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An unnecessary wave suppressing means suppresses unnecessary waves Included in a received high frequency signal in a
frequency band that is changed in accordance with a switching signal. The unnecessary wave suppressing means changes the
pass band by inserting a notch into a pass band at a range where a signal is to be suppressed, changing the pass bandwidth so as
to exclude a suppression band, retaining a plurality of narrow pass bands for respective frequency bands used, and either
switching among those narrow pass bands in accordance with a frequency band of a receiving signal, or continuously changing
the pass band by using a tuning filter.

:':‘;‘:‘-';:;‘:': Bt N,
R A -:::; N7
> \) Q"’...

I*I ] . Prven, B N o
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 @igmr -~

| SRR RO S 2 _,\‘.s
OPIC - CIPO 191 5




CA 02180910 2005-05-12

ABSTRACT OF THE DISCLOSURE

An unnecessary wave suppressing means suppresses
unnecessary waves included in a received high frequency signal
in a frequency band that is changed 1n accordance with a
switching signal. The unnecessary wave suppressing means
changes the pass band by inserting a notch into a pass band
at a range where a signal 1is to be suppressed, changing the
pass bandwidth so as to exclude a suppression band, retaining
a plurality of narrow pass bands for respective frequency
bands used, and either switching among those narrow pass bands
in accordance with a frequency band of a receiving signal, or

continuously changing the pass band by using a tuning filter.
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RECEIVING CIRCUIT FOR A PORTABLE TELEPHONE SET

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a receiving circuilt
to be used in radio receivers such as moblle communications
equipment. In particular, the invention relates to a receiving

circult capable of receiving signals of a plurality of frequency

bands.

2. Description of the Related Arxrt

A radio receiver such as a portable telephone set is
equipped with a receiving circuit for converting a high
frequency signal that 1s received by an antenna to an
intermediate frequency signal and with a demodulating section
for demodulating the 1ntermediate frequency reception signal.

For instance in Japan, the portable telephone system
1s now being operated by using two frequency bands: a 800-MH=z
band and a 1.5-GHz band. Accordingly, telephone sets are
produced that are dedicated to the respective bands and, thus
recelving circuits are designed for the respective bands.

However, in the above type of operation using two
frequency bands, two telephone sets are needed for receliving
signals in both fregquency bands, which 1s very costly to a user.
If a telephone set 1s so constructed as to receive signals of
both frequency bands simply by combining receiving circuits for

the respective bands, the circuit scale becomes
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too large: the telephone set becomes voluminous and heavy and

hence no longer suitable for portable use. The same thing

applies to a case of receiving signals of a plurality of
frequency bands that are different from the specific bands
mentioned above.

SUMMARY OF THE INVENTION

The present invention has been made to solve the above
problems in the art and, therefore, has an object of providing
a receiving circuit which, though simple 1n configuration, can
receive signals of a plurality of frequency bands, and which
realizes a compact receiver.

To attain the above object, there 1s provided a
receiving circuit for a portable telephone set which circuit
converts a high frequency signal that is received by an antenna
into an intermediate frequency signal, comprising: means for
receiving a switching signal for setting a frequency band for a
forward link; means for suppressing an unnecessary wave included
in the high frequency signal received, which unnecessary wave 18
considered a wave that i1s not used during the forward link;
wherein the frequency band and the unnecessary wave are changed
according to the switching signal.

The unnecessary wave suppressing means may be so
constructed as to suppress unnecessary waves by i1nserting at
least one notch into a pass frequency band.

The unnecessary wave suppressilng means may be so

constructed as to switch between at least two pass frequency

bandwidths.
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The unnecessary wave suppressing means may be so
constructed as tc have at least two pass frequency bands and
switch between those two bands.

The unnecessary wave suppressing means may be so
constructed as to change the pass frequency band continuously in
accordance with the switching signal.

The receiving circuit may further comprise second
unnecessary wave suppressing means for suppressing unnecessary
waves included in a signal that 1s output from the unnecessary
wave suppressing means 1in the frequency band that i1s indicated
by the switching signal.

There may be provided two systems of the above
receiving_circuit.

The receiving circuit may further comprise a plurality
of antennas, and means for selecting one of the high frequency
signals received by the plurality of antennas.

In the recelving clrcult having the above
configuration, in the case of allowing passage of signals in a
plurality of frequency bands, the unnecessary wave suppressing
means causes all of those bands to be included in a pass band.
In receiving a signal in one of those frequency bands, the

unnecessary wave suppressing means changes the pass band so as

to substantially suppress the recelving sensitivity 1in the
remaining bands. As a result, the invention allows, even with

a single system of receiving circuit, signal reception 1in a
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plurality  of frequency bands with sSuperior  receiving
characteristics.

The unnecessary wave suppressing means changes the
pass band by inserting a notch into a pass band at a range where
a signal is to be suppressed, changing the pass frequency band
width so as to exclude a suppression band, retaining a plurality
of narrow pass bands for respective frequency bands used and
either switching among those narrow pass bands 1n accordance
with a frequency band of a receiving signal, or continuously
changing the pass band by using a tuning filter.

The receiving circuit having two-step unnecessary wave
suppressing means can increase the amount of attenuation of
unnecessary waves. By sharing the unnecessary wave suppressing
function, the load on each unnecessary wave suppressing means

can be reduced.

Further, a diverse receiving circult can be formed by
providing two systems of receiving circuits or selecting among

reception signals of a plurality of antennas.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing the configuration of
a receiving circuit according to a first embodiment of the

present invention;

Fig. 2 shows a frequency characteristic of an
unnecessary wave suppressing means used in the receiving circult

of the first embodiment;
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Fig. 3 shows a frequency characteristic of an
unnecessary wave suppressing means used in a receiving circuit
of a second embodiment of the invention:

Fig. 4 shows a frequency characteristic of an
unnecessary wave suppressing'meahs used in a receiving circuit
of a third embodiment of the invention;

Fig. 5 shows a frequency characteristic of an
unnecessary wave suppressing means used in a recelving circuit

of a fourth embodiment of the invention;

circuit of the fourth embodiment :

Fig. 7 is a block diagram showing the configuration of
a receiving circuit according to a fifth embodiment of the
invention:

Fig. 8 is a block diagram showing the configuration of

& receiving circuit according to a sixth embodiment of the

invention;
Fig. 9 is a block.diagram,showing the configuration of

a receiving circuit according to a seventh embodiment of the

invention; and

DESCRIPTION QF THE PREFERRED EMBODIMENTS

Embodiment 1
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As shown in Fig. 1, a receiving circuit according to

a first embodiment of the present invention 1is configured as
follows. A high freguency signal received by an antenna 1s
input to an input terminal 11. An unnecessary wave suppressing
means 12 suppresses unnecessary waves by changing the signal

pass band in accordance with a switching signal that is input to

a switching signal input terminal 13. An amplifier 14 amplifies

a reception signal that has passed through the unnecessary wave
suppressing means 12. A local oscillation means 17 generates a
signal to be used for shifting the frequency of the reception
signal from a high frequency to an intermediate frequency. A
mixer 15 converts the high frequency signal as output from the
amplifier 14 into an intermediate frequency signal by mixing the
former with the signal that is sent from the local oscillation
means 17. The resulting intermediate frequency signal 1s
supplied from an output terminal 16 to a démodulating section of
the receiver.

The unnecessary wave suppressing means 12 switches, 1n
accordance with a switching signal that 1s 1input to the
switching signal input terminal 13, between a state in which two
frequency bands having respective central frequencies £, and £,
are both made pass bands and a state in which signal passage 1s
suppressed in at least one of the two frequency bands.

Any signal in both of the £, frequency band and the £,
frequency band that can be used in the receiver concerned 1s

received by the antenna, and a high frequency reception signal
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1s 1nput to the high frequency signal input terminal 11 of the
receiving cilircult. While anticipating signals in both frequency
bands, the unnecessary wave suppressing means 12 causes both
frequency bands to be included in a pass band. On the other
hand, when a telephone <call 1s conducted by using a
communication channel of one of the two frequency bands, the
unnecessary wave suppressing means 12 suppresses signal passage
in the other frequency band, that 1is, suppresses unnecessary
waves. Swilitching signals suitable for the respective stages are
input to the switching signal input terminal 13.

The unnecessary wave suppressing means 12 switches, in
accordance with a switching signal that 1s supplied from the
switching signal input terminal 13, between a wide band state
(indicated by a solid line in Fig. 2) including both of the f;
and f., frequency bands as pass bands and a state (indicated by

a broken line in Fig. 2) 1n which the amount of signal passage

1s suppressed in a band in the wvicinity of f, or £, by 1nserting

a notch. 2As shown in Fig. 10, this may be done by combining a
wide band filter and a notch filter and by turning on/off the
notch function in accordance with the switching signal.

A signal that has passed through the unnecessary wave

suppressing means 12 is amplified by the amplifier 14 and input

to the mixer 15. The mixer 15 converts the reception signal
into an intermediate frequency signal by using an output signal

(local signal) of the local oscilliation means 17. The
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resulting intermediate frequency signal is output £from the
output terminal 16 and demodulated by the demodulating section

of the receiver.

The receiving circuit of this embodiment can suppress
the sensitivity at frequencies other than a receiving frequency
(L.e., spurious sensitivity) to a low level, because in
receiving a signal in one of the two frequency bands,
unnecessary waves are suppressed by the unnecessary wave
suppressing means 12.

Where part of a signal which is output from the
unnecessary wave suppressing means 12 and which is in one of
the two frequency bands will be substantially removed in the
subsequent signal processing, it is not necessary to remove
that part of the signal by the unnecessary wave suppressing
means 12. For example, the unnecessary wave suppressing means
12 may be so constructed that the wide pass band is maintained
in receiving a signal in the f, frequency band, and that
signals in all the frequency ranges other than the f 1 frequency
band are suppressed only in receiving a signal in the f,
frequency band.

As described ;*:lbove, the receiving circuit of the first
embodiment can receive signals in a plurality of frequency
bands by a single reééiving system without deteriorating the
spurious sensitivity characteristic.

Embodiment 2
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A recelving circuilt according to a second embodiment
is configured in the same manner as in the first embodiment (see
Fig. 1) except that the unnecessary wave suppressing means 12
switches the pass frequency band width 1n accordance with a
switching signal.

As shown in Fig. 3, 1in receiving a signal in a £,
frequency band, the unnecessary wave suppressing means 12
switches the pass band in accordance with the switching signal
from a wide band to a narrow band which allows signal passage
only in the f, frequency band, thereby suppressing signals in all
the frequency ranges other than the f, frequency band.

The method of switching the pass band from a wide band
to a narrow band in accordance with a receiving frequency band
is superior to the method of limiting the pass band by inserting
a notch (first embodiment) in the following points. In the
latter method, where there are a plurality of unnecessary
frequency bands in which signals should be suppressed, a notch
needs to be inserted for each of those frequeﬁcy bands.
Accordingly, the circuit configuration becomes more complex.
Further, there 1s a possibility that the sensitivity in the pass
frequency band is lowered by being influenced by insertion of
notches. In contrast, in the case of switching the pass band
width, there are no such influences relating to the number of

unnecessary frequency bands in which signals should be

suppressed.
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Therefore, the receiving circuit of +the second
embodiment can prevent a deterioration of the sensitivity with
respect to a signal in a pass frequency band, as well as
prevent a deterioration of the spurious sensitivity
characteristic.

Embodiment 3

A receiving circuit according to a third embodiment is
configured in the same manner as in the first embodiment (see
Fig. 1) except that the unnecessary wave suppressing means 12
has a plurality of pass bands corresponding to respective
frequency bands used and switches between those bass bands in
accordance with a switching signal.

As shown in Fig. 4, the unnecessary wave suppressing
means 12 has two pass bands: a f; fregquency band and a £,
frequency band. When it is necessary to pass signals in both
of the £, and f, frequency bands, the unnecessary wave
suppressing means 12 uses both bands as pass bands. In
receiving a signal in one of the f, and f, frequency bands, the
unnecessary wave suppressing means 12 selects only the
frequency band of the receiving signal as a pass band in
accordance with the éwitching signal.

In this receiving circuit, in receiving a signal in the
f, frequency band, si~gnals in all the freguency ranges other
than the f, frequency band are suppressed. In receiving a
signal in the f, frequency band, signals in all the frequency_

ranges other than the f, frequency band are suppressed.
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Therefore, in receiving a signal in either frequency band, this
receiving circuit can prevent a deterioration of the sensitivity
with respect to a signal 1n a pass frequency band, as well as
prevent a deterioration of the spurious sensitivity
characteristic.

Embodiment 4

A receiving circuit according to a fourth embodiment
is configured in the same manner as in the first embodiment (see
Fig. 1) except that the unnecessary wave suppressing means 12
changes the pass frequency band continuously.

As shown in Fig. 6, the unnecessary wave suppressing
means 12 is constituted of a narrow-band tuning filter in which
the central frequency of a pass frequency band 1s changed
continuously as a switching signal changes continuously. Fig. 5
shows how the pass frequency band is changed as the switching
signal changes.

In this receiving circuit, the pass band is limited
such that the switching signal is produced so as to allow
passage of a signal of a known receiving frequency and the
narrow-band tuning filter changes the central frequency of 1its
pass band accordingly.

Capable of correctly following the frequency band of
a receiving signal however it changes, the receiving circuit of
the fourth embodiment can realize superior receilving
characteristics.

Embodiment 5
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As shown in Fig. 7, a receiving circuit according to a

£ifth embodiment has a first unnecessary wave suppressing means

12 for suppressing unnecessary waves included in a high
frequency signal that is input from the input terminal 11, and

> a second unnecessary wave suppressing means 18 disposed between
the amplifier 14 and the mixer 15 for suppressing unnecessary
waves in a similar manner. The remaining part of the circuit
configuration is the same as that of the first embodiment. The
first and second unnecessary wave suppressing means 12 and 18

10 may employ any of the configurations in the first to fourth

embodiments.

15 amplified by the amplifier 14, subjected to further unnecessary
wave suppression by the second unnecessary wave suppressing
means 18, and input to the mixer 15. The mixer 15 converts the
reception signal into an intermediate frequency signal by using
an output signal (local signal) of the local oscillation means

20 17, and supplies the resulting intermediate frequency signal to

the output terminal 16.

By virtue of the existence of the second unnecessary
wave suppressing means 18, this receiving circuit secures a
larger amount of attenuation with respect to unnecessary waves.

25 Further, since the load on the first unnecessary wave

Suppressing means 12 is lowered, the size of the first

- 12 -
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unnecessary wave suppressing means 12 can be correspondingly

reduced. Alternatively, the second unnecessary wave suppressing

means 18 may be a simple wide band filter with which pass band
switching in accordance with a signal from the switching signal
input terminal 13 is not performed. As a result, the entire
receiver can be miniaturized while superior recelving

characteristics are secured.

Embodiment 6

As shown in Fig. 8, a receilving circuilt according to
a sixth embodiment has a first receiving circuit 19 and a second
receiving circuit 20, thus serving as a diverse recelving
circuit. Each of the receiving circults 19 and 20 1s configured
in the same manner as the receilving circuit of the fifth
embodiment.

The output of one of the two receiving circuit systems
(receiving circuit 19 or 20)that is in the better receiving

condition is selected by a demodulating section 28. With this

configuration, superior recelving characteristics can be

attained even under an unfavorable condition such as fading.

Embodiment 7

As shown 1n Fig. 9, a receiving circuilt according to
a seventh embodiment has an antenna terminal switching circuit
25 upstream of the high frequency signal input terminal 11, thus
serving as a diverse receiving circuit. The antenna terminal
25 switching circuit 25 switches between a first antenna
terminal 23 and a second antenna terminal 24 in accordance with

a
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switching signal that is supplied from an antenna terminal
switching signal input terminal 27. The remaining part of the
circuit configuration is the same as that of the fifth
embodiment.

In this receiving circuit, receiving signals being
input to the first and second antenna terminals 23 and 24 are
compared with each other. A switching signal for selecting an
antenna terminal that is recelving a signal of a higher level,
for instance, is supplied to the antenna terminal switching
signal input terminal 27. 1In accordance with the switching
signal, the antenna terminal switching circuit 25 selects a
signal that is input from the first antenna terminal 23 or the
second antenna terminal 24 and supplies it to the high
frequency signal input terminal 11.

In this receiving circuit, by selecting a signal
recelved by an antenna under better receiving conditions among
signals received by a plurality of antennas, superior receiving
Characteristics can be attained even under an unfavorable
condition such as f;ading. Further, constituted as a single
receiving circuit system, this receiving circuit can be
implemented to be small in size.

As is apparent from the above embodiments, the
receiving circuit o£ the invention is provided with the

unnecessary wave suppressing means which changes the pass

frequency band. As a result, the invention allows, even with

- 14 -
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a configuration that is reduced in size, signal reception in a

plurality of bands with superior receiving characteristics.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A receiving circult for a portable telephone set which
circult converts a high frequency signal that is received by an
antenna into an intermediate frequency signal, comprising:

means for receiving a switching signal for setting a
frequency band for a forward link;

means for suppressing an unnecessary wave included in the
high frequency signal received, which unnecessary wave 18
considered a wave that 1s not used during the forward link;
wherein the frequency band and the unnecessary wave are changed

according to the switching signal.

2. The receiving circuit according to c¢laim 1, wherein the
unnecessary wave suppressing means suppresses the unnecessary

wave by inserting at least one notch into a pass frequency band.

3. The receiving circuilt according to c¢laim 1, wherein the
unnecessary wave suppressing means switches between at least two

pass frequency band widths.

4 . The receiving circuit according to claim 1, wherein the
unnecessary wave suppressing means has at least two pass
frequency bands, and switches between the two pass frequency

bands.

5. The receiving circuit according to claim 1, wherein the
unnecessary wave suppressing means changes a pass frequency band

continuously in accordance with the switching signal.
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6. The receiving circuilt according to any one of claims 1 to
5, further comprising second unnecessary wave Suppressing means
for suppressing an unnecessary wave included in a signal that 1is
output from the unnecessary wave suppressing means 1in the

frequency band that 1s indicated by the switching signal.

7. The receiving circuit according to any one of claims 1 to
5, wherein the receiving circuit is provided in two systems, the
receiving circuit further comprising means for selecting, between
output 1ntermediate frequency signals of the two systems, an

output signal of a system in a better receiving condition.

8. The receiving circuit according to claim 6, wherein the
receiving circuit 1s provided 1in two systems, the receiving
circuit further comprising means for selecting, between output
intermediate frequency signals of the two systems, an output

signal cof a system in a better receiving condition.

0. The receiving circult according to any one of claims 1 to
5, further comprising:

a plurality of antennas; and

means for selecting, among high frequency signals received
by the plurality of antennas, a high frequency signal received
by an antenna in a better receiving condition as the high
frequency signal to be supplied to the unnecessary wave

suppressing means.

10. The receiving circuit according to claim 6, further comprising:
a plurality of antennas; and
means for selecting, among high frequency signals received
by the plurality of antennas, a high frequency signal received
by an antenna in a better receiving condition as the high
frequency signal to be supplied to the unnecessary wave

suppressing means.
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