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_ABSTRACT OF THE DISCLOSURE

This inventilion includes a wireless transmitter c':ompri,si_ng an
IF-signal generator that modulates input signals into those of an
intermediate frequency band, signal distributors that distribUte
signals from thé IF-signal generator, and a plurality of
signal-transmission units that convert the signals .d:l.stribut‘ed by
the signal distributors into those of a radio frequency band, and
then transmit the converted radio signals.'The invenfion also
includes a wlreless receiver that receives the
radilo-frequency-band modulated signals and'restores'the_signals
of the intermediaﬁe frequency band. In this way, effective
diversity is reallized and signal inferruptions are prevented. Ih
addition, a handy, low-cost wireless'communications systémﬁis

provided.
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WIRELESS COMMUNICATIONS SYSTEM, WIRELESS TRANSMITTER, AND

WIRELESS RECEIVER

BACKGROUND OF THE INVENTION

it Sl g bl i, Sl -

[Field of the Invention]

The invention relates to a communications system used for
wireless communications and, more specifically, to a technique for
realizing high-performance wireless communications using a

plurality of receivers or transmitters.

[Description of the Related Art]

With the recent increase in demand for wireless
communications represented by computer communications, there is
a growing need for technology that cén transmit broadband digital
signals and analog signals while maintaining high signai quality.
As a result, some frequency bands, particularly those higher than
the SHF band, have come into use due to their wide bandwidth aﬁd
the shortage of available frequencies in the microwave band. These
bands are now being used in, for example,'millimeter~wave-based
video image mulitiplex transmission systems, wireless LAN, wireless
home-1ink, and wireless road-vehicle (or wvehicle-vehicle)
communications systems.

In many wireless communications systems using high radio
frequencies, the transmitter generates modulated signals in an
intermediate frequency band, multiplexes two or more channels, and
then converts (upconverts) the modulated signals into those of a

predetermined radio frequency band using a local oscillation
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source. The receiver, in turn, converts (downconverts) the
received signals of a radio freguency band into ?hose of the
intermediate frequency band using a local oscillation source, and
then ektracts the channels angd demodulates the modﬁlated‘ signalis.

During this process of signal exchange, the loca\l oscilllation
sources used in the transmitter and the receiver must be
synchronized with each other. If there are time-varying
fluctuations in frequency and signal phase between the empioyed
oscillation sources, the fluctuations overlap the modulatéd
signals that have been downconverted, and degrade £he quaiity of
demodulated signals.

Thus, both the transmitter and receivef require a local
oscill\ation source with high frequency-stability. It is, however,
technicallf difficult to realize a .‘Loc'al. oscillator that provides
high fregquency-~stability even at high frequencies. Even if such
an oscillator becomes available, its manufacturing cost will be
' very high, and the wireless communications system employing such
an oscillator will be exXpensive as a result.

Furthermore, because a wireless communications system using
a hlgh-frequency band such as the millimeter-wave band xﬁust receive
direct signals, the path of radio waves is often blocked by
obstacles such as humans, making it difficult to carry out stable
wireless communication.

To solve such problems, the applicant of this invention has
dis¢losed a self-heterodyne-type wireless communications\system
in Japanese Patent Kokai publication No.2001-53640. In this

disclosure, the signals for transmission are converted by a local
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oscillation signal from those of an intermediafe frequency band
into those of.a'radio frequency band, and the local oscillation
signal and modulated radio-frequency-band signals are transmitted
together wirelessly. Upon signal reception, the oscillatibn signal
and modulated signals are mixed to restore the signals_of the
intermediate Ifrequency band. .

Such a self-heterodyne-type system having a receiver with é
éimple structure can transmit signals of high quaiityand reduce
the cosgst ¢of wireless communications systems.

To solve the signal-blocking problem, it is effective to
adopt a diversity technique employing a plurality of independent
transmitters or receivers. However, the prio:-art étructure
involves some problems when 1t is used in the millimeter-wave band
and its vicinity.

Speclifically, according to a prior—art technique known as
‘;switching diversity,” in which signals are transmitted or-
received by switching transmitters or receivers, swifching noise
is generated by the switching operation dur;ng the transmission
or the reception of signals such as video i1mages. Furthérmore, if
there is a large frequency offset upon switching, it is difficult
for the democdulator circuit to quickly respond to such an offset,
and thus 1t is also difficult to mainfain stable wireless
communication.

In addition, according to a technique known as “combining

diversity, in which a plurality of independent signals for
transmission/reception are combined in-phase, 1t is difficult to

prevent the occurrence of frequency differences between the
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| Lndependent oscillators, and it is also difficult to synchronize

signal phases during signal combining due to independent phase

fluctuations (phase noise).

SUMMARY OF THE INVENTION

One aspect of the invention is to provide a handy, 'low-cost
wireless communications system that can realize effective
diversity and prevent signal blocking, even in cases in which
high-frequency bands such as the millimeter-wave band are used.
To solve the conventional problems, the present wireless

communications system has the following features.

According to one aspect of the present invention there 1s
provided a self-heterodyne-type wireless diversity
communications system, comprising a wilreless millimeter-wave
band transmitter for mobile communications 1in a multicell, the
wireless millimeter-wave band transmitter modulating
intermediate-frequency signals to modulated radio-frequency
signals using a local oscillation signal, and wirelessly
transmitting the local oscillation signal and the modulated
radio-frequency signals; and a wireless millimeter-wave band
receiver for the mobile communications 1in the multicell, the
wireless millimeter-wave band recelver demodulating the
modulated radio-frequency signals received along with the
1ocal oscillation signal into demodulated intermediate-
frequency signals applying a multiplicative element produced
by multiplying the local oscillation signal and the modulated
radio-frequency signals, the wireless millimeter-wave band
transmitter further including an intermediate-frequency-band

modulator that modulates signals to Dbe transmitted into the

1
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intermediate-frequency signals; a signal distributor that
distributes the intermediate-frequency signals to a plurality
of mixers; a plurality of signal-transmission units that
modulates the distributed intermediate-frequency signals into
the modulated radio-frequency signals; wherein the plurality
of mixers mix the distributed intermediate-frequency signals
and the local oscillation signal.

According to a further aspect of the present invention
there 1s provided a self-heterodyneftype wlreless diversity

communications system, comprising a wireless millimeter-waved

band transmitter for mobile communications in a multicell, the
wireless millimeter-wave band transmitter modulating signals
of an i1ntermediate-frequency band to those of a radio-
frequency band using a local oscillation signal, and
wlrelessly transmits the local oscillation signal and the
modulated radio-frequency signals; and a wireless millimeter-
wave band receiver for the mobile communications in the

muiticell, the wireless millimeter-wave band receiver

demodulating the received modulated radio-frequency signals
into intermediate-frequency signals applying a multiplicative
element produced by multiplying the received local oscillation
signal and the received modulated radio-freqguency signals, the
mlllimeter-wave band wireless receiver further including a
plurality of signal-reception units that receive the modulated
radio-frequency signals along with the local oscillation
signal via respective reception antennas; a plurality of
signal adjustors that either offset phase or control power of

the received modulated intermediate-frequency signals; signal

synthesizers that synthesize the received modulated

4a
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intermediate-frequency signals from the plurality of signal
adjustors; and an intermediate-frequency demodulator that

demodulates the synthesized modulated intermediate-frequency

signals.

The present invention adopts a self-heterodyne mechanism
that converts signals for the transmission of an intermediate
frequency band to those of a radio frequency band using a local
oscillation signal, and wirelessly transmits the local oscillation
signal and the converted radio-frequency-band signals
simultaneously, while restoring the intermediate-frequency band
signals upon signal reception by producing the multiplicative
element of the local oscillation signal and the received
radio-frequency-band signals.

This wireless communications system has a wireless

transmitter equipped with a plurality of antennas and transmission

mechanisms, and a wireless receiver equipped with at least one
antenna and one reception mechanism, to achieve diversity in signal
transmission.

The above wireless transmitter comprises at least an

intermediate-frequency-bandqmodulator'that:modulates the signals

4b
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for transmission into those of an ihtermediate frequency band,
signal distributors that distribute the slignals frbm said
intermediate-frequency*band modulator, and a plurality of
signal-transmission units that convert the sighals distributed by
the signal distributors into those of a radilio ffequency band and
then transmit the converted radio-frequency-band signais.

Meanwhile, 11 1s not necessary fo_r the wireless rec\eiver, to
have a local oscillator that generates local osciilation signals.
The receiver recéives radio-freguency-band modulated signals and
a local oscillation signal and restores the signals'of the
intermediate frequency band by mixing them.

This invention may comprise a wireless transmitter equipped
with at least one.anténna and one transmission méchanism. and a
wireless receiver equipped with a plurality of antennas and
reception mechanisms for realizing diversity in signal reception.

The wireless transmitter converts the signals for
transmission into those of an intermediate fregquency band. and then
wirelessly transmits sald converted signals, while the-wireléss‘
recelver comprises at least a pluralilty of signal-reception units
that reqeiv‘e the converted radio-frequency-baﬁd signals'uSing thé
respective reception antennas, signal.adjustors that aré each
installed 1n the individual signal-reception units and provide
either phase offset or power control to the recelved signals,
signal synthesizers that synthesize the signals from the signal
adijustors, and an intermediate-frequency-band demodulator that

demodulates said synthesized intermediate-~frequency-band

nodulated signals.
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This invention can also provide a wireless transmitter or a
~wiréless receiver that can be used 1in wireless communicafions
systems.

Such a wireless transmitter comprises an
intermediate-fregquency-band modulator that modulates the signals
for transmission into those 6f an intermediate frequency bahd,
signal distributors thaf distribute the signals from the
ihterﬁediate-ffequency-band modulator, and a plurality of
signal-transmission units that transmit the sigﬁals dlstributed
by the signal distributors in a radio frequency band.

In particular, each signal-transmission unit has a local
_osdillating means, a multiplexing means for prodﬁcing tﬁe
multiplicative element of the local oscillation,signél of said
local oscillating means and the signals forx transmission. a
bandpass filtering means, an amplifying means, and a transmission
antenna; and a plurality of such transmission units are installed
in the transmitter.

Such a wireless receiver comprises a plurality of
signal-reception units that receive radio signals of a radio
frequency band, signal adijustors that are eaéh installed in the
individual signal-reception units and provide either phase offset
or power control for the received signals, signal synthesizers that
synthesize the signals from the signal adjustors, and an
intermediate-frequency-band demodulator that demodulates saild
synthesized intermediate-frequency-band modulated signals.

In the wireless system according to this invention, there is

no frequency offset or phase noise resulting from a plurality of
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independent osciilators to the restored signals for demodulation
in receilvers, because the synthetic diversity can be pe.:fbrméd in
a completely coherent manner among several receivérs. Thus,'evén
when the receiver has moved, the handbff can be carried out

seamlessly.

In addition, because the wireless receiver has a plurality
of reception units, even when a few signals are blocked, there is
no iInstantaneous interruption in signal reception, and.thus

seamless diversity can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating the structure df a
self-heterodyne-type transmitter according to the presént
invention.

FIG. 2 is a diagram illustrating the structure of a
self«»heterodyne-typé receiver according to the present invention.

FIGS. 3a through 3e are examples of the upconverter of the

transmlitter.

FIGS. 4a through 4c are examples of the downconverter of the

transmitter.

FIG. 5 is a diagram illustrating the reception diversity
according to the present invention. .

FIG. 6 is a diagram illustrating the transmission diversity

according to the present invention.

Throughout the figures, 30 is a wireless communications

system, 31 a wireless transmitter, 32 a wireless receiver, 33 an
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input signal, 34 an IF-signal generator, 35 a millimeter«wave

transmission unit, 36 a mixer, 37 a local oscillator, 38 a bandpass

filter, 39 an amplifier, 40 a transmission antenna, 41 a
millimeter-wave reception unit, 42 a ﬁillimeter-ane réception'
‘:unit, 43 a millimeter-wave reception unit, 44 an adder, 45 an
IF~-signal demodulator, 46 an output.signal, 47 a redeption antenna,
48 an amplifier, 49 a bandpass filter, 50 a

mixer/square-law-detector, and 51 a signal adjustor.

DESCRIPTION OF THE PREFERRD EMBODIMENT

The preferred embodiments of the invention will be described

with reference to the accompanying drawings.

FIGS. 1 and 2 are diagrams illustrating the structures of the
transmitter and the receiver, respectively, used in the

self-heterodyne-type wireless communications system of the

invention.

In principle, the self-heterodyne-type transmitter (1) has

the function of transmitting signals (one of the signal sets (16),

(16') and (16" ")) in which the RF-band signals (16a), (16c) that

have been converted from the input IF-band signal (15) are
multiplexed with the non-modulated carrier (1§b) that will be

necessary for downconverting in the receiver.

The major COnstituting elements of the transmitter are an

antenna (14) and frequency-converter circuits (upconverters)

(11)(12)...{(13), and these upconverters have one of the structures

shown in FIGS. 3a-3e.

In the converter of the structure shown in FIG. 3a, the input
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signal and the signal from a local oscillator (101) enfer a mixer
(102). A bandpass filter (103) remo{re.s the ldcal oscillatibn signal
element and image element, and an amplifier (104) amplifies the
signéls for output. Otherwise, the mixer (102) may have a
double-balanced mixer structure in order to suppress both the
1local-pscillation—signal element and the_image\elemént at the
mixer output, without relying on the bandﬁass filter (103).

| In the converter of the structure shown in FIG. 3b, ‘the input
signal and the signal from the local oscillator (101) entér tﬁé
mixer (102). The bandpass filter (108) removes'only the image
element, and the localwoscillation~Signal'element is rémaining
with the upconverted signal for output. Otherwise, the mi}ﬁer (102)
may have the double-balanced structure.ip order to suppress both
the local oscillation signal element and the image element at the
mixer output not relying on the bandpass filter (103).

In the converter of the structure shbwn in FIG. 3c, the
local-oscillation-signal element and the image element are
suppressed in the same manner as ih FI1IG. 3a. This convefter is an
upconverter that will add a signal that has been branched in advance
from the oﬁtput'of the local oscillator (101).

FIG. 34 is. an example of a double-side-band-type upconverter
that does not suppress either the image element or thé |
local-oscillation-signal element. .

In FIG. 3e, the mixer (102) has a balanced mixer structure;
otherwise, the local-oscillation-signal element is suppressed by
the bandpass filter (103) at least oncé. This is a

double-side-band-type upconverter that will add a signal branched
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in advance from the output of the local oscillator (101).

In FIG. 1, the transmitter (1) comprises at least'one
upconvérter of (11)(12)...(13) and a transmission ahtenna (14).
If it has only one upconverter, the‘upconvertér adopts one of the
structures shown 1in FIGS. 3b-3e. .

If it has two or more upconverters, one of them.haé one of
the structures shown in FIGS. 3b-3e, and the others have the
structure shown in FIG. 3a.

Meanwhile, in principle, the self-heterodyne-type receiver
(2) converts (downconverts) the signal frequency to a desired
inteme@liate ffequency band (26) by generating the multiplicative
- elements of the RF-band modulated signals (25a), (25c) recelved
by the antenna (24), and the non-modulated carrier (25b)
multiplexed thérein..The maijor constituting members of the
receiver (2) aré the reception antenna (24) and downconverters
(21)(22)...(23), .and the downconverters have one of the structures
shown in FIGS. 4a-4c.

In the converter of the structure shown in FIG. 4a, the
amplifier (106) amplifies the input signal, and the bandpass filter
(107) removes unnecessary signal elements. Downconverting is then
achleved by transmitting the filtered signal and the signal from
the local oscillator (108) to the mixer (109). .

In the converter of the structure shown in FIG. 4b, the

amplifier (106) amplifies the input signal and the bandpass filter
(107) removes unnecessary signal elements, and a
square-law-detector (111) completes the downconverting.

In the converter of the structure shown in FIG. 4c, the

10 . -
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amplifier (106) amplifies the input signal, and part of the
amplified signal is branched off. The branched signal is further
processed by an amplifier (112), a bandpass filter (113),sand an
injecition locking osciliator or a éingle~que synchronized
amplifier (114) to restore only thé non-modulated signal element.
The restoréd signals are transmitted to the‘mixer‘(109) in order
to complete downconverting.

In FIG. 2, the recelver (2) has a reception antenna (24) and
at ieast one downconverter (21){(22)...(23). If the réceiver has
only one downconverter, the downconverter has eithgr of the
structures shown in FIGS. 4b, 4c.

If two ox niore downconverters are used, one of them has eithér
of the Strﬁctures shown in FIGS. 4b, 4c, and the others have the
structure shown iﬁ FIG. 4a. -

.The present invention emploving the above;described
self-heterodyne-type wireless communications system improves the
performance of communications using high-frequency'bands that are
expected to be.a future frequency source, such as the
millimeter-wave band.

Specifically, the invention provides a.wireless
communications system for realizing combining diversityvy,
primarily using the above wireless transmitter (2) and the w:@.reless
receiver {(3).

FIG. 5 shows a wireless communications.system employing
diversity for signal reception, while FIG. & shows a wiréless
communications system employing diversity for signal transmission.

They are described individually below.

11
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The wireless communications system (30) shown 1in FiG; 5
comprises a wireless transmitter (31) and a wireless rece:l.v‘er‘ (32).
This system modulates the input signal (33) in an iF-signal
generator (34) to produce IF-band modulatéd signals.

The IF-band modulated signals are sent to a milliméterewave
transmission unit (35), and are then sent out wirelessly at a
millimeter-wave frequenqy,lsuch as 60 GHz. The milliméterwwaﬁe
tranémission unit (35) is eqguipped with a mixer (36),qa local
oscillator (37), a bandpass filter (38), an‘amplifier (35) and a
tfansmission antenna (40). The mixexr (36) pi‘ovides signals in which
the non—'modulated carrier is multiplexXed with the radio-frequency
modulated signal and it is not rejected in the following
band-pass-filter (38), which is one of the features of the
self-heterodyne-type system.

Meanwhile, the wireless receiver (32) has a plurality of
‘millimeter-wave reception units (41)(42)(43);: and the restored IF
band signals are combinad in adders (44) and demodulated in an IF
demodulator (45) to be converted to an output signal (46).

'Each of the millimeter-wave reception units (41)(42)(43) has
a reception antenna (47), an amplifier (48), a bandpass filter (49),
and a mu;tiplexer (50}. '

There may be non-time-variant offset in phase and power in
the IF-band modulated signals received by a plurality of
millimeter-wave reception units (41)(42)(43). The IF-band
modulated signal obtained in one of the reception units, such as
the unit (41), can then be used to provide appraopriate phalse—offset

and power adjustment to the IF-band modulated signals receiwved in

12
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the other millimeter-wave reception units (42)(43). Thus, the
present invention installs signal adjustors (51) and combines the
adjusted signals using adders (44).

A;cbrdiﬁg to the above configufation, the non~modu1ated
carrier generated in one local oscillator (37) of the
millimeter-wave transmission unit is used to provide thé IF-band
modulated signals to the individual miilimeter-wave redeption
units. Thus.-thé converter system is not affected by frequency
offset or phase noise generated when a plurality bf independent
local oscillators are installed in the re‘sbect:i.—ve rﬁillimete:—wave.
'feception'units.

The IF signals sent from an originating site can‘then be
restored and synthesized in a completely coherent manner, and a
diversity effect can be attained by a handy, low-cost system.

Becéuse combining diversity can be realized, if either
party’'s signal path is blocked by an obstacle in a millimeter-wave
iink, there 1s no lnstantaneous ihterruption in communication
signals, and seamless diversity can be realized;

Next, the wireless communications system (60) shown in FIG.
6, which realizes diversity in transmission, will be described.
This system (60) comprises a wireless transmitter (61) and a
wireless receiver (62). The input signal (63) is modulated in an
IF-signal generator (78) to provide IF-band modulated signals.

The IF-modulated signals are distributed tq_a plurality of

millimeter-wave transmission units (65) by signal distributors

(64).

The millimeter-wave transmission units (65) send signals

13
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wirelessly at a millimeter-wave fregquency, such as 60 GHzZ. The
milliméter-wave transmission unit (65)\ has a mixe:_r: '(66) , a local
oscillator (67). a bandpass filter‘(68), an amplifier (69), and
a transmission antenna (70). The mixer (66) mixes the IF-band
modulated signél with the local oscillation signél and both of the
obtained radio-frequency-band mddulated signals and the local
osclllation signal are transmitted froﬁ,the antenna (70).~which
is one of the features of the éelf~heterodYne s?stem. ‘ .
Meanwhile, the wireless receiver (62) receivés signals in a
millimeter-wave reception unit (71), down-converts the signals in
an RF-band sigﬁals into those of an IF band, and provides\an ocoutput
signal (73) by demodulating the IF band signal us'ing‘ IF demodulator
(72). - . .
The millimeter-wave reception unit (71) is eqﬁipped with a

reception antenna (74), an amplifier (75), a bandpass filter (76),

and a mixexr (77).

The above configuration of the self-heterodyne type'is not
‘affected.by the frequency-offset or phase hoise generat§d when a
plurality of independent oscillators are installed in the
transmitter Or receiver. Furthermore, IF signals qah be

distributed and synthesized in a completely coherent manner in the

wireless receiver.

Although the millimeter-wave transmission unit (35) in FIG.
5 adopts the configuration shown in FIG. 3b, it can be configured
differently., as desired. In addition, the configuration of the

millimeter-wave reception units (41)(42)(43) is not limited to

that shown in FIG. 4b.

14
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If the self-heterodyne mechanism is adopted, the transmitter
and converter of the present invention can take a variety of
configurations. The inner structures of the individual
transmission and reception units (35)(41)(42)(43) in the
millimeter-wave handling system (52) shown in FIG. 5 are not fixed,

and indeed may take any of the configurations disclosed in Japanese

Patent Kokai publication No.2001-53640.

The self-heterodyne-type wireless communications system

according to an embodiment of the invention can reduce the cost of

the wireless system and simplify the system structure, as well as

provide reception diversity suitable for such a system.

Due to the diversity of signal reception, stable wireless
communication with no instantaneous interruption is ensured in the
millimeter-wave link, even if either party's receiving path is
blocked by an obstacle. Compared with conventional methods of
providing diversity., the present configuration of the invention
can simplify the hardware structure and reduce the overall system

cost.

The self-heterodyne-type wireless communicatlons system
according to an embodiment of the invention is not affected by the
frequency offset or phase noise generated when a plurality of
independent oscillators are installed in the transmitter or
receiver. Further more, IF signals can be distributed and

synthesized in a completely coherent manner in the converter.

In addition, even when the wireless receiver has moved, the
transmission antenna can perform seamless handoff, as there is no

sudden frequency offset. In this way, low-cost transmission

15
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diversity is realized with a simple hardware structure.

The self-heterodyne-type wireless communications systems
according to various embodiments of the invention can reduce the

system cost, realizing a wireless transmitter or converter that

provides diversity during communication.

16
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CLAIMS:

1. A self-heterodyne-type wireless diversity
communications system, comprising a wireless millimeter-
wave band transmitter for mobile communications in a
multicell, the wireless millimeter-wave band transmitter
modulating intermediate-frequency signals to modulated
radio-fregquency signals using a local oscillation signal,
and wirelessly transmitting the local oscillation signal
and the modulated radio-frequency signals; and a wireless
millimeter-wave band receiver for the mobile
communications in the multicell, the wireless millimeter-
wave band receiver demodulating the modulated radio-
frequency signals received along with the local
oscillation signal into demodulated intermediate-
frequency signals applying a multiplicative element
produced by multiplyving the local oscillation signal and
the modulated radio-frequency signals, the wireless
millimeter-wave band transmitter further including:

an intermediate-freguency-band modulator that
modulates signals to be transmitted into the
intermediate-frequency signals;

a signal distributor that distributes the
intermediate-frequency signals to a plurality of mixers;
a plurality of signal-transmission units that
modulates the distributed intermediate-frequency signals

into the modulated radio-frequency signals;
whereln the plurality of mixers mix the distributed
intermediate-frequency signals and the local oscillation

signal.

2 . The self-heterodyne-type wireless diversity
communications system of claim 1, wherein each of the
signal-transmission units includes: local oscillating
means for oscillating the local oscillation signal,
multiplexing means for producing the multiplicative
element, bandpass filtering means, amplifying means, and
a transmission antenna.
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3. A self-heterodyne-type wireless diversity
communications system, comprising:

a wireless millimeter-waved band transmitter for
mobile communications in a multicell, the wireless
millimeter-wave band transmitter modulating signals of an
intermediate-frequency band to those of a radio-frequency
band using a local oscillation signal, and wirelessly
transmits the local oscillation signal and the modulated
radio-frequency signals; and

a wireless millimeter-wave band receiver for the
mobile communications in the multicell, the wireless
nillimeter-wave band receilver demodulating the received
modulated radio-frequency signals into intermediate-
frequency signals applying a multiplicative element
produced by multiplying the received local oscillation
signal and the received modulated radio-fregquency
signals, the millimeter-wave band wireless recelver
further including:

a plurality of signal-reception units that receive
the modulated radio-frequency signals along with the
local oscillation signal via respective reception
antennas;

a plurality of signal adjustors that eilther offset
phase or control power of the received modulated
intermediate-fregquency signals;

signal synthesizers that synthesize the received
modulated intermediate-frequency signals from the
plurality of signal adjustors; and

an i1ntermediate-frequency demodulator that
demodulates the synthesized modulated intermediate-

fregquency signals.
4 . The self-heterodyne-type wireless diversity

communications system of claim 3, wherein each of the

signal-reception units 1includes:

18
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a reception antenna, amplifying means, bandpass
filtering means, and multiplexing means for producing the
multiplicative element.

19
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