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Description

TECHNICAL FIELD

[0001] The present invention relates to a receiver that
performs communication using a plurality of radio bands.
[0002] The present application claims priority on Jap-
anese Patent Application No. 2010-4325 filed January
12, 2010.

BACKGROUND ART

[0003] Due to diversification of radio communication
applications, receivers (multiband receivers), which are
able to receive signals in a plurality of frequency bands,
need to broaden reception bands thereof.
[0004] Conventional multiband receivers may subdi-
vide frequency bands for a plurality of radio frequency
bands so as to arrange reception mixers for the respec-
tive frequency bands, or they may limit the number of
radio frequency bands, which can be concurrently re-
ceived therewith, so as to arrange the prerequisite
number of reception circuits (e.g. see NPL 1, NPL2).

CITATION LIST

NON PATENT LITERATURE

[0005]

NPL 1: Ito et al, "Rigorous Study on Cellular Phone
and its System", CQ publisher, RF World No. 2, p57,
April 2008
NPL 2: Kurihara Jun, Suzuki Hiroshi, "Software Ra-
dio Receiver Using RF Filter Bank", Institute of Elec-
tronics, Information and Communication Engineers,
Shingaku Technical Report RCS2004-133, August
2004

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0006] However, the technology of NPL 1 may suffer
from a problem in that the circuit scale thereof must be
increased due to the increasing number of radio frequen-
cy bands when it arranges reception circuits correspond-
ing to radio frequency bands.
[0007] A prior art document disclosing a multiband re-
ceiver is WO 99/25075.
[0008] The present invention is made in consideration
of the foregoing circumstances and provides a receiver
that is able to suppress an increase of the circuit scale
due to the increasing number of radio frequency bands.

SOLUTION TO PROBLEM

[0009] The principles of present invention are as dis-

closed in claims 1-8.

ADVANTAGEOUS EFFECTS OF INVENTION

[0010] According to this invention, a receiver is able to
concurrently convert frequencies of signals included in a
plurality of radio frequency bands. The local signal gen-
erator supplies a plurality of local signals. The adjuster
adjusts local signals in terms of power or relative phases.
The frequency converter concurrently converts frequen-
cies of radio frequency bands by use of local signals,
thus sorting them in a desired frequency range.
[0011] Thus, the receiver is able to suppress an in-
crease of the circuit scale irrespective of the increasing
number of radio frequency bands.

BRIEF DESCRIPTION OF DRAWINGS

[0012]

[Fig. 1] A block diagram showing a receiver accord-
ing to a first embodiment of the present invention.
[Fig. 2] A block diagram showing the detailed con-
stitution of the receiver according to the first embod-
iment of the present invention.
[Fig. 3A] A drawing illustrating the operation of the
receiver according to the first embodiment of the
present invention.
[Fig. 3B] A drawing illustrating the operation of the
receiver according to the first embodiment of the
present invention.
[Fig. 4] A block diagram showing the constitution of
a receiver according to a second embodiment of the
present invention.
[Fig. 5] A block diagram showing the constitution of
a mixer according to the second embodiment of the
present invention.
[Fig. 6] A block diagram showing the constitution of
a receiver according to a third embodiment of the
present invention.
[Fig. 7] A block diagram showing the constitution of
a receiver according to a fourth embodiment of the
present invention.
[Fig. 8A] A drawing illustrating the operation of the
receiver according to the fourth embodiment of the
present invention.
[Fig. 8B] A drawing illustrating the operation of the
receiver according to the fourth embodiment of the
present invention.
[Fig. 9A] A drawing illustrating the operation of a re-
ceiver according to a fifth embodiment of the present
invention.
[Fig. 9B] A drawing illustrating the operation of the
receiver according to the fifth embodiment of the
present invention.
[Fig. 10] A block diagram showing the constitution
of a receiver according to a sixth embodiment of the
present invention.
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[Fig. 11A] A drawing illustrating the operation of the
receiver according to the sixth embodiment of the
present invention.
[Fig. 11B] A drawing illustrating the operation of the
receiver according to the sixth embodiment of the
present invention.
[Fig. 12] A block diagram showing the constitution
of a receiver according to a seventh embodiment of
the present invention.
[Fig. 13A] A drawing illustrating the operation of the
receiver according to the seventh embodiment of the
present invention.
[Fig. 13B] A drawing illustrating the operation of the
receiver according to the seventh embodiment of the
present invention.
[Fig. 13C] A drawing illustrating the operation of the
receiver according to the seventh embodiment of the
present invention.
[Fig. 14] A block diagram showing the constitution
of a receiver according to an eighth embodiment of
the present invention.
[Fig. 15] A block diagram showing the constitution
of a receiver according to a ninth embodiment of the
present invention.
[Fig. 16A] A block diagram showing the constitution
of a mixer according to the ninth embodiment of the
present invention.
[Fig. 16B] A block diagram showing the constitution
of another mixer according to the ninth embodiment
of the present invention.

DESCRIPTION OF EMBODIMENTS

[0013] Hereinafter, one embodiment of the present in-
vention will be described with reference to the drawings.

(First Embodiment)

[0014] Fig. 1 is a block diagram showing the constitu-
tion of a receiver according to a first embodiment of the
present invention.
[0015] Referring to Fig. 1, a receiver 100 includes a
local oscillation signal generator 10, a power phase ad-
juster 20, a frequency converter 30, a frequency band
limiter 40, a variable gain amplifier 50, an analog/digital
converter 60, a signal processor 70, and a controller 80.
[0016] The local signal generator 10 generates and
outputs a plurality of local oscillation signals (local sig-
nals) with the preset frequencies. The local oscillation
signal generator 10 includes a plurality of local oscillators
11-1, 11-2, ..., 11-N that output a plurality of frequencies
LO-1, LO-2, ..., LO-N, which differ from each other.
[0017] The power phase adjuster 20 controls local sig-
nals, supplied by the local signal generator 10, in terms
of the power, frequency, and phase in response to the
setting, thus outputting them to the frequency converter
30.
[0018] The frequency converter 30 performs frequency

conversion on radio signals received via an antenna. The
frequency converter 30 performs frequency conversion
in response to local signals, which are generated by the
local signal generator 10 and supplied thereto via the
power phase adjuster 20, so as to allocate them at de-
sired frequencies in a baseband or an intermediate fre-
quency (IF) band. Owning to the frequency conversion,
the frequency converter 30 is able to control frequency
allocation in a baseband or an IF band. In addition to the
frequency conversion, the frequency converter 30 is able
to adjust gains of frequency conversion in response to
the power, frequency, and phase of local signals input
thereto.
[0019] The frequency band limiter 40 limits frequency
bands of received signals which have been converted by
the frequency converter 30.
[0020] The variable gain amplifier (VGA) 50 performs
amplification with an amplification ratio which is set in
response to the signal power of received signals.
[0021] The analog/digital converter 60 performs sam-
pling on analog signals supplied thereto so as to convert
them into digital signals depending on their signal inten-
sity, thus generating digital signals representing time-se-
ries data.
[0022] The signal processor 70 performs various types
of signal processing necessary for reception processing.
That is, the signal processor 70 performs an error control
process, a decoding process, and an expansion process
on received signals as well as a process of monitoring
received signals.
[0023] The controller 80 controls various parts of the
receiver 100 in response to a setting signal from a master
controller or the like. Additionally, the controller 80 may
control various parts based on the signal power detected
by the signal processor 70.
[0024] The detailed constitution of a receiver of the
present embodiment will be described.
[0025] Fig. 2 is a block diagram showing the constitu-
tion of a receiver of the present embodiment. The con-
stituent elements identical to those of Fig. 1 are desig-
nated by the same reference numerals.
[0026] Referring to Fig. 2, a receiver 100a includes the
local signal generator 10, a power phase adjuster 20a,
a frequency converter 30a, the frequency band limiter
40, and the variable gain amplifier (VGA) 50.
[0027] The power phase adjuster 20a includes variable
attenuators (ATT) 21-1, 21-2, ..., 21-N (collectively re-
ferred to as "ATT 21"), each of which attenuates the pow-
er of each local signal, supplied from the local signal gen-
erator (LO) 10, based on the setting. The ATT 21 is ar-
ranged in response to local signals supplied from the
local signal generator 10. The ATT 21 is able to inde-
pendently set its attenuation ratio, thus setting the power
necessary for each local signal.
[0028] The frequency converter 30a includes a band-
pass filter 31, a low noise amplifier 32, a multiplexer 33,
and a mixer 34.
[0029] The band-pass filter (BPF) 31 is coupled with
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an antenna, so that it extracts RF signals belonging to
all frequency bands subjected to reception processing
from radio frequency (RF) signals received via the an-
tenna.
[0030] The low noise amplifier (LNA) 32 amplifies RF
signals which have been subjected to filtering with the
BPF 31.
[0031] The multiplexer 33 synthesizes or multiplexes
local signals which are supplied from the local signal gen-
erator 10 via the power phase adjuster 20a.
[0032] The mixer 34 mixes RF signals, amplified by
the LNA 32, with local signals supplied from LO 10, thus
converting RF signals into frequencies in a baseband or
an IF band.
[0033] The frequency band limiter 40 is a filter having
a transfer function representing a low-pass characteristic
or a band-pass characteristic. A filter having a transfer
function representing a low-pass characteristic may as
well exhibit a band-pass characteristic owing to a DC-
component elimination capacitor (not shown) blocking a
DC current; hence, this drawing shows a filter having a
transfer function representing a band-pass characteris-
tic. A low cutoff frequency, according to the transmission
characteristic of the frequency band limiter 40, is deter-
mined based on a band of a band-pass filter or based on
a cutoff frequency depending on a characteristic imped-
ance of circuitry and a DC-component elimination capac-
itor. Additionally, a high cutoff frequency, according to
the transmission characteristic of the frequency band lim-
iter 40, is determined based on a sampling frequency
which is needed in digitization of signals in the latter stage
of circuitry. The frequency band limiter 40 extracts signals
belonging to frequency bands which are necessary for
received signals subjected to frequency conversion.
[0034] The local signal generator 10, the power phase
adjuster 20a, the frequency band limiter 40, and the var-
iable gain amplifier (VGA) 50 operate based on the set-
ting of the controller 80 (Fig. 1).
[0035] Next, the frequency conversion of the receiver
of the present embodiment will be described with refer-
ence to Figs. 3A and 3B.
[0036] Fig. 3A shows the channel allocation of RF sig-
nals, which are extracted by the BPF 31, amplified by the
LAN 32, and then supplied to the mixer 34, and the fre-
quency allocation of local signals. In Fig. 3A, the horizon-
tal axis represents the frequency range relating to bands
of RF signals whilst the vertical axis represents the signal
power relating to each frequency band (band).
[0037] This drawing illustrates the state of receiving
RF signals in an order of lower frequencies, i.e. an order
from band B1 to band B3, indicating the state in which
the signal power of an RF signal of band B3 is higher
than the signal power of other channels.
[0038] This drawing shows the relationship between
frequencies LO-1, LO-2, LO-3 of local signals, supplied
from the LO 10, and frequency bands of RF signals.
[0039] Band B1 is allocated to the upper sideband
(USB) with respect to a local signal of frequency LO-1;

band B2 is allocated to the lower sideband (LSB) with
respect to a local signal of frequency LO-2; and band B3
is allocated to the LSB with respect to a local signal of
frequency LO-3 which is allocated in proximity to the up-
per limit of a frequency band of band B3. Prior to frequen-
cy conversion carried out by the frequency converter 30,
the foregoing signals are converted into frequencies rep-
resenting differences between their frequencies and fre-
quencies of local signals and thus allocated to a base-
band. It is possible to convert them to desired frequencies
in a baseband by selecting frequencies LO-1 to LO-3 of
local signals with appropriate intervals relative to the fre-
quencies of bands B1 to B3. Thus, it is possible to juxta-
pose bands in a low frequency range with narrow inter-
vals therebetween by determining frequency allocation
not causing mutual interference. At this time, it is neces-
sary to set the relationship between frequencies of local
signals and frequencies of bands prior to frequency con-
version such that bands after frequency conversion will
not overlap with each other.
[0040] Fig. 3B shows the results of frequency conver-
sion on signals in bands shown in Fig. 3A.
[0041] In Fig. 3B, the horizontal axis represents the
frequency range of baseband signals whilst the vertical
axis represents the signal power in frequencies (chan-
nels). Signals shown in this drawing are signals which
are subjected to frequency conversion with the frequency
converter 30 and then outputted via the frequency band
limiter 40 and the VGA 50.
[0042] Based on the result of frequency conversion,
bands are allocated in the order of ones proximate to DC,
i.e. bands B3, B1, and B2. Although leakage of local sig-
nals, and unwanted signals such as cross modulation
distortion may occur in a high frequency range, their pow-
er will be suppressed by way of band limitation with the
frequency band limiter 40.
[0043] A signal of band B3 is attenuated in power at
the same level of other signals of bands B1 and B2. As
a method for reducing conversion gain of band B3 to be
lower than that of bands B1 and B2, it is possible to em-
ploy a method in which an attenuation value of the ATT
21-3 is significantly increased to thereby reduce the pow-
er of LO-3 to be relatively lower than the power of fre-
quencies LO-1 and LO-2.
[0044] With a low cutoff frequency determined by the
frequency band limiter 40 and the DC component elimi-
nation capacitor, it is possible to allocate at least a part
of band B3, which is placed in the lowest frequency band,
to a low frequency range, thus attenuating the signal pow-
er of band B3 to match the power of other bands.
[0045] As described above, owing to the controller 80
that sets the power and frequency of local signals with
the LO 10, it is possible to suppress signals of channels
with high signal power and to allocate signals of bands
within a limited frequency range.
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(Second Embodiment)

[0046] Next, a receiver according to a second embod-
iment of the present invention will be described with ref-
erence to Fig. 4.
[0047] Fig. 4 is a block diagram showing the constitu-
tion of the receiver according to the second embodiment
of the present invention. The constituent elements iden-
tical to those shown in Figs. 1 and 2 are denoted using
the same reference signs.
[0048] Referring to Fig. 4, a receiver 100b includes a
plurality of local oscillators 11-1, 11-2, ..., 11-N, which
correspond to the local signal generator (LO) 10 of the
first embodiment, and a plurality of variable attenuators
(ATT) 21-1, 21-2, ..., 21-N, which correspond to the pow-
er phase adjuster 20a of the first embodiment. Addition-
ally, the receiver 100b includes a plurality of mixers 34-1,
34-2, ..., 34-N, which correspond to the mixer 34 of the
first embodiment. The frequency converter 30a of the
first embodiment is configured of the band-pass filter 31,
the low noise filter 32, and the mixers 34-1 to 34-N. Similar
to the first embodiment, this frequency converter is con-
nected to the frequency band limiter 40 and the variable
gain amplifier 50.
[0049] The mixers 34-1 to 34-N are individually ar-
ranged in connection with the local oscillators 11-1 to 11-
N, included in the local signal generator (LO), and the
variable attenuators (ATT) 21-1 to 21-N, included in the
power phase adjuster.
[0050] The mixers 34-1 to 34-N are connected be-
tween the output terminal of the LNA 32 and the input
terminal of the frequency band limiter 40. The mixers
34-1, 34-2, ..., 34-N perform frequency conversion on
signals supplied from the LNA 32 in response to local
signals supplied thereto, thus providing the frequency
band limiter 40 with signals whose frequencies are con-
verted into a baseband.
[0051] The detailed constitution of mixers in the
present embodiment will be described with reference to
Fig. 5.
[0052] Fig. 5 shows a circuit configuration relating to
the mixers 34-1, 34-2, ..., 34-N in the present embodi-
ment. The constituent elements identical to those of Fig.
4 are denoted using the same reference signs. In this
drawing, the mixers 34-1, 34-2, ..., 34-N are each con-
figured of a field-effect transistor (FET) and a matching
circuit. The sources of FETs are grounded; the drains
thereof are connected in common; and the gates thereof
are supplied with local signals LO-1, LO-2, ..., LO-N. It
is possible to independently change conversion gains,
with which multiband RF signals, supplied to drains of
FETs, are converted into a baseband, in response to local
signals supplied to the gates of FETs, so that mixers are
able to perform frequency conversion in response to local
signals, thus producing baseband signals.
[0053] It is possible to independently control the con-
version gains of the mixers 11-1, 11-2, ..., 11-N by inde-
pendently controlling the variable attenuators (ATT)

21-1, 21-2, ..., 21-N included in the power phase adjuster
20.

(Third Embodiment)

[0054] A receiver according to a third embodiment of
the present invention will be described with reference to
Fig. 6.
[0055] Fig. 6 is a block diagram showing the receiver
according to the third embodiment of the present inven-
tion. The constituent elements identical to those of the
foregoing embodiments shown in Figs. 1, 2, and 4 are
denoted using the same reference signs.
[0056] Referring to Fig. 6, a receiver 100c includes a
plurality of local oscillators 11-1, 11-2, ..., 11-N, which
correspond to the local signal generator 10 of the first
embodiment, and a plurality of variable attenuators (ATT)
21-1, 21-2, ..., 21-N, which correspond to the power
phase adjuster 20a of the first embodiment.
[0057] A frequency converter is configured of the band-
pass filter 31, the low noise amplifier 32, the mixers 34-1
to 34-N, a demultiplexer 35, and a multiplexer 36. The
frequency converter is connected to the frequency band
limiter 40 and the variable gain amplifier 50.
[0058] The demultiplexer 35 is interposed between the
LNA 32 and the mixer 34-1, 34-2, ..., 34-N, wherein it de-
multiplexes multiband RF signals, supplied from the LNA
32, into signals of subdivided frequencies applied to the
mixers 34-1, 34-2, ..., 34-N. In this connection, the de-
multiplexer 35 may be configured of a distributor.
[0059] The multiplexer 36 is interposed between the
mixers 34-1, 34-2, ..., 34-N and the frequency band lim-
iter 40, wherein it multiplexes baseband signals supplied
from the mixers 34-1, 34-2, ..., 34-N.
[0060] The constitution of this drawing is able to per-
form the same operation as the constitution shown in Fig.
4. Compared to the constitution of Fig. 4, it is able to
secure isolation between mixers by use of the demulti-
plexer 35 and the multiplexer 36 so that it has an advan-
tage in reducing generation power of unwanted waves.

(Fourth Embodiment)

[0061] A receiver according to a fourth embodiment of
the present invention will be described with reference to
Fig. 7.
[0062] Fig. 7 is a block diagram showing the constitu-
tion of the receiver of the present embodiment. The con-
stituent elements identical to those of the foregoing em-
bodiments shown in Figs. 1, 2, and 6 are denoted using
the same reference signs.
[0063] Referring to Fig. 7, a receiver 100d includes the
local signal generator 10, the power phase adjuster 20a,
a frequency converter 30d, the frequency band limiter
40, and the variable gain amplifier 50.
[0064] The frequency converter 30d includes the band-
pass filter 31, the low noise amplifier 32, the mixers 34-1,
34-2, a distributer 34, a multiplexer 36d, and a distributed

7 8 



EP 2 525 500 B1

6

5

10

15

20

25

30

35

40

45

50

55

multiplexer 37.
[0065] The mixers 34-1, 34-2 mix RF signals, amplified
by the LNA 32, with local signals supplied from the LO
10, thus converting RF signals into frequencies of base-
band signals. The mixers 34-1 and 34-2 are supplied with
local signals with a phase difference of 90° therebetween.
[0066] The multiplexer 36d multiplexes baseband sig-
nals supplied from the mixers 34-1 and 34-2. The multi-
plexer 36 performs multiplexing while rotating the phase
of an input signal, applied to one input terminal thereof,
by 90°.
[0067] The distributed multiplexer 37 performs half-
split distribution and multiplexing on a plurality of local
signals supplied from the power phase adjuster 20a. The
distributed multiplexer 37 sets a phase difference of 90°
to one of half-split local signals.
[0068] According to the above constitution, the fre-
quency converter 30d is able to perform frequency con-
version due to the image-suppression mixer configura-
tion. The frequency converter 30d, employing the image-
suppression mixer configuration, is able to reduce noise
of image bands and unwanted waves.
[0069] By independently controlling the power phase
adjusters 21-1, 21-2, ..., 21-N, it is possible to independ-
ently control the power of LO signals in the mixers 34-1,
34-2, thus independently controlling the conversion gains
of mixers for LO frequencies.
[0070] The frequency conversion of the receiver of the
present embodiment will be described with reference to
Figs. 8A and 8B.
[0071] Fig. 8A shows the frequency allocation of RF
signals, which are extracted by the BPF 31, amplified by
the LNA 32, and then supplied to the mixers 34, as well
as the frequency allocation of LO signals. In Fig. 8A, the
horizontal axis represents the frequency range of RF sig-
nals whilst the vertical axis represents the signal power
of frequency bands (bands).
[0072] This drawing shows the situation in which RF
signals of bands B1 to B3 are received in the ascending
order of frequencies, wherein an RF signal of band B2
is higher in signal power than other channels.
[0073] Additionally, this drawing shows the correlation
between frequencies LO-1, LO-2a (or LO-2b) of local sig-
nals, supplied from the LO 10, and frequency bands of
RF signals.
[0074] Band B1 is allocated to the USB relative to an
oscillation signal of frequency LO-1; band B2 is allocated
to the USB relative to a local signal of frequency LO-2a
(or the USB relative to a local signal of frequency LO-
2b); and band B3 is allocated to the USB relative to a
local signal of frequency LO-3.
[0075] Prior to frequency conversion with the frequen-
cy converter 30d, the foregoing signals are converted
into frequencies, representing differences between their
frequencies and frequencies of local signals, and allo-
cated to a baseband. It is possible to convert them into
desired frequencies in a baseband by selecting frequen-
cies LO-1 to LO-3 of local signals with appropriate inter-

vals in connection with frequencies of bands B1 to B3.
Thus, it is possible to juxtapose bands in a low frequency
range with narrow intervals therebetween. At this time,
it is necessary to set the relationship between frequen-
cies of local signals and frequencies of bands prior to
frequency conversion such that bands after frequency
conversion will not overlap with each other.
[0076] Fig. 8B shows the result of frequency conver-
sion on signals of bands shown in Fig. 8A.
[0077] In Fig. 8B, the horizontal axis represents the
frequency range of baseband signals whilst the vertical
axis represents the signal power in frequencies (chan-
nels). Signals shown in this drawing are signals which
are subjected to frequency conversion with the frequency
converter 30 and then outputted via the frequency band
limiter 40 and the VGA 50.
[0078] Based on the result of frequency conversion,
bands are allocated in the order of ones proximate to DC,
i.e. bands B3, B1, and B2. Herein, band B2 indicates the
situation in which the power thereof is attenuated to the
same level as other bands B1, B3. This may cause leak-
age of local signals and unwanted signals such as cross
modulation distortions in a high frequency range, but the
frequency band limiter 40 is able to suppress the power
of unwanted signals.
[0079] Owing to the multiplexing via the multiplexer 36,
an image-suppression mixer selects signals, which
should be outputted to an output terminal, depending on
whether they are each allocated to either the LSB or USB
of each local signal. Non-selected bands exhibit the same
amplitude but the reverse phase in the multiplexer 36,
so that they are canceled out each other. Due to the pres-
ence of amplitude errors and phase errors, however, they
cannot be completely canceled out, so that leakage sig-
nals, which should have been blocked, may be attenu-
ated but outputted. The present embodiment positively
utilizes attenuation characteristics due to leakage; there-
fore, it is possible to reduce signal power, regarding sig-
nals of bands having high signal power, by way of fre-
quency conversion precluding leakage, and it is possible
to reduce power differences compared with the signal
power of other bands. As shown in Fig. 8A, it is possible
to switch over LO-2 whether it is allocated to either a low
frequency side (i.e. the position of LO-2a) relative to band
B2 or a high frequency side (i.e. the position ofLO-2b),
i.e. whether it is allocated to the USB or the LSB.
[0080] As described above, the controller 80 sets fre-
quencies of local signals of the LO 10; therefore, it is
possible to suppress signals of channels having high sig-
nal power, and it is possible to allocate signals of bands
into a limited frequency range.

(Fifth Embodiment)

[0081] Next, another frequency conversion with the
frequency converter 100d shown in Fig. 7 will be de-
scribed with reference to Figs. 9A and 9B. Fig. 9A shows
frequency allocation of RF signals which are extracted
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by the BPF 31, amplified by the LNA 32, and then supplied
to the mixers 34. In Fig. 9A, the horizontal axis represents
the frequency range of RF signals whilst the vertical axis
represents the signal power of frequency bands (bands).
[0082] This drawing shows the situation in which RF
signals of bands B1 to B3 are received in the ascending
order of frequencies, wherein an RF signal of band B2
indicates higher signal power than other channels.
[0083] Additionally, this drawing shows the correlation
between frequencies LO-1, LO-2, LO-3 of local signals,
supplied from the LO 10, and frequency bands of RF
signals. A local signal of frequency LO-2 exhibits smaller
amplitude, i.e. smaller signal power, than other local sig-
nals by way of the power phase adjuster 20d.
[0084] Band B1 is allocated to the USB relative to a
local signal of frequency LO-1, which is positioned in
proximity to the lower limit of a frequency band of band
B1. Band B2 is allocated to the LSB relative to a local
signal of frequency LO-2, while band B3 is allocated to
the LSB relative to a local signal of frequency LO-3.
[0085] Due to frequency conversion with the frequency
converter 30d, the foregoing signals are converted into
frequencies, representing differences between their fre-
quencies and frequencies of local signals, and allocated
into a baseband. Since they can be converted into de-
sired frequencies in a baseband by selecting frequencies
LO-1 to LO3 of local signals with appropriate intervals in
connection with frequencies of bands B1 to B3, it is pos-
sible to closely juxtapose bands with narrow intervals
therebetween in a low frequency range. At this time, it is
necessary to set the relationship between frequencies of
local signals and frequencies of bands prior to frequency
conversion such that bands after frequency conversion
will not overlap with each other.
[0086] Fig. 9B shows the result of frequency conver-
sion on signals of bands shown in Fig. 9A.
[0087] In Fig. 9B, the horizontal axis represents the
frequency range of baseband signals whilst the vertical
axis represents the signal power in frequencies (chan-
nels). Signals shown in this drawing are signals which
are subjected to frequency conversion with the frequency
converter 30 and then outputted via the frequency band
limiter 40 and the VGA 50.
[0088] Based on the result of frequency conversion,
bands are allocated in the order of ones proximate to DC,
i.e. bands B1, B3, and B2. Herein, band B2 indicates the
situation in which the power thereof is attenuated to be
lower than signals of other bands B1, B3. Additionally,
leakage of local signals occurs in a high frequency range.
[0089] Moreover, a local signal of frequency LO-2 is
lower in signal power than other local signals; therefore,
in the process of frequency conversion, it is possible to
reduce signal power of band B2 which is subjected to
frequency conversion using its local signal, and it is pos-
sible to reduce differences of signal power compared to
other bands.
[0090] As described above, the controller 80 sets fre-
quencies of local signals of the LO 10 and an attenuation

ratio of the power phase adjuster 20b; therefore, it is pos-
sible to suppress signals of channels having high signal
power, and it is possible to allocate signals of bands into
a limited frequency range.

(Sixth Embodiment)

[0091] Next, a receiver according to a sixth embodi-
ment of the present invention will be described with ref-
erence to Fig. 10.
[0092] Fig. 10 is a block diagram showing the consti-
tution of the receiver of the present embodiment. The
constituent elements identical to those of the first em-
bodiment shown in Figs. 1 and 2 are denoted using the
same reference signs.
[0093] Referring to Fig. 10, a receiver 100e includes a
local signal generator (LO) including a plurality of local
oscillators 11-1, 11-2, ..., 11-N. The latter stage and the
former stage of the local oscillators 11-1, 11-2, ..., 11-N
are connected to phase shifters 22-1, 22-2, ..., 22-N (col-
lectively referred to as phase shifters 22) and phase shift-
ers 23-1, 23-2, ..., 23-N (collectively referred to as phase
shifters 23). A power phase adjuster is configured of the
phase shifters 22 and 23.
[0094] The phase shifters 22 forward local signals,
supplied from the LO 10, while rotating their phases by
90°.
[0095] The phase shifters 23 forward local signals,
supplied from the LO 10, while directly transmitting them
therethrough or rotating their phases by 180° based on
the setting. That is, rotating phases by 180° is equivalent
to the inversion of supplied signals, for example, wherein
it can be realized using one stage of source-grounded
amplifiers with a gain of 0 dB (decibel).
[0096] A frequency converter 30e is connected to the
phase shifters 22 and 23. The frequency converter 30e
includes the band-pass filter 31, the low noise amplifier
32, multiplexers 33-1, 33-2, the mixers 34-1, 34-2, the
distributer 35, a multiplexer 36d, and a variable gain am-
plifier (VGA) 38. The frequency converter 30e is connect-
ed to the frequency band limiter 40 and the variable gain
amplifier 50.
[0097] The multiplexers 33-1, 33-2 multiplex and out-
put local signals having different frequencies supplied
thereto.
[0098] The variable gain amplifier (VBA) 38 performs
amplification to signal power necessary for frequency
conversion.
[0099] The frequency conversion of the receiver 100e
shown in Fig. 10 will be described with reference to Figs.
11A and 11B. Fig. 11A shows the frequency allocation
of local signals and the channel allocation ofRF signals,
which are extracted by the BPF 31, amplified by the LNA
32, and then supplied via the mixers 34. In Fig. 11A, the
horizontal axis represents the frequency range of RF sig-
nals whilst the vertical axis represents the signal power
of frequency bands (bands).
[0100] This drawing shows the situation in which RF
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signals of bands B1 to B3 are received in the ascending
order of frequencies, wherein an RF signal of band B2
is higher in signal power than other channels.
[0101] Additionally, this drawing shows the correlation
between frequencies LO-1, LO-2, LO-3 of local signals,
supplied from the LO 10, and frequencies of RF signals.
All the local signals are set to the same signal power.
[0102] Band B1 is allocated to the LSB relative to a
local signal of frequency LO-1; band B2 is allocated to
the USB relative to a local signal of frequency LO-2; and
band B3 is allocated to the LSB relative to a local signal
of frequency LO-3.
[0103] Owing to the frequency conversion of the fre-
quency converter 30e, the foregoing signals are convert-
ed into frequencies representing differences between
their frequencies and frequencies of local signals and
allocated into a baseband. Since they can be converted
to desired frequencies in a baseband by selecting fre-
quencies LO-1 to LO-3 of local signals relative to fre-
quencies of bands B1 to B3 with appropriate intervals
therebetween, it is possible to closely juxtapose bands
in a low frequency range with narrow intervals therebe-
tween. At this time, it is necessary to set the relationship
between frequencies of local signal and frequencies of
bands prior to frequency conversion such that bands after
frequency conversion will not overlap with each other.
[0104] Fig. 11B shows the result of the frequency con-
version on signals of bands shown in Fig. 11A.
[0105] In Fig. 11B, the horizontal axis represents the
frequency range of baseband signals whilst the vertical
axis represents the signal power in frequencies (chan-
nels). Signals shown in this drawing are signals which
are subjected to frequency conversion with the frequency
converter 30 and then outputted via the frequency band
limiter 40 and the VGA 50.
[0106] Based on the result of the frequency conver-
sion, bands are allocated in the order of ones proximate
to DC, i.e. bands B3, B1, and B2. This shows the situation
in which a signal of band B2 is attenuated in power to be
lower than signals of other bands B1, B3. Additionally,
leakage of local signals and unwanted waves such as
cross modulation distortions may occur in a high frequen-
cy range but they are suppressed with the frequency
band limiter 40.
[0107] In the phase shifters 23, when the phase setting
of the phase shifter 23-2, corresponding to a local signal
of frequency LO-2, is switched from 0° to 180°, the phas-
es of local signals input to the mixers 34-1, 34-2 are
switched from (0°, 90°) to (180°, 90°). Using an image-
suppression mixer configured of the distributor 35, the
mixers 34-1, 34-2, and the multiplexer 36d, it is possible
to switch the frequency band, selected by the multiplexer
36d, from the USB to the LSB due to the above phase
switching. That is, in principle, a local signal of frequency
LO-2 may be canceled out with its counterpart signal hav-
ing the same amplitude but a different phase since it be-
longs to the USB of band B2. However, due to amplitude
and phase errors, they are not completely canceled out,

thus causing attenuated leakage signals. The present
constitution positively utilizes attenuation characteristics
such that a signal of band B2 with high power is attenu-
ated as a leakage signal whilst signals of bands B 1, B3
are regarded as normally selectable signals in connec-
tion with local signals of other frequencies LO-1, LO-3;
hence, it is possible to reduce differences of signal power
in all bands.
[0108] As described above, the controller 80 sets the
frequencies of local signals, generated by the LO 10, and
phases of phase shifters 23 so as to suppress signals in
channels with high signal power; therefore, it is possible
to allocate signals of bands into a limited frequency
range.

(Seventh Embodiment)

[0109] Next, a receiver according to a seventh embod-
iment of the present invention will be described with ref-
erence to Fig. 12.
[0110] Fig. 12 is a block diagram showing the consti-
tution of the receiver of the present embodiment. The
constituent elements identical to those of the foregoing
embodiments shown in Figs. 1, 2, 7, and 10 are denoted
using the same reference signs.
[0111] A receiver 100f shown in Fig. 12 includes a local
signal generator (LO) 10f, a power phase adjuster 20f, a
frequency converter 30f, a frequency band limiter 40f, a
variable gain amplifier 50f, and an analog/digital convert-
er 60f.
[0112] The local signal generator (LO) 10 of includes
a plurality of local oscillators 11-1, 11-2 outputting fre-
quencies LO-1, LO-2.
[0113] The power phase adjuster 20f includes the var-
iable attenuators (ATT) 21-1, 21-2, a selector 24, and a
phase shifter 25.
[0114] The selector (DPDT-SW) 24 is a double-pole
double-throw (DPDT) switch. The selector 24 is able to
select two local signals input thereto so as to output one
or both of them at output terminals thereof.
[0115] The phase shifter 25 converts two local signals,
input thereto, into signals with a phase difference of 90°,
thus delivering a local signal with a reference phase and
another local signal with a phase of 90°. Herein, a local
signal with a reference phase is supplied to the mixer
34-1 while a local signal with a phase of 90° is supplied
to the mixer 34-2.
[0116] The frequency converter 30f includes the band-
pass filter 31, the low noise amplifier 32, the mixers 34-1,
34-2, the distributor 35, the variable gain amplifier (VGA)
38, and a distributed multiplexer 39.
[0117] The distributed multiplexer 39 multiplexes two
signals inputted thereto with a phase difference of 690°,
thus separately outputting signals. Through the switching
of the selector (DPDT-SW) 24, it is possible to switch the
destination of the LSB or USB of each local signal to
either a signal A or a signal B. For example, it is possible
to switch the LSB of frequency LO-1 to a signal A while
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switching the USB to signal B, and it is possible to switch
the USB of frequency LO-2 to a signal A while switching
the LSB to a signal B.
[0118] The frequency band limiter 40f includes band-
pass filters (BPF) 41-1, 41-2 which operate independent-
ly of each other.
[0119] The BPFs 41-1, 41-2 have their transmission
characteristics relating to the same frequency range,
wherein it is possible to determine a gain of a passing
band, a center frequency, and a frequency bandwidth
based on the setting. That is, upon receiving excessive
signals, the BPFs 41-1, 41-2 may be each reduced in a
passing-band gain so as to optimize signal power trans-
ferred to the latter stage.
[0120] The variable gain amplifier 50f includes variable
gain amplifiers 51-1, 51-2 whose amplification factors
can be independently determined.
[0121] Thus, the frequency band limiter 40f and the
variable gain amplifier 50f are able to independently de-
termine amplification factors applied to signals A and B
output from the frequency converter 30f; therefore, it is
possible to optimize signal power input to the analog/dig-
ital converter 60f
[0122] The frequency conversion of the receiver 100f
shown in Fig. 12 will be described with reference to Figs.
13A to 13C. Fig. 13A shows the frequency allocation of
local signals and the channel allocation of RF signals
which are extracted by the BPF 31, amplified by the LNA
32, and then supplied to the mixers 34. In this drawing,
the horizontal axis represents the frequency range of RF
signals whilst the vertical axis represents the signal pow-
er in frequencies (bands).
[0123] This drawing shows the situation in which RF
signals of bands B1 to B3 are received in the ascending
order of frequencies, wherein an RF signal of band B2
has higher signal power than other channels.
[0124] This drawing shows the correlation between fre-
quencies LO-1, LO-2 of local signals, supplied from the
LO 10, and frequency bands of RF signals. All the local
signals are set to the same signal power.
[0125] Band B1 is allocated to the LSB relative to a
local signal of frequency LO-1, whilst band B2 is allocated
to the USB relative to a local signal of frequency LO-1.
A local signal of frequency LO-1 is selected as a frequen-
cy between bands B1 and B2. Band B3 is allocated to
the LSB relative to a local signal of frequency LO-2. A
local signal of frequency LO-2 is selected as a frequency
by which a signal of band B3 can be converted to a low
frequency lower than a frequency range corresponding
to a half of a frequency interval between bands B1 and B2.
[0126] Owing to the frequency conversion of the fre-
quency converter 30f, the foregoing signals are convert-
ed into frequencies representing differences between
their frequencies and frequencies of local signals and
allocated to a baseband. Since they can be converted
into desired frequencies in a baseband by selecting fre-
quencies LO-1, LO-2 of local signals relative to frequen-
cies of bands B1 to B3 with appropriate intervals there-

between, it is possible to closely juxtapose bands in a
low frequency range with narrow intervals therebetween.
At this time, it is necessary to set the relationship between
frequencies of local signals and frequencies of bands
prior to frequency conversion such that bands after fre-
quency conversion will not overlap with each other.
[0127] Figs. 13B and 13C show the results of frequen-
cy conversion on signals of bands shown in Fig. 13A,
wherein they show signals A, B output from the frequency
converter 30f.
[0128] In this drawing, the horizontal axis represents
the frequency range of baseband signals whilst the ver-
tical axis represents signal power in frequencies (chan-
nels). Signals shown in this drawing are signals which
are subjected to frequency conversion with the frequency
converter 30f and then outputted via the frequency band
limiter 40f and the VGA 50f.
[0129] Based on the result of the frequency conver-
sion, bands B3 and B1, which are arranged in the order
proximate to DC, are allocated to a signal A whilst band
B2 is allocated to a signal B. Herein, it is possible to at-
tenuate a signal of band B2 in signal power to be lower
than signals of other bands B1, B3 by increasing an at-
tenuation value with the frequency band limiter 41-2 and
the variable gain amplifier 51-2, thus reducing its power
difference compared to signal power of other bands.
[0130] The above example refers to attenuation of
band B2 alone, but it is possible to independently control
conversion gains, applied to three bands B1, B2, and B3,
depending on a combination of the attenuation values of
the variable attenuators (ATT) 21-1, 21-2, the setting of
the selector (DPDT-SW) 24, the attenuation value with
the frequency band limiter 41f and the variable gain am-
plifier 50f.
[0131] As described above, the controller 80 deter-
mines the setting regarding the frequencies of local sig-
nals of the LO 10f, the attenuation factor and the frequen-
cy switching of the power phase adjuster 20f, and the
attenuation factor with the frequency band limiter 40f and
the variable gain amplifier 50f; therefore, it is possible to
suppress signals of channels with high signal power, and
it is possible to allocate signals of bands into a limited
frequency range.

(Eighth Embodiment)

[0132] Fig. 14 is a block diagram showing the consti-
tution of a receiver according to an eighth embodiment
of the present invention. The constituent elements iden-
tical to those of the foregoing embodiments shown in
Figs. 1, 2, and 7 are denoted using the same reference
signs.
[0133] Referring to Fig. 4, a receiver 100g includes a
local signal generator (LO) 10g, the power phase adjuster
20a, the frequency converter 30d, the frequency band
limiter 40, and the variable gain amplifier 50.
[0134] The LO 10g includes local signal generators
11-1, ..., 11-M (collectively referred to as local signal gen-
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erators 11) and direct digital synthesizers (DDS) 12-1,
12-2, ..., 12-N (collectively referred to as DDS 12).
[0135] The local signal generator 11 supplies an oscil-
lating clock signal to the DDS 12.
[0136] The DDS 12 uses the frequency of an oscillating
clock signal supplied thereto as a reference signal, thus
producing a local signal with a desired frequency based
on the setting. Thus, it can be used as a frequency-var-
iable local signal generator with a high-speed switching
ability.
[0137] The above constitution can be employed in-
stead of the LO 10 used in the foregoing embodiments.
[0138] This may reduce the number of oscillating clock
signals and improve the degree of freedom in setting a
frequency range for local signals to be generated; there-
fore, it is possible to form a receiver without fixedly using
a plurality of local signal generators.

(Ninth Embodiment)

[0139] Fig. 15 is a block diagram showing the consti-
tution of a receiver according to a ninth embodiment of
the present invention. The constituent elements identical
to those shown in Figs. 1 and 2 are denoted using the
same reference signs.
[0140] Referring to Fig. 15, a receiver 100h includes
the local signal generator (LO) 10f, a power phase ad-
juster 20h, a frequency converter 30h, the frequency
band limiter 40, and the variable gain amplifier 50.
[0141] The power phase adjuster 20h includes the var-
iable attenuators (ATT) 21-1,21-2.
[0142] The frequency converter 30h includes the band-
pass filter 31, the low noise amplifier 32, and a mixer
34DP.
[0143] The mixer 34DP has input terminals for inputting
two local signals but does need a multiplexer disposed
externally thereof, wherein it performs frequency conver-
sion in response to two local signals having two frequen-
cies input thereto.
[0144] The detailed constitution of the mixer 34DP will
be described with reference to Figs. 16A and 16B.
[0145] The constitution shown in Fig. 16A uses a dual
gate transistor T1 a for the mixer 34DP.
[0146] The source of the dual gate transistor T1a is
grounded; the drain thereof is connected to a signal line;
and the gates thereof are supplied with local signals LO-
1, LO-2. The dual gate transistor T1a is able to change
an amplification factor, applied to a multiband RF signal
supplied to the drain, in response to two local signals
supplied to the gates thereof. Additionally, it performs
frequency conversion, serving as a mixer, in response
to local signals LO-1, LO-2, thus producing a baseband
signal.
[0147] The constitution shown in Fig. 16B uses a dual
gate transistor T1b for the mixer 34DP.
[0148] The source of the dual gate transistor T1b is
grounded whilst the drain thereof is supplied with one
local signal LO-1 and connected to a signal output ter-

minal. Additionally, two gates are supplied with another
local signal LO-2 and multiband RF signal. The dual gate
transistor T1b is able to change an amplification factor,
applied to a multiband RF signal supplied to another gate,
in response to two local signals supplied to another gate
and the drain thereof. Additionally, it performs frequency
conversion, serving as a mixer, in response to local sig-
nals LO-1, LO-2, thus producing a baseband signal.
[0149] The foregoing embodiments are described
based on the assumption that RF signals are converted
into baseband signals; however, it is possible to convert
them into IF signals instead of baseband signals. In this
case, the first, second, fifth, and sixth embodiments pre-
vent them from being converted into signals disposed
proximate to DC components; hence, signals of bands
with high signal power can be allocated to a cutoff fre-
quency range close to a low cutoff frequency of the BPF
41 or the like.
[0150] In the foregoing embodiments, the local signal
generator 10, which performs frequency conversion on
signals included in a plurality of radio frequency bands,
is able to supply a plurality of local signals. The power
phase adjuster 20 adjusts local signals in terms of abso-
lute power or relative phases. The frequency converter
30 performs frequency conversion, using local signals,
with respect to radio frequency bands, thus sorting sig-
nals in a desired frequency range.
[0151] Thus, the receiver 100 is able to reduce an in-
crease of circuit scale irrespective of the increasing
number of radio frequency bands.
[0152] In the foregoing embodiments, the frequency
converter 20 performs frequency conversion on signals
included in a frequency range belonging to either the low
side band (LSB) or the upper side band (USB) of each
local signal in response to a relative phase difference
compared to each local signal.
[0153] Thus, the frequency converter 30 is able to ex-
tract signals included in a frequency range belonging to
either the low side band (LSB) or the upper side band
(USB) of each local signal. Alternatively, the frequency
converter 30 is able to set an amplification factor sepa-
rately with respect to signals belonging to either the low
side band (LSB) or the upper side band (USB) of each
local signal; hence, it is possible to collectively process
a plurality of reception bands.
[0154] In the foregoing embodiments, the frequency
converter 30 performs frequency conversion based on
local signals while performing image suppression; alter-
natively, it outputs the low side band (LSB) and the upper
side band (USB) separately.
[0155] Thus, the frequency converter 30 is able to per-
form image suppression on signals, included in a fre-
quency range belonging to either the low side band (LSB)
or the upper side band (USB) of each local signal, thus
extracting them. Alternatively, the frequency converter
30 is able to set an amplification factor separately with
respect to signals belonging to the low side band (LSB)
or the upper side band (USB) of each local signal; hence,
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it is possible to collectively process a plurality of reception
bands.
[0156] In the foregoing embodiments, the power phase
adjuster 20 generates and provides a pair of local signals,
which are paired with a perpendicular phase difference
therebetween, based on local signals.
[0157] Thus, the power phase adjuster 20 is able to
generate a pair of local signals, which are paired with a
perpendicular phase difference therebetween, based on
local signals.
[0158] In the foregoing embodiments, the power phase
adjuster 20 includes the phase shifter 23 which is able
to switch over a relative phase difference between local
signals with a perpendicular phase difference therebe-
tween.
[0159] Thus, the power phase adjuster 20 is able to
extract a signal whose allocation is switched to either the
low side band (LSB) or the upper side band (USB) of
each local signal by switching over a relative phase dif-
ference between local signals with a perpendicular phase
difference therebetween.
[0160] In the foregoing embodiments, the frequency
converter 30 performs frequency conversion on signals
included in at least one of frequency ranges belonging
to the low side band (LSB) and the upper side band (USB)
of each local signal in response to the frequency of each
local signal.
[0161] Thus, the frequency converter 30 is able to ex-
tract signals included in at least one of frequency ranges
belonging to the low side band (LSB) and the upper side
band (USB) of each local signal. Alternatively, the fre-
quency converter 30 is able to set an amplification factor
separately with respect to signals belonging to the low
side band (LSB) or the upper side band (USB) of each
local signal; hence, it is possible to collectively process
a plurality of reception bands.
[0162] In the foregoing embodiments, the signal proc-
essor 70 detects power for each frequency band includ-
ing radio signals subjected to frequency conversion. The
controller 80 reduces a power difference between radio
signals in frequency bands in response to the detected
power, wherein it adjusts an attenuation value, in atten-
uating power of each local signal for each frequency
band, or it adjusts any one of the frequency or the relative
phase difference relating to each local signal.
[0163] Thus, the signal processor 70 detects power for
each frequency band; and therefore, the controller 80 is
able to suppress excessive signals or adjust a balance
of signal power based on the amount of signal power for
each frequency band. Additionally, it is possible to im-
prove an efficiency of frequency allocation through fre-
quency conversion, and it is therefore possible to convert
signals, allocated to a plurality of frequency bands, into
signals with limited amounts of information.
[0164] In the foregoing embodiments, the signal proc-
essor 70 is arranged at a position which differs from the
frequency converter 30, so that it is supplied with signals,
subjected to frequency conversion with the frequency

converter 70, via a transmission means.
[0165] Thus, the receiver 100 can be configured as an
integrally-unified receiver in which the place of receiving
radio signals is separated from the place of the signal
processor 70 whilst a necessary transmission means is
arranged to transmit received signals and control signals.
The transmission means may have an ability of transmit-
ting frequency bands conveying baseband signals, which
are produced through frequency conversion of radio sig-
nals; hence, the constitution thereof can be easily made
in comparison with the constitution of directly receiving
radio signals in a wide band. In this connection, the trans-
mission means may selectively employ an analog signal
transmission system or a digital signal transmission sys-
tem.
[0166] The constitutions of the foregoing embodiments
can be modified with respect to values and combinations
thereof without changing the essential characteristics of
the present invention.
[0167] Additionally, the signal processor 70 and the
controller 80 may be configured to include a processor
such as a CPU that operates based on stored programs,
wherein it is possible to control various parts of the re-
ceiver 100 based on programs. Additionally, it is possible
to realize the signal processor 70 and the controller 80
according to the processing conducted by the same CPU.

INDUSTRIAL APPLICABILITY

[0168] The present invention is applicable to any types
of receivers each of which is able to perform communi-
cation using a plurality of radio bands, wherein it is pos-
sible to reduce an increase of the circuit scale irrespective
of the increasing number of radio frequency bands.

REFERENCE SIGNS LIST

[0169]

100 receiver
10 local signal generator
20 power phase adjuster
30 frequency converter
50 variable gain amplifier
60 analog/digital converter
70 signal processor
80 controller

Claims

1. A receiver that performs frequency conversion on a
plurality of radio frequencies signals, said receiver
comprising:

a local signal generator (10) that supplies a plu-
rality of local signals in parallel;
an adjuster (20) that adjusts the plurality of local
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signals in terms of power or relative phases;
a frequency converter (30) that concurrently per-
forms frequency conversion on the plurality of
radio frequency signals by use of the plurality of
local signals so as to sort the plurality of radio
frequency signals in a low frequency range with
narrow intervals therebetween,
said receiver further comprising
a signal processor (70) that detects power for
each radio frequency signal subjected to the fre-
quency conversion; and
a controller (80) which reduces a power differ-
ence between the radio frequency signals in re-
sponse to the detected power and which adjusts
the local signals with respect to at least one of
an attenuation value, a frequency, or a relative
phase difference, thus allocating the plurality of
radio frequency signals in a low frequency range
with narrow intervals therebetween and
matched power level.

2. The receiver according to claim 1, wherein the fre-
quency converter (30) converts the frequencies of
signals, included in a frequency range correspond-
ing to at least one of a low side band, LSB, or an
upper side band, USB, of each local signal, in re-
sponse to a relative phase difference between the
local signals.

3. The receiver according to claim 1 or 2, wherein the
frequency converter (30) performs the frequency
conversion based on the plurality of local signals
while performing image suppression or separately
outputting the low side band or the upper side band.

4. The receiver according to any one of claims 1 to 3,
wherein the adjuster (20) generates and supplies a
pair of local signals with a perpendicular phase dif-
ference therebetween based on the local signals.

5. The receiver according to any one of claims 1 to 4,
wherein the adjuster (20) further includes a relative
phase difference setting part that switches over a
relative phase difference between the local signals
with a perpendicular phase difference therebetween.

6. The receiver according to any one of claims 1 to 5,
wherein the frequency converter converts (30) the
frequencies of signals, included in a frequency range
corresponding to at least one of a low side band,
LSB, or an upper side band, USB, of each local sig-
nal, in response to the frequencies of the local sig-
nals.

7. The receiver according to any one of claims 1 to 6,
wherein the local signal generator (10) further in-
cludes a direct digital synthesizer (12) supplying the
local signals.

8. The receiver according to claim 1, wherein the signal
processor (70) transmits the frequency converted
signal, subjected to frequency conversion with the
frequency converter, via a transmission means
which is arranged in a different place from the fre-
quency converter.

Patentansprüche

1. Empfänger, der Frequenzwandlung auf einer Mehr-
zahl von Funkfrequenzsignalen ausführt, wobei der
Empfänger umfasst:

einen lokalen Signalgenerator (10), der eine
Mehrzahl von lokalen Signalen nebeneinander
bereitstellt;
einen Einsteller (20), der die Mehrzahl von lo-
kalen Signalen hinsichtlich Leistung oder relati-
ver Phasen einstellt;
einen Frequenzwandler (30), der nebenläufig
Frequenzwandlung auf der Mehrzahl von Funk-
frequenzsignalen unter Verwendung der Mehr-
zahl von lokalen Signalen derart ausführt, dass
die Mehrzahl von Funkfrequenzsignalen in ei-
nem Niederfrequenzbereich mit schmalen Inter-
vallen dazwischen geordnet sind;
und der Empfänger ferner umfasst:

einen Signalprozessor (70), der Leistung für
jedes Funkfrequenzsignal, welches der
Frequenzwandlung unterliegt, erfasst; und
eine Steuerung (80), die einen Leistungs-
unterschied zwischen den Funkfrequenzsi-
gnalen in Antwort auf die erfasste Leistung
reduziert und die die lokalen Signale in Be-
zug auf zumindest einen von einem Dämp-
fungswert, einer Frequenz oder einem re-
lativer Phasenunterschied einstellt, folglich
die Mehrzahl von Funkfrequenzsignalen in
einem Niederfrequenzbereich mit schma-
len Intervallen dazwischen und angepass-
tem Leistungsniveau zuteilt.

2. Empfänger nach Anspruch 1, wobei der Fre-
quenzwandler (30) die Frequenzen von Signalen,
die in einem Frequenzbereich enthalten sind, der zu-
mindest einem unteren Seitenband LSB und/oder
einem oberen Seitenband USB von jedem lokalen
Signal entspricht, in Antwort auf einen relativen Pha-
senunterschied zwischen den lokalen Signalen wan-
delt.

3. Empfänger nach Anspruch 1 oder 2, wobei der Fre-
quenzwandler (30) die Frequenzwandlung basie-
rend auf der Mehrzahl von lokalen Signalen während
des Ausführens von Bildunterdrückung mit schma-
len Intervallen dazwischen ausführt.

21 22 



EP 2 525 500 B1

13

5

10

15

20

25

30

35

40

45

50

55

4. Empfänger nach einem der Ansprüche 1 bis 3, wobei
der Einsteller (20) ein Paar von lokalen Signalen mit
einem senkrechten Phasenunterschied dazwischen
erzeugt und bereitstellt basierend auf den lokalen
Signal.

5. Empfänger nach einem der Ansprüche 1 bis 4, wobei
der Einsteller (20) ferner einen Teil zum Setzen eines
relativen Phasenunterschieds enthält, der über ei-
nen relativen Phasenunterschied zwischen den lo-
kalen Signalen mit einem senkrechten Phasenun-
terschied dazwischen umschaltet.

6. Empfänger nach einem der Ansprüche 1 bis 5, wobei
der Frequenzwandler (30) die Frequenzen von Sig-
nalen, die in einem Frequenzbereich enthalten sind,
der einem unteren Seitenband LSB und/oder einem
oberen Seitenband USB von jedem lokalen Signal
entspricht, in Antwort auf die Frequenzen der lokalen
Signale wandelt.

7. Empfänger nach einem der Ansprüche 1 bis 6, wobei
der lokale Signalgenerator (10) ferner einen direkten
digitalen Synthesizer (12) enthält, der die lokalen Si-
gnale bereitstellt.

8. Empfänger nach Anspruch 1, wobei der Signalpro-
zessor (70) das frequenz-gewandelte Signal, das
Frequenzwandlung mit dem Frequenzwandler un-
terworfen ist, über eine Sendevorrichtung, die an ei-
nem anderen Ort als der Frequenzwandler angeord-
net ist, sendet.

Revendications

1. Récepteur qui effectue une conversion de fréquence
sur une pluralité de signaux de fréquences radio,
ledit récepteur comprenant :

un générateur de signal local (10) qui fournit une
pluralité de signaux locaux en parallèle ;
un ajusteur (20) qui ajuste la pluralité de signaux
locaux en termes de puissance ou de phases
relatives ;
un convertisseur de fréquence (30) qui effectue
simultanément une conversion de fréquence sur
la pluralité de signaux de fréquence radio à l’aide
de la pluralité de signaux locaux afin de trier la
pluralité de signaux de fréquence radio dans une
gamme de basses fréquences avec des inter-
valles étroits entre eux ;
ledit récepteur comprenant en outre :

un processeur de signal (70) qui détecte la
puissance pour chaque signal de fréquence
radio soumis à la conversion de fréquence ;
et

un dispositif de commande (80) qui réduit
une différence de puissance entre les si-
gnaux de fréquence radio en réponse à la
puissance détectée et qui ajuste les signaux
locaux par rapport à au moins une d’une
valeur d’atténuation, d’une fréquence ou
d’une différence de phase relative, allouant
ainsi la pluralité de signaux de fréquence
radio dans une gamme de basses fréquen-
ces avec des intervalles étroits entre eux et
un niveau de puissance adapté.

2. Récepteur selon la revendication 1, dans lequel le
convertisseur de fréquence (30) convertit les fré-
quences de signaux, comprises dans une gamme
de fréquences correspondant à au moins une d’une
bande latérale basse, LSB, ou d’une bande latérale
supérieure, USB, de chaque signal local, en réponse
à une différence de phase relative entre les signaux
locaux.

3. Récepteur selon la revendication 1 ou 2, dans lequel
le convertisseur de fréquence (30) effectue la con-
version de fréquence sur la base de la pluralité de
signaux locaux tout en effectuant une suppression
d’image ou sortant séparément la bande latérale
basse ou la bande latérale supérieure.

4. Récepteur selon l’une quelconque des revendica-
tions 1 à 3, dans lequel l’ajusteur (20) génère et four-
nit une paire de signaux locaux avec une différence
de phase perpendiculaire entre eux sur la base des
signaux locaux.

5. Récepteur selon l’une quelconque des revendica-
tions 1 à 4, dans lequel l’ajusteur (20) comprend en
outre une partie de réglage de différence de phase
relative qui commute une différence de phase rela-
tive entre les signaux locaux avec une différence de
phase perpendiculaire entre eux.

6. Récepteur selon l’une quelconque des revendica-
tions 1 à 5, dans lequel le convertisseur de fréquence
(30) convertit les fréquences de signaux, comprises
dans une gamme de fréquences correspondant à au
moins une d’une bande latérale basse, LSB, ou
d’une bande latérale supérieure, USB, de chaque
signal local, en réponse aux fréquences des signaux
locaux.

7. Récepteur selon l’une quelconque des revendica-
tions 1 à 6, dans lequel le générateur de signal local
(10) comprend en outre un synthétiseur numérique
direct (12) fournissant les signaux locaux.

8. Récepteur selon la revendication 1, dans lequel le
processeur de signal (70) émet le signal à fréquence
convertie, soumis à une conversion de fréquence
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avec le convertisseur de fréquence, via un moyen
d’émission qui est agencé à un endroit différent du
convertisseur de fréquence.
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