oscillation signal
respectively; a switching circuit responsive to a switching
control signal indicative of first and second modes for
outputting the first intermediate frequency signal in the
first mode and outputting the second intermediate frequency
signal in the second mode; a second local oscillation

circuit for generating second and third local oscillation



signals in the first and second modes respectively; and a
quadrature demodulation circuit for demodulating an output
from the switching circuit using the second and third local
oscillation signals in the first and second modes
respectively and outputting demodulated signals.

In the second multiband mobile unit communication
apparatus, a ratio of frequencies between the second and
third oscillation signals corresponds to a ratio between
center frequencies of the first and second intermediate
frequency signals.

In the second multiband mobile unit communicatioﬁ’
apparatus, the second local oscillation circuit may
comprise: an oscillator, a switch, first and second
'resonators having different resonating frequencies, wherein
the switch connects the oscillator to the first resonator,
thereby generating the second local oscillation signal in
the first mode and connects the oscillator to the second

resonator, thereby generating the third local oscillation

signal in the second mode.

The features of the present invention will become more
readily apparent from the following detailed description of
exemplary embodiments and the accompanying drawings, in

which:
Fig. 1 is a block diagram of a multiband mobile unit
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communication apparatus of a first embodiment;

Fig. 2 is a block diagram of a multiband mobile unit
communication apparatus of a second embodiment;

Fig. 3 is a block diagram of a multiband mobile unit
communication apparatus of a third embodiment; and

Fig. 4 1s a block diagram of a prior art mobile unit
communication apparatus for transmitting and receiving a
radio wave communication signal of a single band.

The same or corresponding elements or parts are

designated with like references throughout the drawings.

Hereinbelow will be described a first embodimeﬁt of
this invention.

Fig. 1 is a block diagram of a multiband mobile
unit communication apparatus of the first embodiment.

The multiband mobile unit communication apparatus of
the first embodiment can be operated in multiple mobile
communication systems A and B and it comprises an antenna 1
for transmitting and receiving at least first and second
bands of radio wave signals RD1 and RD2 including
gquadrature modulated signals respectively, a first local
oscillator 10 comprising a voltage controlled oscillator
for generating a first local oscillation signal, first and
second receiving circuits 19 and 20 corresponding to the

mobile communication systems A and B respectively for
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amplifying the received radio wave signals and generating
intermediate frequency signals 8a and 9a corresponding to
the mobile communication systems A and B respectively, an
intermediate frequency switch 11 responsive to a switching
control signal 30 indicative of which radio frequency bands
the mobile unit is operating for outputting the first
intermediate frequency signal 8a corresponding to the
mobile communication system A and outputting the second
intermediate frequency signal 9a corresponding to the
mobile communication system B, a second local oscillator 18
including a VCO (voltage controlled oscillator) for
generating a second local oscillation signal, a frequency
divider 22 for frequency-dividing the second local
oscillation signal with a predetermined divisor, a radio
frequency switch 21 responsive to the switching control
signal 30, a quadrature demodulation circuit 13 for
demodulating and outputting baseband I and Q signals by
mixing an output from the intermediate frequency switch 11
with a reference frequency signal 23a, wherein the radio
frequency switch 21 supplies an output of the frequency
divider 22 as the reference frequency signal in the mobile
communication system A and supplies the second local
oscillation signal as the reference frequency signal in the
mobile communication system B (in the second mode).

A variable gain amplifier 12 is also provided
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between the intermediate frequency switch 11 and the
quadrature demodulation circuit 13.

The first receiving circuit 19 corresponding to the
mobile communication system A comprises a duplexer 2 for
duplexing a transmission signal and the received radio wave
signal RD1, a low noise amplifier 4 for amplifying the
received radio wave signal RD1 from the duplexer 2, a mixer
6 for mixing an output of the low noise amplifier 4 with
the first local oscillation signal, a band bass filter 8
for selectively outputting the desired intermediate
frequency signal 8a corresponding to the first radio wave
signal RD1 from the output of the mixer 6.

The second receiving circuit 20 corresponding to the
mobile communication system B comprises a duplexer 3 for
duplexing a transmission signal and the received radio wave
signal RD2, a low noise amplifier 5 for amplifying the
received radio wave signal RD2 from the duplexer 3, a mixer
7 for mixing an output of the low noise amplifier 5 with
the first local oscillation signal, a band bass filter 9
for selectively outputting the desired intermediate
frequency signal 9a corresponding to the second radio wave
signal RD2 from the output of the mixer 9.

The quadrature demodulation circuit 13 comprises a
mixer 13a for mixing an output of the variable gain

amplifier 12 with a reference signal 23a through a
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1/2-dividing circuit 13b, the 1/2-dividing circuit 13b for
generating 1/2-divided oscillation signal for I channel and
a 1/2 = -phase-shifted and 1/2-divided oscillation signal
for Q channel, a mixer 13c for mixing the output of the
variable gain amplifier 12 with 1/2-phase-shifted and
1/2-divided oscillation signal from 1/2-divider 13b.

The antenna 1 receives at least first and second
bands of radio wave signals RD1 and RD2 including
quadrature modulated signals. The first local oscillator
10 generates the first local oscillation signal having the
first local oscillation frequency. The first and second
receiving circuits 19 and 20 generate the first and second
intermediate frequency signals 8a and 9a corresponding to
the moblle communication systems A and B respectively from
the first and second bands of radio wave signals RD1 and
RD2 using the first local oscillation signal. The
intermediate frequency switch 11 responsive to the
switching control signal 30 outputs the intermediate
frequency signal 8a in the mobile communication system A
(in a first mode) and the intermediate frequency signal 9a
in the mobile communication system B (in a second mode).

The second local oscillator 18 generates the second
local oscillation signal having a second local oscillation
frequency corresponding to a frequéncy of the second

intermediate frequency signal 9a. The frequency divider 22
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frequency-divides the second local oscillation signal 18a
with the predetermined divisor. More specifically, the
ratio of center frequencies of the intermediate frequency
signals 8a and 9a corresponds to the reciprocal of the
divisor of the frequency divider 22. The radio frequency
switch 21 responsive to the switching control signal 30
supplies an output of the frequency divider 22 in the
mobile communication system A as the reference signal and
outputs the second local oscillation signal 18a as the
reference signal in the mobile communication system B.

The quadrature demodulation circuit 13 demodulates
and outputs the baseband signals I and Q by mixing an

output from the intermediate frequency switch 11 with a

reference frequency signal 23a through the 1/2-divider 13b.

In the mobile communication system A, the
intermediate frequency signal 8a from the received first
radio wave signal RD1 is outputted by the intermediate
frequency switch 11 and is subject to the quadrature
demodulation by the quadrature demodulation circuit 13
using the reference frequency signal 23a from the second
local oscillator 18 through the 1/2-frequency divider 22.

In the mobile communication system B, the
intermediate frequency signal 9a from the received second
radio wave signal RD2 1is outputted by the intermediate

frequency switch 11 and is subject to the quadrature
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demodulation by the quadrature demodulation circuit 13
using the reference signal directly derived from the second
local oscillator 18. In this embodiment, the local
oscillation frequency of the first local oscillator is
fixed, or even if the local oscillation frequency should be
changed according to multiple radio frequency bands, single
VCO can cover the multiple local oscillation frequency by
adjusting the control voltage of the VCO.

The radio frequency switch 21 is provided at the
input side of the frequency divider 22. However, this
switch may be provided at the output side of the frequency
divider 22 or provided at the both sides of the frequency
divider 22. In this embodiment, because the output of the
frequency divider 22 is designed to have an impedance
larger than an output impedance of the second local
oscillator 18, the radio frequency switch can be provided
at the input side of the frequency divider.

In this embodiment, an integer relation of
frequencies between the intermediate frequency signals 8a
and 9a corresponding to the mobile unit communication
systems A and B respectively is provided, so that the local
oscillator 18 can be commonly used in both of the mobile
communication systems A and B using the frequency divider
22.

As mentioned, the antenna 1 receives at least first
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and second bands of radio wave signals RD1 and RD2
including quadrature modulated signals. The first local
oscillator 10 generates the first local oscillation signal
having the first local oscillation frequency. The first
and second receiving circuits 19 and 20 generate the
intermediate frequency signals 8a and 9a from the first and
second bands of radio wave signals RD1 and RD2 using the
first local oscillation signal. The intermediate frequency
switch 11 responsive to the switching control signal 30
outputs the intermediate frequency signal 8a in the first
mode and intermediate frequency signal 9a in the second
mode.

The second local oscillator 18 generates the second
local oscillation signal having a second local oscillation
frequency corresponding to a frequency of the intermediate
frequency signal 9a. The frequency divider 22
frequency-divides the second local oscillation signal 18a
with the predetermined divisor. More specifically, the
ratio of center frequencies of the intermediate frequency
signals 8a and 9a corresponds to the reciprocal of the
divisor of the frequency divider 22. The second switch 21
responsive to the switching control signal 30 outputs an
output of the frequency divider 22 in the first mode as the
reference signal 23a and outputs the second local

oscillation signal 18a as the reference signal 23a in the
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second mode;

The quadrature demodulation circuit 13 demodulates
the output from the intermediate frequency switch 11 and
outputs the quadrature baseband signals I and Q from an
output from the intermediate frequency switch 11 using the

reference frequency signal 23a.

In the first mode, the intermediate frequency signal
8a from the received first radio wave signal is outputted
by the intermediate frequency switch 11 and is subject to
the quadrature demodulation by the quadrature demodulation
circuit 13 using the reference frequency signal 23a from
the second local oscillator 18 through the frequency
divider 22.

In the second mode, the intermediate frequency
signal 9a from the received second radio wave signal RD2 is
outputted by the intermediate frequency switch 11 and is
subject to the quadrature demodulation by the quadrature
demodulation circuit 13 using the reference signal directly
derived from the second local oscillator 18. 1In this
embodiment, the local oscillation frequency of the first
local oscillator is fixed.

As mentioned, a ratio of frequencies between the
second and third oscillation signals corresponds to a ratio
between center frequencies of the first and second

intermediate frequency signals, that 1s, there is provided
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an integer relation between center frequencies of the first
and second intermediate frequency signals.

A second embodiment will be described. Fig. 2
is a Dblock diagram of a multiband mobile |unit
communication apparatus of the second embodiment.

The multiband mobile unit communication apparatus of
the second embodiment has substantially the same structure
as that of the first embodiment. The difference is that
the local oscillation circuit 31 replaces the local
oscillator 10 in Fig. 1.

The local oscillator 31 generates a local
oscillation signal fLla corresponding to the mobile
communication system A (in the first mode) and a local
oscillation signal fL1b corresponding to the mobile
communication system B (in the second mode).

In this embodiment, it is assumed that a center
frequency of the radio wave signal RD1 corresponding to the
mobile communication system A is 880 MHz, a center
frequency of the radio wave signal RD2 corresponding to the
mobile communication system B is 1930 MHz. Then, the local
oscillator 31 generates the local oscillation signal having
a local oscillation frequency of 970 MHz to receive the
radio wave signal RD1 in the mobile communication system A
and a local oscillation signal having a local oscillation

frequency 1750 MHz to receive the radio wave signal RD2 in
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the mobile communication system B. Then, the intermediate
frequency fIF in the mobile communication system A is 90
MHz, that is, the band pass filter 8 has a center frequency
of 90 MHz of its passband and the intermediate frequency
fIF in the mobile communication system B 1s 180 MHz, that
is, the band pass filter 9 has a center frequency of 180
MHz of its passband. 1In this condition, the divisor of a
frequency divider 34 can be set to two.

The reference frequency signal generation circuit 23
generates fhe reference frequency signal having 180 MHz in
the mobile communication system A and 360 MHz in the mobile
communication system B. The quadrature signal demodulation
circuit 13 effects the quadrature demodulation using the
quadrature reference signal of 90 MHz by dividing the
reference signal of 180 MHz from the reference signal
generation circuit 23 by two in the mobile communication
system A and using a quadrature reference signal 180 MHz by
dividing the 360 MHz from the second local oscillator 18
via the reference signal generation circuit 23 by two in
the mobile communication system B.

Table 1 shows this frequency relation in respective
points of the multiband mobile unit communication apparatus

of the second embodiment.
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TABLE 1
RADIO fL1 fIF fL2 fvCco
WAVE (MHZz) (MHz) (MHz) | (MHz)
MOBILE RD1 970 90 180 360
COM SYS 880
A MHz
MOBILE RD2 1750 180 360 360
COM SYS 1930
B MHz

In this embodiment, if it is impossible to provide
an accurate integer relation between the first and second
intermediate frequency signals corresponding to the mobile
communication systems A and B respectively, the quadrature
demodulation using the frequency divider 22 can be provided
by making the frequency relation slightly deviating from
the integer relation and by adjusting a voltage control
signal to the voltage-controlled oscillator 18.

A third embodiment will be described.

Fig. 3 1s a block diagram of a multiband mobile
unit communication apparatus of the third embodiment.

The multiband mobile unit communication apparatus of
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the third embodiment has substantially the same structure
as that of the second embodiment. The difference is that
the local oscillation circuit 24 replaces the local
oscillation circuit 23 in Fig. 2.

The local oscillation circuit 24 comprises an
oscillator 25, a switch 26, first and second resonators 27
and 28 having different resonance frequencies. The switch
26 connects or couples the oscillator 25 to the first
resonator 27, thereby generating the local oscillation
signal of 180 MHz in the mobile communication system A (in
the first mode) and connects or couples the oscillator 25
to the second resonator 28, thereby generating the local
oscillation signal of 360 MHz in the mobile communication
system B (in the second mode). 1In the third embodiment, it
is unnecessary to provide the integer relation between the
intermediate frequency signals corresponding to the mobile
communication systems A and B used in selecting or deciding
the first and second embodiments, so that a degree of
freedom in the frequency relation between the intermediate
frequency signals 8a and 9a has become larger.

As mentioned, the switch 26 connects or couples the
oscillator 25 to the first resonator 27, thereby generating
the local oscillation signal of 180 MHz in the first mode
and connects or couples the oscillator 25 to the second

resonator 28, thereby generating the local oscillation
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signal of 360 MHz in the second mode.

In the third embodiment, the first local oscillation
circuit 31 changes the local oscillation frequency
according to the multiple mobile communication systems.
However, it is also possible to fix the first local
oscillation frequency signal supplied to the first and
second receliving circuits corresponding to the multiple

communication systems as shown in Fig. 1.
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CLAIMS

1. A multiband mobile unit communication apparatus for
communicating with a mobile communication system, the
apparatus comprising:

an antenna for receiving radio wave signals of multiple
frequency bands;

a first local oscillation circuit for generating a
first local oscillation signal corresponding to said multiple
frequency bands of radio wave signals;

receiving circuits corresponding to said multiple
frequency bands of radio wave signals for generating
intermediate frequency signals corresponding to said multiple
frequency bands by mixing said multiple frequency bands of
radio wave signals with said first local oscillation signal;

switching means responsive to a switching control
signal indicative of in which frequency band the mobile unit
is operating for outputting one of said intermediate
frequency signals;

a second local oscillation circuit for generating
second local oscillation signals corresponding to said
multiple frequency bands and for switching the output from
said second local oscillation circuit responsive to said
switching control signal; and

a quadrature demodulation means for demodulating and
cutputting baseband signals by mixing an output from said
switching means with said second local oscillation signals

that is switched by said switching control signal.
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2. A multiband mobile unit communication apparatus
according to claim 1, wherein said second local oscillation
circuit comprises: a local oscillator for generating a second
local oscillation signal, a frequency divider having a
predetermined divisor for frequency-dividing said second
local oscillation signal; and a switch responsive to said
switching control signal for outputting said second local
oscillation signal or for outputting said frequency-divided
second local oscillation signal in response to said switching

control signal.

3. A multiband mobile unit communication apparatus
according to claim 2, wherein said predetermined divisof‘
corresponds to a ratio between centre frequencies of said
intermediate frequency signals corresponding to said multiple

frequency bands.

4. A multiband mobile unit communication apparatus
according to claim 1, 2 or 3, wherein said first local
oscillation circuit generates said first local oscillation

signal having a predetermined local oscillation frequency.

5. A multiband mobile unit communication apparatus
according to claim 1, 2, 3 or 4, wherein said first local
oscillation circuit is responsive to said switching control
signal and generates multiple said first local oscillation

signals having different frequencies corresponding to said
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multiple frequency bands of radio wave signals by adjusting

the control voltage of the voltage controlled oscillator.

6. A multiband mobile unit communication apparatus
according to claim 1, 2, 3 or 4, wherein said first local
oscillation circuit is responsive to said switching control
signal and generates said first local oscillation signal
having a first local oscillation frequency or generates a
frequency-divided first local oscillation frequency according

to said switching control sigmal.

7. A multiband mobile unit communication apparatus according
to any one of claims 1 to 4, wherein said first local -
oscillation circuit is responsive to said switching control
signal and generates multiple said first local oscillation
signals having different frequencies corresponding to said
multiple frequency bands of radio wave signals by switching
multiple resonators having different resonating frequencies

that are connected to said first local oscillation circuit.

8. A multiband mobile unit communication apparatus
according to any one of claims 1 to 7, wherein said second
local oscillation circuit comprises: an oscillator, a switch
that is responsive to said switching control signal, multiple
resonators having different resonating frequencies, wherein
said switch connects said oscillator to different ones of

said multiple resonators to generate respective ones of said
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second local oscillation signals corresponding to said

multiple frequency bands.

9. A multiband mobile unit communication apparatus
according to claim 8, wherein a ratio of frequencies between
said second local oscillation signals responsive to said
switching control signal corresponds to a ratio between
centre frequencies of said intermediate frequency signals

corresponding to said multiple frequency bands.

10. A multiband mobile unit communication apparatus
comprising:

an antenna for receiving first and second bands of'
radio wave signals including quadrature modulation signals;

a first local oscillation circuit for generating a
first local oscillation signal;

first and second receiving circuits for generating
first and second intermediate frequency signals from said
first and second bands of radio wave signals using said first
local oscillation signal respectively;

switching means responsive to a switching control
signal indicative of first and second modes for outputting
said first intermediate frequency signal in said first mode
and outputting said second intermediate frequency signal in
said second mode;

a second local oscillation circuit for generating

second and third local oscillation signals in said first and
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second modes respectively; and
quadrature demodulation means for demodulating an
output from said switching means using said second and third
local oscillation signals in said first and second modes

respectively and outputting demodulated signals.

11. A multiband mobile unit communication apparatus
according to claim 10, wherein a ratio of frequencies between
said second and third oscillation signals corresponds to a
ratio between centre frequencies of said first and second

intermediate frequency signals.

12. A multiband mobile unit communication apparatus
according to claim 10 or 11, wherein said second local
oscillation circuit comprises: an oscillator, a switch, first
and second resconators having different resonating
frequencies, wherein said switch connects said oscillator to
said first resonator, thereby generating said second local
oscillation signal in said first mode and connects said
oscillator to said second resonator, thereby generating said

third local oscillation signal in said second mode.

13. A multiband mobile unit communication apparatus
constructed and arranged to operate substantially as
hereinbefore described with reference to and as illustrated

in Figures 1 to 3 of the accompanying drawings.
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