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(57) Abstract: A phased array antenna (1) includes: a plurality of antenna
clements (11a to 11d), a plurality of signal paths (R11 and R12) that are
connected to each of the antenna elements; a storage unit (M) configured to
store a set values of at least one of amplitudes or phases of a signal passed
through at least one predefined reference path among the plurality of signal
paths with regard to at least one of the antenna elements, and an amplitude
and phase control unit (22 or 26) configured to control at least one of the
amplitude or the phase of the signal passed through the reference path con-
nected to the antenna element by using the set value stored in the storage
unit, and configured to control amplitude or phase of signal passed through
the signal path other than the reference path.
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[DESCRIPTION]

[TITLE OF INVENTION]
PHASED ARRAY ANTENNA
[Technical Field]

[0001]

The present invention relates to a phased array antenna.
[Background Art]

[0002]

A phased array antenna is an antenna whose beam pattern can be changed
freely by adjusting at least one of the amplitudes or phases (i.e., adjusting
only amplitudes or only phases or both of the amplitudes and the phases) of
signals (transmission signals) fed to a plurality of antenna elements or
signals (reception signals) fed from the plurality of antenna elements. In
recent years, such phased array antennas have been used in various fields
such as automobiles, communications, and others.

[0003]

The following Patent Literature 1 discloses an example of a phased array
antenna in the related art. This phased array antenna includes a plurality of
antenna elements, a plurality of amplitude and phase controllers
corresponding to the plurality of antenna elements, and a memory that
stores set values of amplitudes and phases for the plurality of amplitude
and phase controllers. Then, a required antenna beam pattern is formed by
setting the set values stored in the memory in the amplitude and phase
controller, and adjusting amplitudes and phases of a plurality of signals fed
from the plurality of antenna elements.

[Citation List]

[Patent Literature]
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[0004]

[Patent Literature 1]

Japanese Unexamined Patent Application, First Publication No. 2019-
212947

[Summary of Invention]

[Technical Problem]

[0005]

The phased array antenna in the related art adjusts the amplitudes and the
phases of the plurality of signals fed from the plurality of antenna elements
with reference to the set values stored in the memory, as described above.
Therefore, there is a problem in that a large amount of memory is required
as the number of antenna beam patterns, the number of antenna elements,
and the number of transmissions and receptions and polarizations increase.
[0006]

For example, when there are eight antenna beam patterns, four antenna
elements, and two transmissions and receptions (i.c., one transmission and
one reception), the amount of memory required is 64 words (obtained by
multiplying these elements, i.e., 8 X 4 x 2). In addition, when transmitting
and receiving signals of vertical (V) polarization and horizontal (H)
polarization, 128 words (obtained by further multiplying the number of
polarizations by two) are required. One word is a set value of an amplitude
and a phase set in one amplitude and phase controller.

[0007]

The present invention has been made in view of the above circumstances,
and an object thereof is to provide a phased array antenna capable of
reducing the amount of memory required to form a desired antenna beam

pattern.
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[Solution to Problem]
[0008]

According to an aspect of the present invention, a phased array antenna is
provided including: a plurality of antenna elements; a plurality of signal
paths that are connected to each of the antenna elements; a storage unit
configured to store a set values of at least one of amplitudes or phases of a
signal passed through at least one predefined reference path among the
plurality of signal paths with regard to at least one of the antenna elements,
the set value for at least one of antenna beam patterns to be set; and an
amplitude and phase control unit configured to control at least one of the
amplitude or the phase of the signal passed through the reference path
connected to the antenna element that the set value thereof is stored in the
storage unit, by using the set value stored in the storage unit, and
configured to control amplitude or phase of signal passed through the
signal path other than the reference path connected to the antenna element,
by using the set value stored in the storage unit.

[0009]

In the phased array antenna according to the above aspect, for at least one
of the antenna elements that are connected to the plurality of signal paths,
the set value of at least one of the amplitude or phase of the signal passed
through at least one predefined reference path among the plurality of signal
paths for at least one of antenna beam patterns to be set, are stored in the
storage unit.

Then, for the antenna element that the set value thereof is stored in the
storage unit, at least one of the amplitude or the phase of the signals passed
through the reference path and also the signal paths other than the reference

path are controlled by using the set value stored in the storage unit.
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As described above, in the phased array antenna according to the above
aspect, for the antenna element that the set value thereof is stored in the
storage unit, since it is sufficient to store the set value related to the
reference path in the storage unit, and it is not necessary to store the set
value of the signal path other than the reference path in the storage unit, the
amount of memory required to form the desired antenna beam patterns can
be reduced.

[0010]

The storage unit may be configured to store the set values for all of the
antenna elements.
[0011]

In the phased array antenna according to the above aspect, the storage unit
may further store an inter-path error between the reference path and the
signal path other than the reference path, and the amplitude and phase
control unit may control at least one of the amplitude or the phase of the
signal passed through the signal path other than the reference path, by using
a corrected set value obtained by correcting the set value stored in the
storage unit by the inter-path error.

[0012]

In the phased array antenna according to the above aspect, the storage unit
may store a plurality of the inter-path errors, and the amplitude and phase
control unit may select one of the inter-path errors depending on the
antenna beam patterns to be set.

[0013]

In the phased array antenna according to the above aspect, the plurality of

signal paths may include transmission signal paths through which a

plurality of transmission signals transmitted from each of the antenna
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elements are passed, and reception signal paths through which a plurality of
reception signals received by each of the antenna elements are passed.
[0014]

In the phased array antenna according to the above aspect, the plurality of
signal paths may include a first transmission signal path through which
transmission signal, which is transmitted as a signal in a first polarization
state from each of the antenna elements, is passed, a first reception signal
path through which a reception signal, which is obtained by receiving the
signal in the first polarization state by cach of the antenna elements, is
passed, a second transmission signal path through which a transmission
signal, which is transmitted as a signal in a second polarization state from
each of the antenna elements, is passed, and a second reception signal path
through which a reception signal, which is obtained by receiving the
signals in the second polarization state by each of the antenna elements, is
passed.

[0015]

The phased array antenna according to the above aspect may further
include a switching unit configured to sequentially switch the signal paths.
[0016]

In the phased array antenna according to the above aspect, the set values
may be provided as many as the number of the antenna beam patterns to be
set.

[0017]
In the phased array antenna according to the above aspect, the set values

may be provided only for part of the antenna beam patterns to be set.

[0018]
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According to another aspect of the present invention, a phased array
antenna is provided including: a plurality of antenna elements; a first
transmission signal path through which a transmission signal, which is
transmitted as a signal in a first polarization state from each of the antenna
elements, is passed; a first reception signal path through which a reception
signal, which is obtained by receiving the signal in the first polarization
state by each of the antenna clements, is passed; a second transmission
signal path through which a transmission signal, which is transmitted as a
signal in a second polarization state from each of the antenna elements, is
passed; a second reception signal path through which a reception signal,
which is obtained by receiving the signal in the second polarization state by
each of the antenna elements, is passed; a storage unit configured to store a
first set value and a second set value for all of the antenna beam patterns to
be set with regard to all of the antenna elements, the first set value being a
set value of at least one of an amplitude or a phase of any one of the
transmission signal passed through the first transmission signal path and
the reception signal passed through the first reception signal path, the
second set value being a set value of at least one of an amplitude or a phase
of any one of the transmission signal passed through the second
transmission signal path and the reception signal passed through the second
reception signal path; and an amplitude and phase control unit configured
to control at least one of the amplitudes or the phases of the transmission
signal passed through the first transmission signal path and the reception
signal passed through the first reception signal path, by using the first set
value stored in the storage unit, and configured to control at least one of the
amplitudes or the phases of the transmission signal passed through the

second transmission signal path and the reception signal passed through the
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second reception signal path, by using the second set value stored in the
storage unit.

[Advantageous Effects of Invention]

[0019]

According to one or more aspects of the present invention, the amount of
memory required to form the desired antenna beam patterns can be
reduced.

[Brief Description of Drawings]
[0020]

Fig. 1 is a block diagram showing a configuration of a main part of a
phased array antenna according to a first embodiment.

Fig. 2A is a diagram showing an example of the contents of a memory
according to the first embodiment.

Fig. 2B is a diagram describing part of a configuration of a controller
according to the first embodiment.

Fig. 3 is a block diagram showing a configuration of a main part of a
phased array antenna according to a second embodiment.

Fig. 4A is a diagram showing an example of the contents of a memory
according to the second embodiment.

Fig. 4B is a diagram describing part of a configuration of a controller
according to the second embodiment.

Fig. 5A is a diagram showing an example of the contents of a memory
according to a third embodiment.

Fig. 5B is a diagram describing part of a configuration of a controller
according to the third embodiment.

Fig. 6A is a diagram showing an example of the contents of a memory

according to the fourth embodiment.
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Fig. 6B is a diagram describing part of a configuration of a controller
according to the fourth embodiment.

Fig. 7A is a diagram showing an example of the contents of a memory
according to a fifth embodiment.

Fig. 7B is a diagram describing part of a configuration of a controller
according to the fifth embodiment.

Fig. 8A is a diagram showing an example of the contents of a memory
according to a sixth embodiment.

Fig. 8B is a diagram describing part of a configuration of a controller
according to the sixth embodiment.

Fig. 9A is a diagram showing an example of the contents of a memory
according to a seventh embodiment.

Fig. 9B is a diagram showing a selection example of a correction index
according to the seventh embodiment.

Fig. 9C 1s a diagram describing part of a configuration of a controller
according to the seventh embodiment.

Fig. 10A is a diagram showing an example of the contents of a memory
according to an eighth embodiment.

Fig. 10B is a diagram showing a selection example of a correction index
according to the eighth embodiment.

Fig. 10C is a diagram describing part of a configuration of a controller
according to the eighth embodiment.

Fig. 11 is a diagram showing another example of the contents of the
memory.
[Description of Embodiments]

[0021]
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Hereinafter, a phased array antenna according to embodiments of the
present invention will be described in detail with reference to the drawings.
[0022]

[First Embodiment]

Fig. 1 is a block diagram showing a configuration of a main part of a
phased array antenna according to a first embodiment. As shown in Fig. 1,
a phased array antenna 1 of the present embodiment includes antenna
elements 11a to 11d, transmission/reception units 12a to 12d, and a
controller 13, and transmits and receives radio signals by a time division
duplex (TDD) system. The phased array antenna 1 can change an antenna
beam pattern by controlling the controller 13.

[0023]

The phased array antenna 1 transmits and receives radio signals in a
millimeter wave band having a frequency of, for example, about 30 to 300
[GHz]. The radio signal transmitted and received by the phased array
antenna 1 is not limited to the radio signal in the millimeter wave band, and
may be a radio signal other than the millimeter wave band.

[0024]

In the following, the four antenna elements 11a to 11d are collectively
referred to as an antenna element 11, and the four transmission/reception
units 12a to 12d are collectively referred to as a transmission/reception unit
12. Further, the numbers of antenna elements 11 and
transmission/reception units 12 included in the phased array antenna 1 are
not limited to four, and may be three or less, or five or more.

[0025]
The antenna elements 11a to 11d transmit and receive radio signals.

Specifically, the antenna elements 11a to 11d convert transmission signals
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output from the transmission/reception units 12a to 12d into
electromagnetic waves and transmit them, respectively, and also receive
electromagnetic waves transmitted from the outside, convert them into
signals (reception signals), and output them to the transmission/reception
units 12a to 12d, respectively. The antenna elements 11a to 11d are, for
example, arranged in a two-dimensional manner at predefined intervals to
form an array antenna. The antenna clements 11a to 11d may be linear
antennas, planar antennas, microstrip antennas, patch antennas, or other
antennas.

[0026]

The transmission/reception units 12a to 12d are provided corresponding to
the antenna elements 11a to 11d, output transmission signals to the
corresponding antenna elements 11a to 11d, and receive reception signals
output from the corresponding antenna elements 11a to 11d. Further, the
transmission/reception units 12a to 12d are configured to control at least
one of amplitudes or phases (i.e., control amplitudes only, or phases only,
or both of the amplitudes and the phases) of the transmission signals output
to the corresponding antenna elements 11a to 11d, and are configured to
control at least one of amplitudes or phases of the reception signals output
from the corresponding antenna elements 11a to 11d, under the control of
the controller 13. In order to simplify the explanation, it is assumed that
the transmission/reception units 12a to 12d are configured to control both
of the amplitudes and the phases of the transmission signals and the
reception signals hereafter. However, the transmission/reception units 12a
to 12d may be configured to control only amplitudes or only phases of the
transmission signals and the reception signals.

[0027]
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The transmission/reception units 12a to 12d each include a transmitter 21,
an amplitude and phase controller 22 (an amplitude and phase control unit),
an amplifier 23, a switch 24 (a switching unit), an amplifier 25, an
amplitude and phase controller 26 (an amplitude and phase control unit),
and a receiver 27. Since the transmission/reception units 12a to 12d have
the same configuration, the transmission/reception units 12a to 12d will be
described below as the transmission/reception unit 12 without
distinguishing them.

[0028]

The transmitter 21, the amplitude and phase controller 22, and the
amplifier 23 are configured to transmit a radio signal, and are provided in a
signal path R11 (a transmission signal path) through which the
transmission signal is passed. The amplifier 25, the amplitude and phase
controller 26, and the receiver 27 are configured to receive the radio signal,
and are provided in a signal path R12 (a reception signal path) through
which the reception signal is passed.

[0029]

The switch 24 switches between connecting the signal path R11 and
connecting the signal path R12 to the antenna element 11 at required time
intervals. That is, the switch 24 sequentially switches the signal path to be
connected to the antenna element 11 among the signal paths R11 and R12
at required time intervals. As described above, in the present embodiment,
one antenna element 11 is shared by the signal paths R11 and R12. When
the switch 24 performs the above-mentioned switching,
transmission/reception of radio signals is realized by the TDD system.

[0030]
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WO 2022/169463 12 PCT/US2021/017016

The transmitter 21 provided in the signal path R11 outputs a transmission
signal to be transmitted to the outside. The amplitude and phase controller
22 includes, for example, a variable gain amplifier and a phase shifter, and
controls an amplitude and a phase of a transmission signal output from the
transmitter 21 (a transmission signal passed through the signal path R11)
under the control of the controller 13. Although the details will be
described later, the amplitude and phase controller 22 controls the
amplitude and the phase of the transmission signal, by using set values
stored in a memory M of the controller 13. The amplifier 23 amplifies the
power of the transmission signal output from the amplitude and phase
controller 22 and outputs the signal to the switch 24.

[0031]

The amplifier 25 provided in the signal path R12 amplifies the reception
signal with low noise output from the antenna element 11 via the switch 24,
and outputs the signal to the amplitude and phase controller 26. The
amplitude and phase controller 26 includes, for example, a variable gain
amplifier and a phase shifter, and controls an amplitude and a phase of a
reception signal output from the amplifier 25 (a reception signal passed
through the signal path R12) under the control of the controller 13.
Although the details will be described later, similarly to the amplitude and
phase controller 22, the amplitude and phase controller 26 controls the
amplitude and the phase of the reception signal, by using set values stored
in the memory M of the controller 13. The receiver 27 performs a
reception process of the reception signal output from the amplitude and
phase controller 26.

[0032]
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The controller 13 outputs a control signal to the amplitude and phase
controllers 22 and 26 provided in each of the transmission/reception units
12a to 12d to form an antenna beam pattern of the phased array antenna 1.
The control signal output from the controller 13 includes a set value that
defines the amplitude and the phase to be controlled by the amplitude and
phase controllers 22 and 26 depending on the antenna beam pattern to be
formed. The controller 13 includes the memory M (the storage unit) that
stores this set value. The controller 13 is composed of, for example, a field
programmable gate array (FPGA) and an electrically erasable
programmable read-only memory (EEPROM). Alternatively, the controller
13 may be provided inside of an integrated circuit that is integrally
combined with the transmission/reception units 12 as an ASIC (Application
Specific Integrated Circuit).

[0033]

Fig. 2A is a diagram showing an example of the contents of the memory
according to the first embodiment. In the present embodiment, the memory
M of the controller 13 stores a table TB1 in which set values to be set in the
amplitude and phase controllers 22 of the transmission/reception units 12a
to 12d are defined. That is, the memory M stores the table TB1 in which
set values of the amplitudes and the phases of the transmission signals
passed through the signal paths R11 (the reference paths) of the
transmission/reception units 12a to 12d are defined.

[0034]

Specifically, as shown in Fig. 2A, the table TB1 defines four set values
(“set value 17 to “set value 4”) for each of beam pattern indexes. Here, the
beam pattern index is an index for specifying the antenna beam pattern to

be formed. In the example shown in Fig. 2A, eight types of beam pattern

SUBSTITUTE SHEET (RULE 26)



WO 2022/169463 14 PCT/US2021/017016

indexes specified by the numerical values “1” to “8” are prepared. That is,
in the phased array antenna 1 of the present embodiment, it is possible to
form eight types of antenna beam patterns. Further, the four set values
(“set value 17 to “set value 4”) are set values to be set in the amplitude and
phase controllers 22 of the transmission/reception units 12a to 12d,
respectively.

[0035]

Specifically, “C117, “C217, ..., and “C81” in Fig. 2A are set values to be
set in the amplitude and phase controller 22 of the transmission/reception
unit 12a when the beam pattern indexes are 1, 2, ..., and &, respectively.
Set values “C127, “C22”, ..., and “C82” in Fig. 2B are set values to be set
in the amplitude and phase controller 22 of the transmission/reception unit
12b when the beam pattern indexes are 1, 2, ..., and §, respectively. In Fig.
2A, the combination of the set values of the amplitudes and the phases are
described as C11 or the like. However, the set values of the amplitudes and
the set values of the phases may be individually stored for the respective
beam pattern indexes.

[0036]

Similarly, set values “C13”, “C23”, ..., and “C83” in Fig. 2B are set
values to be set in the amplitude and phase controller 22 of the
transmission/reception unit 12c when the beam pattern indexes are 1, 2, ...,
and 8, respectively. Set values “C14”, “C24”, ..., and “C84” in Fig. 2B are
set values to be set in the amplitude and phase controller 22 of the
transmission/reception unit 12d when the beam pattern indexes are 1, 2, ...,
and 8, respectively.

[0037]
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Fig. 2B is a diagram describing part of a configuration of the controller
according to the first embodiment. As shown in Fig. 2B, the controller 13
of the present embodiment is configured to output corresponding four set
values (“set value 17 to “set value 4”) with respect to a designated beam
pattern index. The four set values output from the memory M are output to
the transmission/reception units 12a to 12d, respectively.

[0038]

For example, a case where the controller 13 designates a beam pattern
index “1” is considered. In this case, the set value “C11” is output as “set
value 17 to the amplitude and phase controllers 22 and 26 of the
transmission/reception unit 12a, and the set value “C12” is output as “set
value 27 to the amplitude and phase controllers 22 and 26 of the
transmission/reception unit 12b. Further, the set value “C13” is output as
“set value 3” to the amplitude and phase controllers 22 and 26 of the
transmission/reception unit 12c¢, and the set value “C14” is output as “set
value 4” to the amplitude and phase controllers 22 and 26 of the
transmission/reception unit 12d.

[0039]

As described above, the table TB1 stored in the memory M is used to
control the amplitudes and the phases of the transmission signals passed
through the signal paths R11 (the reference paths) of the
transmission/reception units 12a to 12d. In addition, the table TB1 is also
used to control the amplitudes and the phases of the reception signals
passed through the signal paths R12 (the signal paths other than the
reference paths) of the transmission/reception units 12a to 12d. That is, the
table TB1 is shared by the signal paths R11 and R12.

[0040]
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Next, the operation of the phased array antenna 1 will be described. The
operation of the phased array antenna 1 is basically an operation of forming
an antenna beam pattern and transmitting/receiving radio signals by the
TDD system.

[0041]

When forming the antenna beam pattern, first, the beam pattern index
corresponding to the antenna beam pattern to be formed is specified by the
controller 13. Next, four set values (“set value 1” to “set value 4 shown in
Fig. 2B) for the designated beam pattern index are output from the memory
M. These four set values are output as control signals to the amplitude and
phase controllers 22 and 26 of the transmission/reception units 12a to 12d,
and the designated amplitude and phase in the signal paths R11 and R12
are set. Thereby, the antenna beam pattern is formed.

[0042]

When transmitting a radio signal, first, the signal paths R11 of the
transmission/reception units 12a to 12d are connected to the antenna
elements 11a to 11d by the switches 24, respectively. Next, the
transmitters 21 provided in the transmission/reception units 12a to 12d
output transmission signals to be transmitted to the outside, respectively.
The transmission signals output from the transmitters 21 of the
transmission/reception units 12a to 12d are passed through the signal paths
R11 provided in the transmission/reception units 12a to 12d, respectively.
[0043]

The power of these transmission signals are amplified by the amplifiers 23
provided in the transmission/reception units 12a to 12d after the amplitude
and the phase are respectively controlled by the amplitude and phase

controllers 22 provided in the transmission/reception units 12a to 12d.
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Then, the transmission signals are fed to the antenna elements 11ato 11d
via the switches 24 provided in the transmission/reception units 12a to 12d,
respectively. The transmission signals fed to the antenna elements 11a to
11d are converted into electromagnetic waves and transmitted.

[0044]

When receiving a radio signal, first, the signal paths R12 of the
transmission/reception units 12a to 12d are connected to the antenna
elements 11a to 11d by the switches 24, respectively. Next, the
electromagnetic waves transmitted from the outside are received by the
antenna elements 11a to 11d, and the reception signals are output from the
antenna clements 11a to 11d to the transmission/reception units 12a to 12d,
respectively.

[0045]

The reception signals output from the antenna elements 11a to 11d are
passed via the switches 24 of the transmission/reception units 12a to 12d
and then passed through the signal paths R12 of the transmission/reception
units 12a to 12d, respectively. These reception signals are amplified with
low noise by the amplifiers 25 provided in the transmission/reception units
12a to 12d, and then the amplitudes and the phases are controlled by the
amplitude and phase controllers 26 provided in the transmission/reception
units 12a to 12d, respectively. Then, the reception signals are fed to the
receivers 27 provided in the transmission/reception units 12a to 12d to
perform the reception process.

[0046]

As described above, in the present embodiment, the

transmission/reception units 12a to 12d are provided for the antenna

elements 11a to 11d, respectively, and the antenna element is shared by the

SUBSTITUTE SHEET (RULE 26)



WO 2022/169463 18 PCT/US2021/017016

signal path R11 through which the transmission signal is passed and the
signal path R12 through which the reception signal is passed. Further, the
memory M stores the table TB1 in which the set values of the amplitudes
and the phases of the transmission signals passed through the signal paths
R11 of the transmission/reception units 12a to 12d are defined.

[0047]

Then, the amplitude and the phase of the transmission signal passed
through the signal path R11 are controlled, and the amplitude and the phase
of the reception signal passed through the signal path R12 are controlled,
by using the table TB1 stored in the memory M. As described above, in the
present embodiment, the table TB1 in which the set values for controlling
the amplitude and the phase of the transmission signal can be shared for
controlling the amplitude and the phase of the reception signal. Therefore,
the amount of memory required to store all of the set values is 32 words.
Here, a single combination of a set values of an amplitude and a phase for a
single amplitude and phase controller (i.c., amplitude and phase controller
22 or 26) is equivalent to 1 word. If the set values are not shared between
the transmission signal and the reception signal, the amount of memory
required to store all of the set values is equivalent to 64 words. This means
the amount of memory required to form the desired antenna beam pattern
can be reduced in the present embodiment.

[0048]
[Second Embodiment]

Fig. 3 is a block diagram showing a configuration of a main part of a
phased array antenna according to a second embodiment. In Fig. 3, the
same reference signs are given to the configuration corresponding to the

configuration shown in Fig. 1. As shown in Fig. 3, a phased array antenna

SUBSTITUTE SHEET (RULE 26)



WO 2022/169463 19 PCT/US2021/017016

2 of the present embodiment is provided with transmission/reception units
14a and 15a instead of the transmission/reception unit 12a of the phased
array antenna 1 shown in Fig. 1, transmission/reception units 14b and 15b
instead of the transmission/reception unit 12b, transmission/reception units
14¢ and 15¢ instead of the transmission/reception unit 12¢, and
transmission/reception units 14d and 15d instead of the
transmission/reception unit 12d.

[0049]

The phased array antenna 2 of the present embodiment uses the antenna
elements 16a to 16d to transmit and receive a signal of vertical polarization
(V polarization: first polarization state) and a signal of horizontal
polarization (H polarization: second polarization state). In other words, the
antenna elements 16a to 16d are shared as the antenna element for V
polarization and the antenna element for H polarization by making feeding
points for the antenna elements 16a to 16d different.

[0050]

In the following, the four transmission/reception units 14a to 14d are
collectively referred to as a transmission/reception unit 14, and the four
transmission/reception units 15a to 15d are collectively referred to as a
transmission/reception unit 15. Further, the number of antenna elements
16, transmission/reception units 14, and transmission/reception units 15
included in the phased array antenna 2 is not limited to four, and may be
three or less, or five or more. Furthermore, the polarized signals for
transmission and reception is not limited to the V polarization signal and
the H polarization signal. Any pairs of polarized signals, for example, a

right-handed circularly polarized signal and a left-handed circularly
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polarized wave, or a +45degree linearly polarized waves and a -45 degree
linearly polarized waves, can be used.
[0051]

The transmission/reception units 14a to 14d are provided corresponding to
the antenna elements 16a to 16d, output transmission signals to the
corresponding antenna elements 16a to 16d, and receive reception signals
output from the corresponding antenna elements 16a to 16d. The
transmission/reception units 14a to 14d transmit and receive a signal of V
polarization. Further, the transmission/reception units 14a to 14d control
amplitudes and phases of the transmission signals output to the
corresponding antenna elements 16a to 16d, and control amplitudes and
phases of the reception signals output from the corresponding antenna
elements 16a to 16d, under the control of the controller 13.

[0052]

The transmission/reception units 15a to 15d are provided to correspond
with the antenna elements 16a to 16d, output transmission signals to the
corresponding antenna elements 16a to 16d, and receive reception signals
output from the corresponding antenna elements 16a to 16d. The
transmission/reception units 15a to 15d transmit and receive a signal of H
polarization. Further, the transmission/reception units 15a to 15d control
the amplitudes and phases of the transmission signals output to the
corresponding antenna clements 16a to 16d, and control the amplitudes and
phases of the reception signals output from the corresponding antenna
elements 16a to 16d, under the control of the controller 13.

[0053]
These transmission/reception units 14a to 14d and 15a to 15d have the

same configuration as the transmission/reception units 12a to 12d shown in
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Fig. 1, and they each include the transmitter 21, the amplitude and phase
controller 22, the amplifier 23, the switch 24, the amplifier 25, the
amplitude and phase controller 26, and the receiver 27. Since the
transmission/reception units 14a to 14d and 15a to 15d have the same
configuration, the transmission/reception units 14a to 14d will be described
below as the transmission/reception unit 14 without distinguishing them
and the transmission/reception units 15a to 15d will be described below as
the transmission/reception unit 15 without distinguishing them.

[0054]

The transmitter 21, the amplitude and phase controller 22, and the
amplifier 23 of the transmission/reception unit 14 are configured to
transmit a radio signal of V polarization, and are provided in a signal path
R21 (a transmission signal path, a first transmission signal path) through
which the transmission signal is passed. The amplifier 25, the amplitude
and phase controller 26, and the receiver 27 of the transmission/reception
unit 14 are configured to receive the radio signal of V polarization, and are
provided in a signal path R22 (a reception signal path, a first reception
signal path) through which the reception signal is passed.

[0055]

The switch 24 of the transmission/reception unit 14 switches between
connecting the signal path R21 and connecting the signal path R22 to the
antenna clement 16 at required time intervals. That is, the switch 24 of the
transmission/reception unit 14 sequentially switches the signal path to be
connected to the antenna element 16 among the signal paths R21 and R22
at required time intervals.

[0056]
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The transmitter 21, the amplitude and phase controller 22, and the
amplifier 23 of the transmission/reception unit 15 are configured to
transmit a radio signal of H polarization, and are provided in a signal path
R23 (a transmission signal path, a second transmission signal path) through
which the transmission signal is passed. The amplifier 25, the amplitude
and phase controller 26, and the receiver 27 of the transmission/reception
unit 15 are configured to receive the radio signal of H polarization, and are
provided in a signal path R24 (a reception signal path, a second reception
signal path) through which the reception signal is passed.

[0057]

The switch 24 of the transmission/reception unit 15 switches between
connecting the signal path R23 and connecting the signal path R24 to the
antenna element 16 at required time intervals. That is, the switch 24 of the
transmission/reception unit 15 sequentially switches the signal path to be
connected to the antenna element 16 among the signal paths R23 and R24
at required time intervals. As described above, in the present embodiment,
one antenna element 16 is shared by the four signal paths (the signal paths
R21 to R24). When the switches 24 of the transmission/reception units 14
and 15 perform the above-mentioned switching, transmission/reception of
radio signals is realized by the TDD system.

[0058]

Fig. 4A is a diagram showing an example of the contents of the memory
according to the second embodiment. In the present embodiment, the
memory M of the controller 13 stores a table TB2 in which set values to be
set in the amplitude and phase controllers 22 of the transmission/reception
units 14a to 14d are defined. That is, the memory M stores the table TB2

in which set values of the amplitudes and the phases of the transmission
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signals transmitted through the signal paths R21 (the reference paths) of the
transmission/reception units 14a to 14d are defined. The table TB2 shown
in Fig. 4A is the same as the table TB1 shown in Fig. 2A.

[0059]

Fig. 4B is a diagram describing part of a configuration of the controller
according to the second embodiment. As shown in Fig. 4B, the controller
13 of the present embodiment is configured to output four corresponding
set values (“set value 17 to “set value 4”") with respect to a designated beam
pattern index for V polarization. Further, the controller 13 of the present
embodiment is configured to output four corresponding set values (“set
value 17 to “set value 4”) with respect to a designated beam pattern index
for H.

[0060]

The controller 13 can individually designate the beam pattern index for V
polarization and the beam pattern index for H polarization. Here, since
different set values can be simultaneously read from the table TB2 for the
beam pattern index for V polarization and the beam pattern index for H
polarization, it is desirable to use a dual port memory as the memory M.
When the controller 13 designates the beam pattern index for V
polarization, the four set values output from the controller 13 are output to
the transmission/reception units 14a to 14d, respectively. Further, when the
controller 13 designates the beam pattern index for H polarization, the four
set values output from the controller 13 are output to the
transmission/reception units 15a to 15d, respectively.

[0061]
For example, a case where the controller 13 designates “1” as the beam

pattern index for V polarization and “8” as the beam pattern index of H
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polarization is considered. In this case, the set value “C11” is output as
“set value 17 to the amplitude and phase controllers 22 and 26 of the
transmission/reception unit 14a, and the set value “C12” is output as “set
value 2” to the amplitude and phase controllers 22 and 26 of the
transmission/reception unit 14b. Further, the set value “C13” is output as
“set value 3” to the amplitude and phase controllers 22 and 26 of the
transmission/reception unit 14¢, and the set value “C14” is output as “set
value 4” to the amplitude and phase controllers 22 and 26 of the
transmission/reception unit 14d.

[0062]

Further, the set value “C81” is output as “set value 17 to the amplitude
and phase controllers 22 and 26 of the transmission/reception unit 15a, and
the set value “C82” is output as “set value 2” to the amplitude and phase
controllers 22 and 26 of the transmission/reception unit 15b. Further, the
set value “C83” is output as “set value 3” to the amplitude and phase
controllers 22 and 26 of the transmission/reception unit 15¢, and the set
value “C84” is output as “set value 4” to the amplitude and phase
controllers 22 and 26 of the transmission/reception unit 15d.

[0063]

As described above, the table TB2 stored in the memory M is used to
control the amplitudes and the phases of the transmission signals passed
through the signal paths R21 (the reference paths) of the
transmission/reception units 14a to 14d. In addition, the table TB2 is also
used to control the amplitudes and the phases of the reception signals
passed through the signal paths R22 of the transmission/reception units 14a
to 14d, the signal paths R23 of the transmission/reception units 15a to 15d,
and the signal paths R24 (the signal paths other than the reference paths) of
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the transmission/reception units 15a to 15d. That is, table TB2 is shared by
the signal paths R21 to R24.
[0064]

The phased array antenna 2 of the present embodiment is different from
the phased array antenna 1 of the first embodiment in that the controller 13
can individually set a beam pattern index for V polarization and a beam
pattern index for H polarization. That is, the phased array antenna 2 of the
present embodiment is different from the phased array antenna 1 of the first
embodiment in that different antenna beam pattern can be formed between
the signal of V polarization and the signal of H polarization. However,
since the basic operation of the phased array antenna 2 of the present
embodiment is the same as that of the phased array antenna 1 of the first
embodiment, detailed description thereof will be omitted.

[0065]

As described above, in the present embodiment, the
transmission/reception units 14a to 14d for transmitting and receiving V
polarization and the transmission/reception units 15a to 15d for
transmitting and receiving H polarization are provided for the antenna
elements 16a to 16d, respectively. Thereby, the antenna element is shared
by the four signal paths (the signal paths R21 to R24). Further, the
memory M stores the table TB2 in which the set values of the amplitudes
and the phases of the transmission signals passed through the signal paths
R21 of the transmission/reception units 14a to 14d are defined.

[0066]

Then, the amplitude and the phase of the transmission signal passed
through the signal path R21 are controlled, and the amplitudes and the
phases of the signals passed through the signal paths R22 to R24 are
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controlled, by using the table TB2 stored in the memory M. As described
above, in the present embodiment, by sharing the table TB2 in which the
set values in one signal path (the signal path R21) among a plurality of
signal paths are defined with the other signal paths, the amount of memory
required to store all of the set values becomes equivalent to 32 words. If
the set values are not shared, the required amount of memory would be 128
words. This means the amount of memory required to form the desired
antenna beam pattern can be reduced in the present embodiment.

[0067]

[Third Embodiment]

A phased array antenna according to a third embodiment has the same
configuration as the phased array antenna 2 shown in Fig. 3. However, the
phased array antenna of the present embodiment is different from the
phased array antenna 2 shown in Fig. 3 in the contents of the memory M of
the controller 13 and part of the configuration of the controller 13.

[0068]

Fig. 5A is a diagram showing an example of the contents of the memory
according to the third embodiment. In the present embodiment, the
memory M of the controller 13 stores a table TB31 in which set values to
be set in the amplitude and phase controllers 22 of the
transmission/reception units 14a to 14d are defined and a table TB32 in
which set values to be set in the amplitude and phase controllers 22 of the
transmission/reception units 15a to 15d are defined. That is, the table
TB31 is a table in which set values (first set values) of the amplitudes and
the phases of the transmission signals passed through the signal paths R21
(the reference paths) of the transmission/reception units 14a to 14d are

defined. The table TB32 is a table in which set values (second set values)
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of the amplitudes and the phases of the transmission signals passed through
the signal paths R23 (the reference paths) of the transmission/reception
units 15a to 15d are defined.

[0069]

Specifically, as shown in Fig. 5A, the table TB31 defines set values to be
set in the amplitude and phase controllers 22 of the transmission/reception
units 14a to 14d for each of beam pattern indexes for H polarization.
Further, as shown in Fig. 5A, the table TB32 defines set values to be set in
the amplitude and phase controllers 22 of the transmission/reception units
15a to 15d for each of beam pattern indexes for H polarization. That is, the
tables TB31 and TB32 each have combinations of set values (set value 1 to
4 is equivalent to 1 combination) corresponding to the number of antenna
beam patterns to be set (formed). The amount of memory required to store
the tables TB31 and TB32 is equivalent to 32 words each. Therefore, in
the present embodiment, the amount of memory required to store all the set
values is equivalent to 64 words.

[0070]

Fig. 5B is a diagram describing part of a configuration of the controller
according to the third embodiment. As shown in Fig. 5B, the controller 13
of the present embodiment is configured to output four corresponding set
values (“set value V17 to “set value V4”) with respect to a designated beam
pattern index for V polarization. Further, the controller 13 of the present
embodiment is configured to output four corresponding set values (“set
value H1” to “set value H4””) with respect to a designated beam pattern
index for H polarization.

[0071]
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As in the second embodiment, the controller 13 can individually designate
the beam pattern index for V polarization and the beam pattern index for H
polarization. However, the present embodiment is different from the
second embodiment in that the set values defined in the table TB31 are read
in the beam pattern index for V polarization, and the set values defined in
the table TB32 are read in the beam pattern index for H polarization.
Therefore, in the present embodiment, the memory M does not have to use
the dual port memory.

[0072]

When the beam pattern index for V polarization is designated, the four set
values read from the table TB31 of the memory M are output to the
amplitude and phase controllers 22 of the transmission/reception units 14a
to 14d, respectively, and are output to the amplitude and phase controllers
26 of the transmission/reception units 14a to 14d, respectively. Further,
when the beam pattern index for H polarization is designated, the four set
values read from the table TB32 of the memory M are output to the
amplitude and phase controllers 22 of the transmission/reception units 15a
to 15d, respectively, and are output to the amplitude and phase controllers
26 of the transmission/reception units 15a to 15d, respectively.

[0073]

As described above, the set values defined in the table TB31 are used to
control the amplitudes and the phases of the transmission signals passed
through the signal paths R21 (the reference paths) of the
transmission/reception units 14a to 14d. In addition, the set values defined
in the table TB31 are also used to control the amplitudes and the phases of
the reception signals passed through the signal paths R22 (the signal paths

other than the reference paths) of the transmission/reception units 14a to
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14d. That is, the table TB31 of the memory M is shared by the signal paths
R21 and R22.
[0074]

Further, the set values defined in the table TB32 are used to control the
amplitudes and the phases of the transmission signals passed through the
signal paths R23 (the reference paths) of the transmission/reception units
15a to 15d. In addition, the set values defined in the table TB32 are also
used to control the amplitudes and the phases of the reception signals
passed through the signal paths R24 (the signal paths other than the
reference paths) of the transmission/reception units 15a to 15d. That is,
that the table TB32 of the memory M is shared by the signal paths R23 and
R24.

[0075]

The phased array antenna of the present embodiment is different from the
phased array antenna 2 of the second embodiment in that the set values
used in the transmission/reception units 14a to 14d are defined in the table
TB31 and the set values used in the transmission/reception units 15a to 15d
are defined in the table TB32. However, since the basic operation of the
phased array antenna of the present embodiment is the same as that of the
phased array antenna 2 of the second embodiment, detailed description
thereof will be omitted.

[0076]

As described above, in the present embodiment, the antenna element is
shared by the four signal paths (the signal paths R21 to R24) as in the
second embodiment. Further, the set values for the signal path R21 are
stored in the memory M as the table TB31, and the set values for the signal

path R23 are stored in the memory M as the table TB32.
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[0077]

Then, the amplitude and the phase of the transmission signal passed
through the signal path R21 are controlled, and the amplitude and the phase
of the reception signal passed through the signal path R22 are controlled,
by using the set values of the table TB31. Further, the amplitude and the
phase of the transmission signal passed through the signal path R23 are
controlled, and the amplitude and the phase of the reception signal passed
through the signal path R24 are controlled, by using the set values of the
table TB32.

[0078]

As described above, in the present embodiment, by sharing the set values
for controlling the amplitude and the phase of the transmission signal
together with the set values for controlling the amplitude and the phase of
the reception signal in each of the transmission/reception units [4a to 14d
and the transmission/reception units 15a to 15d, the amount of memory
required to store all of the set values becomes equivalent to 64 words. If
the set values are not shared, the required amount of memory would be
equivalent to 128 words. This means the amount of memory required to
form the desired antenna beam pattern can be reduced.

[0079]
[Fourth Embodiment]

A phased array antenna according to a fourth embodiment has the same
configuration as the phased array antenna 2 shown in Fig. 3. However, the
phased array antenna of the present embodiment is different from the
phased array antenna 2 shown in Fig. 3 in the contents of the memory M of
the controller 13 and part of the configuration of the controller 13.

[0080]
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Fig. 6A is a diagram showing an example of the contents of the memory
according to the fourth embodiment. In the present embodiment, the
memory M of the controller 13 stores a table TB41 in which set values to
be set in the amplitude and phase controllers 22 of the
transmission/reception units 14a to 14d are defined, and a table TB42 in
which set values to be set in the amplitude and phase controllers 26 of the
transmission/reception units 14a to 14d are defined. That is, the table
TB41 is a table in which set values (first set values) of the amplitudes and
the phases of the transmission signals passed through the signal paths R21
(the reference paths) of the transmission/reception units 14a to 14d are
defined. The table TB42 is a table in which set values (second set values)
of the amplitudes and the phases of the reception signals passed through the
signal paths R22 (the reference paths) of the transmission/reception units
14a to 14d are defined.

[0081]

Specifically, as shown in Fig. 6A, the table TB41 defines set values to be
set in the amplitude and phase controllers 22 of the transmission/reception
units 14a to 14d for each of beam pattern indexes for transmission.
Further, as shown in Fig. 6A, the table TB42 defines set values to be set in
the amplitude and phase controllers 26 of the transmission/reception units
14a to 14d for each of beam pattern indexes for reception. That is, the
tables TB41 and TB42 cach have combinations of set values (set value 1 to
4 is equivalent to 1 combination) corresponding to the number of antenna
beam patterns to be set (formed). The amount of memory required to store
the tables TB41 and TB42 is equivalent to 32 words each. Therefore, in
the present embodiment, the amount of memory required to store all the set

values is equivalent to 64 words as in the third embodiment.
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[0082]

Fig. 6B is a diagram describing part of a configuration of the controller
according to the fourth embodiment. As shown in Fig. 6B, the controller
13 of the present embodiment is configured to output four corresponding
set values (“set value T1” to “set value T4””) with respect to a designated
beam pattern index for transmission. Further, the controller 13 of the
present embodiment is configured to output four corresponding set values
(“set value R1” to “set value R4”) with respect to a designated beam
pattern index for reception.

[0083]

The controller 13 can individually designate the beam pattern index for
transmission and the beam pattern index for reception. However, the
present embodiment is different from the second embodiment in that the set
values defined in the table TB41 are read in the beam pattern index for
transmission, and the set values defined in the table TB42 are read in the
beam pattern index for reception. Therefore, in the present embodiment,
the memory M does not have to be the dual port memory.

[0084]

When the beam pattern index for transmission is designated, the four set
values read from the table TB41 are output to the amplitude and phase
controllers 22 of the transmission/reception units 14a to 14d, respectively,
and are output to the amplitude and phase controllers 22 of the
transmission/reception units 15a to 15d, respectively. Further, when the
beam pattern index for reception is designated, the four set values read
from the table TB42 of the memory M are output to the amplitude and

phase controllers 26 of the transmission/reception units 14a to 14d,
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respectively, and are output to the amplitude and phase controllers 26 of the
transmission/reception units 15a to 15d, respectively.
[0085]

As described above, the set values defined in the table TB41 are used to
control the amplitudes and the phases of the transmission signals passed
through the signal paths R21 (the reference paths) of the
transmission/reception units 14a to 14d. In addition, the set values defined
in the table TB41 are also used to control the amplitudes and the phases of
the transmission signals passed through the signal paths R23 (the signal
paths other than the reference paths) of the transmission/reception units 15a
to 15d. That is, the table TB41 is shared by the signal paths R21 and R23.
[0086]

Further, the set values defined in the table TB42 are used to control the
amplitudes and the phases of the reception signals passed through the
signal paths R22 (the reference paths) of the transmission/reception units
14a to 14d. In addition, the set values defined in the table TB42 are also
used to control the amplitudes and the phases of the reception signals
passed through the signal paths R24 (the signal paths other than the
reference paths) of the transmission/reception units 15a to 15d. That is, the
table TB42 of the memory M is shared by the signal paths R22 and R24.
[0087]

The phased array antenna of the present embodiment is different from the
phased array antenna 2 of the second embodiment in that the set values
used in the signal paths R21 and R23 are defined in the table TB41 and the
set values used in the signal paths R22 and R24 are defined in the table

TB42. However, since the basic operation of the phased array antenna of
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the present embodiment is the same as that of the phased array antenna 2 of
the second embodiment, detailed description thereof will be omitted.
[0088]

As described above, in the present embodiment, the antenna element is
shared by the four signal paths (the signal paths R21 to R24) as in the
second embodiment. Further, the set values for the signal path R21 are
stored in the memory M as the table TB41, and the set values for the signal
path R22 are stored in the memory M as the table TB42.

[0089]

Then, the amplitude and the phase of the transmission signal passed
through the signal path R21 are controlled, and the amplitude and the phase
of the transmission signal passed through the signal path R23 are
controlled, by using the set values of the table TB41. Further, the
amplitude and the phase of the reception signal passed through the signal
path R22 are controlled, and the amplitude and the phase of the reception
signal passed through the signal path R24 are controlled, by using the set
values of the table TB42.

[0090]

As described above, in the present embodiment, by sharing the set values
for controlling the amplitude and the phase among the transmission sides
and by sharing the set values for controlling the amplitude and the phase
among the reception sides of the transmission/reception units 14a to 14d
and the transmission/reception units 15a to 15d, the amount of memory
required to store all of the set values becomes equivalent to 64 words. If
the set values are not shared, the required amount of memory would be 128
words. This means the amount of memory required to form the desired

antenna beam pattern can be reduced in the present embodiment.
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[0091]
[Fifth Embodiment]

A phased array antenna according to a fifth embodiment has the similar
configuration as the phased array antenna 1 shown in Fig. 1. However, the
phased array antenna of the present embodiment is different from the
phased array antenna 1 shown in Fig. 1 in the contents of the memory M of
the controller 13 and part of the configuration of the controller 13.

[0092]

Fig. 7A is a diagram showing an example of the contents of the memory
according to the fifth embodiment. In the present embodiment, the
memory M of the controller 13 stores a table TB51 in which set values to
be set in the amplitude and phase controllers 22 of the
transmission/reception units 12a to 12d are defined and a table TB52 in
which correction values for the set values defined in the table TB51 are
defined. That is, the table TB51 is a table in which set values of the
amplitudes and the phases of the transmission signals passed through the
signal paths R11 (the reference paths) of the transmission/reception units
12a to 12d are defined. The table TB52 is a table in which an inter-path
error between the signal paths R11 (the reference paths) and the signal
paths R12 (the paths other than the reference paths) of the
transmission/reception units 12a to 12d is defined.

[0093]

Specifically, as shown in Fig. 7A, the table TB51 defines set values to be
set in the amplitude and phase controllers 22 of the transmission/reception
units 12a to 12d for each of beam pattern indexes. Further, as shown in
Fig. 7A, the table TB52 defines the correction values for each of the
transmission/reception units 12a to 12d. That is, the table TB51 has
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combinations of set values (set value 1 to 4 is equivalent to 1 combination)
corresponding to the number of antenna beam patterns to be set (formed),
and the table TB52 has correction values corresponding to the number of
the transmission/reception units 12a to 12d.

[0094]

Fig. 7B is a diagram describing part of a configuration of the controller
according to the fifth embodiment. As shown in Fig. 7B, the controller 13
of the present embodiment is configured to output corresponding four set
values (“set value 17 to “set value 4°) with respect to a designated beam
pattern index. Further, the controller 13 of the present embodiment is
configured to also output four corrected set values obtained by correcting
these four set values using the correction values (“correction value 17 to
“correction value 4”) of the table TB52. Four symbols “O” (circular
shape) in Fig. 7B indicate operators that perform correction operations for
set values. This operator performs operations such as multiplication of an
amplitude (or addition by a decibel value) and addition of a phase angle,
for example.

[0095]

When the beam pattern index is designated, the four set values read from
the table TB51 of the memory M are output to the amplitude and phase
controllers 22 of the transmission/reception units 12a to 12d, respectively.
Further, when the beam pattern index is designated, the four corrected set
values output from the controller 13 are output to the amplitude and phase
controllers 26 of the transmission/reception units 12a to 12d, respectively.
[0096]

As described above, the set values defined in the table TB51 are used to

control the amplitudes and the phases of the transmission signals passed
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through the signal paths R11 (the reference paths) of the
transmission/reception units 12a to 12d. In contrast, the corrected set
values obtained by using the correction values defined in the table TB52
are used to control the amplitudes and the phases of the reception signals
passed through the signal paths R12 (the signal paths other than the
reference paths) of the transmission/reception units 12a to 12d. Although
the table TB51 needs to be corrected using the correction values defined in
the table TB52, the table TB51 is shared by the signal paths R11 and R12.
[0097]

The phased array antenna of the present embodiment is different from the
phased array antenna 1 of the first embodiment in that the amplitude and
the phase of the reception signal passed through the signal path R12 are
controlled by using the corrected set values obtained by correcting the set
values defined in the table TB51. However, since the basic operation of the
phased array antenna of the present embodiment is the same as that of the
phased array antenna 1 of the first embodiment, detailed description thercof
will be omitted.

[0098]

As described above, in the present embodiment, as in the first
embodiment, the antenna element is shared by the signal path R11 through
which the transmission signal is passed and the signal path R12 through
which the reception signal is passed. Further, the memory M stores the
table TB51 in which the set values of the amplitudes and the phases of the
transmission signals passed through the signal paths R11 of the
transmission/reception units 12a to 12d are defined and the table TB52 in
which the correction values for the set values defined in the table TB51 are

defined.
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[0099]

Then, the amplitudes and the phases of the transmission signals passed
through the signal paths R11 are controlled by using the table TB51 stored
in the memory M. Further, the amplitudes and the phases of the
transmission signals passed through the signal paths R12 are controlled by
using the corrected set values obtained by correcting the set values defined
in the table TB51 with the correction values defined in the table TB52.
Therefore, even if there is an inter-path error between the signal paths R11
and R12, the desired antenna beam pattern can be formed.

[0100]

The amount of memory required to store the table TB51 is equivalent to
32 words, and the amount of memory required to store the table TB52 is
equivalent to 4 words. In the present embodiment, the amount of memory
required to store all of the set values and the correction values is equivalent
to 36 words. Therefore, comparing with the required amount of memory
(64 words) in a case where the set values are not shared between the
transmission signals and the reception signals, it is able to reduce the
amount of memory required to form the desired antenna beam pattern.
[0101]

[Sixth Embodiment]

A phased array antenna according to a sixth embodiment has the similar
configuration as the phased array antenna 2 shown in Fig. 3. However, the
phased array antenna of the present embodiment is different from the
phased array antenna 2 shown in Fig. 3 in the contents of the memory M of
the controller 13 and part of the configuration of the controller 13.

[0102]
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Fig. 8A is a diagram showing an example of the contents of the memory
according to the sixth embodiment. In the present embodiment, the
memory M of the controller 13 stores a table TB61 in which set values to
be set in the amplitude and phase controllers 22 of the
transmission/reception units 14a to 14d are defined and tables TB62 to
TB64 in which correction values for the set values defined in the table
TB61 are defined.

[0103]

That is, the table TB61 is a table in which set values of the amplitudes and
the phases of the transmission signals passed through the signal paths R21
(the reference paths) of the transmission/reception units 14a to 14d are
defined. The table TB62 is a table in which an inter-path error between the
signal paths R21 (the reference paths) and the signal paths R22 (the paths
other than the reference paths) of the transmission/reception units 14a to
14d is defined. The table TB63 is a table in which an inter-path error
between the signal paths R21 (the reference paths) of the
transmission/reception units 14a to 14d and the signal paths R23 (the paths
other than the reference paths) of the transmission/reception units 15a to
15d is defined. The table TB64 is a table in which an inter-path error
between the signal paths R21 (the reference paths) of the
transmission/reception units 14a to 14d and the signal paths R24 (the paths
other than the reference paths) of the transmission/reception units 15a to
15d is defined.

[0104]

Specifically, as shown in Fig. 8A, the table TB61 defines set values to be

set in the amplitude and phase controllers 22 of the transmission/reception

units 14a to 14d for each of beam pattern indexes. Further, as shown in
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Fig. 8A, the table TB62 defines the correction values for each of the
transmission/reception units 14a to 14d, and the tables TB63 and TB64
define the correction values for each of the transmission/reception unit 15a
to 15d as shown in Fig. 8A.

[0105]

That is, the table TB61 has combinations of set values (set value 1 to 4 is
equivalent to 1 combination) corresponding to the number of antenna beam
patterns to be set (formed). The table TB62 has correction values
corresponding to the number of transmission/reception units 14a to 14d,
and the tables TB63 and TB64 each have correction values corresponding
to the number of the transmission/reception units 15a to 15d.

[0106]

Fig. 8B is a diagram describing part of a configuration of the controller
according to the sixth embodiment. As shown in Fig. 8B, the controller 13
of the present embodiment is configured to output corresponding four set
values (“set value 17 to “set value 4°) with respect to a designated beam
pattern index for V polarization. Further, the controller 13 of the present
embodiment is configured to also output four corrected set values
(hereinafter referred to as “first corrected set values”) obtained by
correcting these four set values using the correction values (“correction
value CA1” to “correction value CA4”) of the table TB62.

[0107]

Further, when a beam pattern index for H polarization is designated, the
controller 13 of the present embodiment is configured to output corrected
set values obtained by correcting four set values (“set value 17 to “set value
4y for the beam pattern index. Specifically, the controller 13 of the

present embodiment is configured to output four corrected set values
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(hereinafter referred to as “second corrected set values™) corrected using
the correction values (“correction value CB1” to “correction value CB4”)
of the table TB63. Further, the controller 13 of the present embodiment is
configured to output four corrected set values (hereinafter referred to as
“third corrected set values™) corrected using the correction values
(“correction value CC1” to “correction value CC4”) of the table TB64.
[0108]

The controller 13 can individually designate the beam pattern index for V
polarization and the beam pattern index for H polarization. Here, since
different set values can be simultaneously read from the table TB61 in the
beam pattern index for V polarization and the beam pattern index for H
polarization, it is desirable to use a dual port memory as the memory M as
in the second embodiment. Twelve 12 symbols “O” in Fig. 8B are the
same as the operators shown in Fig. 7B.

[0109]

When the beam pattern index for V polarization is designated, the four set
values read from the table TB61 of the memory M are output to the
amplitude and phase controllers 22 of the transmission/reception units 14a
to 14d, respectively. Further, the first corrected set values are output to the
amplitude and phase controllers 26 of the transmission/reception units 14a
to 14d, respectively. When the beam pattern index for H polarization is
designated, the second corrected set values are output to the amplitude and
phase controllers 22 of the transmission/reception units 15a to 15d,
respectively, and the third corrected set values are output to the amplitude
and phase controllers 26 of the transmission/reception units 15a to 15d,

respectively.

[0110]
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As described above, the set values defined in the table TB61 are used to
control the amplitudes and the phases of the transmission signals passed
through the signal paths R21 (the reference paths) of the
transmission/reception units 14a to 14d. In contrast, the first corrected set
values obtained by using the correction values defined in the table TB62
are used to control the amplitudes and the phases of the reception signals
passed through the signal paths R22 (the signal paths other than the
reference paths) of the transmission/reception units 14a to 14d.

[0111]

Further, the second corrected set values obtained by using the correction
values defined in the table TB63 are used to control the amplitudes and the
phases of the transmission signals passed through the signal paths R23 (the
signal paths other than the reference paths) of the transmission/reception
units 15a to 15d. Further, the third corrected set values obtained by using
the correction values defined in the table TB64 are used to control the
amplitudes and the phases of the reception signals passed through the
signal paths R24 (the signal paths other than the reference paths) of the
transmission/reception units 15a to 15d. Although the table TB61 needs to
be corrected using the correction values defined in the tables TB62 to
TB64, the table TB61 is shared by the signal paths R21 to R24.

[0112]

The phased array antenna of the present embodiment is different from the
phased array antenna 2 of the second embodiment in that the corrected set
values obtained by correcting the set values defined in the table TB61 are
used as the set values of the signal paths R22 10 R24. However, since the

basic operation of the phased array antenna of the present embodiment is
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the same as that of the phased array antenna 2 of the second embodiment,
detailed description thereof will be omitted.
[0113]

As described above, in the present embodiment, the antenna element is
shared by the four signal paths (the signal paths R21 to R24) as in the
second embodiment. Further, the memory M stores the table TB61 in
which the set values for the signal path R21 are defined and the tables
TB62 to TB64 in which the correction values for the set values defined in
the table TB61 are defined.

[0114]

Then, the amplitude and the phase of the transmission signal passed
through the signal path R21 are controlled by using the set values of the
table TB61. Further, the amplitudes and the phases of the signals passed
through the signal paths R22 to R24 are controlled, respectively, by using
the first to third corrected set values obtained by correcting the set values
defined in the table TB61 with the correction values defined in the tables
TB62 to TB64. Therefore, even if there is an inter-path error between the
signal path R21 and the signal paths R22 to R24, the desired antenna beam
pattern can be formed.

[0115]

The amount of memory required to store the table TB61 is equivalent to
32 words, and the amount of memory required to store the tables TB62 to
TB64 is equivalent to 12 words. In the present embodiment, the amount of
memory required to store all of the set values and the correction values is
equivalent to 44 words. Therefore, comparing with the required amount of

memory (128 words) in a case where the set values are not shared, it is able
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to reduce the amount of memory required to form the desired antenna beam
pattern.

[0116]

[Seventh Embodiment]

A phased array antenna according to a seventh embodiment has
substantially the same configuration as the phased array antenna of the fifth
embodiment, and the overall configuration is substantially the same as the
phased array antenna 1 shown in Fig. 1. However, the phased array
antenna of the present embodiment is slightly different from the phased
array antenna of the fifth embodiment in the contents of the memory M of
the controller 13 and part of the configuration of the controller 13.

[0117]

Fig. 9A is a diagram showing an example of the contents of the memory
according to the seventh embodiment. In the present embodiment, the
memory M of the controller 13 stores a table TB71 in which set values to
be set in the amplitude and phase controllers 22 of the
transmission/reception units 12a to 12d are defined and a table TB72 in
which correction values for the set values defined in the table TB71 are
defined.

[0118]

The table TB71 is the same as the table TB51 shown in Fig. 7A, and is a
table in which set values of the amplitudes and the phases of the
transmission signals passed through the signal paths R11 (the reference
paths) of the transmission/reception units 12a to 12d are defined. Similar
to the table TB52 shown in Fig. 7A, the table TB72 is a table in which an
inter-path error between the signal paths R11 (the reference paths) and the

signal paths R12 (the paths other than the reference paths) of the
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transmission/reception units 12a to 12d is defined. However, the table
TB72 is different from the table TB52 shown in Fig. 7A in that a plurality
of the above-mentioned inter-path errors are defined.

[0119]

The reason for defining the plurality of inter-path errors in this way is to
make the corrected set values used for controlling the amplitude and the
phase of the reception signals passed through the signal path R12 more
appropriate depending on the antenna beam pattern to be set (formed). The
plurality of inter-path errors defined in the table TB72 are specified by a
correction index. In the example shown in Fig. 9A, two inter-path errors
specified by the correction index are defined in the table TB72.

[0120]

Fig. 9B is a diagram showing a selection example of the correction index
according to the seventh embodiment. As shown in Fig. 9B, the correction
index is selected for each of beam pattern indexes. In the table TB72
shown in Fig. 9A, the correction index can take values “1” or “2”.
Therefore, as shown in Fig. 9B, “1” or “2” is selected as the value of the
correction index for each beam pattern index.

[0121]

Fig. 9C is a diagram describing part of a configuration of the controller
according to the seventh embodiment. As shown in Fig. 9C, the controller
13 of the present embodiment has substantially the same configuration as
that shown in Fig. 7B. However, the controller 13 of the present
embodiment is different from the controller shown in Fig. 7B in a point that
a correction index corresponding to the beam pattern index is selected (see

Fig. 9B), and the set values are corrected using correction values
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(“correction value 17 to “correction value 4”) specified by the selected
correction index.
[0122]

The phased array antenna of the present embodiment is different from the
phased array antenna of the fifth embodiment in a point that the plurality of
inter-path errors between the signal paths R11 and the signal paths R12 of
the transmission/reception units 12a to 12d are defined. However, since the
basic operation of the phased array antenna of the present embodiment is
the same as that of the phased array antenna of the fifth embodiment,
detailed description thereof will be omitted.

[0123]

As described above, in the present embodiment, as in the fifth
embodiment (the first embodiment), the antenna element is shared by the
signal path R11 through which the transmission signal is passed and the
signal path R12 through which the reception signal is passed. Further, the
memory M stores the table TB71 in which the set values of the amplitudes
and the phases of the transmission signals passed through the signal paths
R11 of the transmission/reception units 12a to 12d are defined and the table
TB72 in which a plurality of the correction values for the set values defined
in the table TB71 are defined.

[0124]

Then, the amplitudes and the phases of the transmission signals passed
through the signal paths R11 are controlled by using the table TB71 stored
in the memory M. Further, the amplitudes and the phases of the
transmission signals passed through the signal paths R12 are controlled by
using the corrected set values obtained by correcting the set values defined

in the table TB71 with the correction values defined in the table TB72.
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Therefore, even if there is an inter-path error between the signal paths R11
and R12, the desired antenna beam pattern can be formed.
[0125]

As described above, since the table TB71 is the same as the table TB51
shown in Fig. 7A, the amount of memory required to store the table TB71
is equivalent to 32 words. Further, the amount of memory required to store
the table TB72 is equivalent to 8§ words (i.e., 4 words times 2 indexes). In
the present embodiment, the amount of memory required to store all of the
set values and the correction values is equivalent to 40 words. Therefore,
comparing with the required amount of memory (64 words) in a case where
the set values are not shared between the transmission signals and the
reception signals, it is able to reduce the amount of memory required to
form the desired antenna beam pattern.

[0126]

Further, in the present embodiment, the table TB72 is defined with a
plurality of the correction values for the set values defined in the table
TB71. Therefore, in the present embodiment, it is possible to make the
corrected set values used for controlling the amplitude and the phase of the
reception signals passed through the signal path R12 more appropriate
depending on the antenna beam pattern to be set (formed). When a control
error of the amplitude and phase controller 26 provided in the signal path
R12 cannot be ignored, it is possible to reduce the control error by selecting
an appropriate correction value.

[0127]
[Eighth Embodiment]
A phased array antenna according to an eighth embodiment has

substantially the same configuration as the phased array antenna of the
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sixth embodiment, and the overall configuration is substantially the same as
the phased array antenna 2 shown in Fig. 3. However, the phased array
antenna of the present embodiment is slightly different from the phased
array antenna of the sixth embodiment in the contents of the memory M of
the controller 13 and part of the configuration of the controller 13.

[0128]

Fig. 10A is a diagram showing an example of the contents of the memory
according to the eighth embodiment. In the present embodiment, the
memory M of the controller 13 stores a table TB81 in which set values to
be set in the amplitude and phase controllers 22 of the
transmission/reception units 14a to 14d are defined and tables TB72 to
TB74 in which correction values for the set values defined in the table
TBS1 are defined.

[0129]

The table TB8&1 is the same as the table TB61 shown in Fig. 8A, and is a
table in which set values of the amplitudes and the phases of the
transmission signals passed through the signal paths R21 (the reference
paths) of the transmission/reception units 14a to 14d are defined. Similar
to the table TB62 shown in Fig. 8A, the table TBS82 is a table in which an
inter-path error between the signal paths R21 (the reference paths) and the
signal paths R22 (the paths other than the reference paths) of the
transmission/reception units 14a to 14d is defined.

[0130]

Similar to the table TB63 shown in Fig. 8A, the table TB&3 is a table in
which an inter-path error between the signal paths R21 (the reference
paths) of the transmission/reception units 14a to 14d and the signal paths

R23 (the paths other than the reference paths) of the transmission/reception
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units 15a to 15d is defined. Similar to the table TB64 shown in Fig. 8A,
the table TB84 is a table in which an inter-path error between the signal
paths R21 (the reference paths) of the transmission/reception units 14a to
14d and the signal paths R24 (the paths other than the reference paths) of
the transmission/reception units 15a to 15d is defined.

[0131]

However, the tables TB82 to TB84 are different from the tables TB62 to
TB64 shown in Fig. 8A in a point that a plurality of the above-mentioned
inter-path errors are defined. The reason for defining the plurality of inter-
path errors in this way is to make the corrected set values used for
controlling the amplitude and the phase of the signals passed through the
signal paths R22 to R24 more appropriate depending on the antenna beam
pattern to be set (formed).

[0132]

In the example shown in Fig. 10A, two inter-path errors specified by a
correction index A are defined in the table TB82. Further, two inter-path
errors specified by a correction index B are defined in the table TB83.
Further, two inter-path errors specified by a correction index C are defined
in the table TB&4.

[0133]

Fig. 10B is a diagram showing a selection example of the correction index
according to the eighth embodiment. As shown in Fig. 10B, the correction
index A is selected for each of beam pattern indexes for V polarization.
The correction indexes B and C are selected for each of beam pattern
indexes for H polarization. In the tables TB82 to TB84 shown in Fig. 10A,

the correction indexes A to C can take values “1” or “2”. Therefore, as
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shown in Fig. 10B, “1” or “2” is individually selected as the value of the
correction indexes A to C for each beam pattern index.
[0134]

Fig. 10C is a diagram describing part of a configuration of the controller
according to the eighth embodiment. As shown in Fig. 10C, the controller
13 of the present embodiment has substantially the same configuration as
that shown in Fig. 8B. However, the controller 13 of the present
embodiment is different from that shown in Fig. 8B in a point that
correction indexes A to C corresponding to the beam pattern index are
selected (see Fig. 10B), and the set values are corrected using correction
values specified by the selected correction indexes A to C. In the present
embodiment, “correction value A1” to “correction value A4” are specified
by the correction index A, “correction value B1” to “correction value B4”
are specified by the correction index B, and “correction value C1” to
“correction value C4” are specified by the correction index C.

[0135]

The phased array antenna of the present embodiment is different from the
phased array antenna of the sixth embodiment in a point that the plurality
of inter-path errors between the signal path R21 and the signal path R22 are
defined, the plurality of inter-path errors between the signal path R21 and
the signal path R23 are defined, and the plurality of inter-path errors
between the signal path R21 and the signal path R24 are defined.
However, since the basic operation of the phased array antenna of the
present embodiment is the same as that of the phased array antenna of the
sixth embodiment, detailed description thereof will be omitted.

[0136]
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As described above, in the present embodiment, the antenna element is
shared by the four signal paths (the signal paths R21 to R24) as in the sixth
embodiment (the second embodiment). Further, the memory M stores the
table TB81 in which the set values for the signal path R21 are defined and
the tables TB62 to TB64 in which the plurality of correction values for the
set values defined in the table TB81 are defined.

[0137]

Then, the amplitude and the phase of the transmission signal passed
through the signal path R21 are controlled by using the set values of the
table TB81. Further, the amplitudes and the phases of the signals passed
through the signal paths R22 to R24 are controlled, respectively, by using
the corrected set values (the first to third corrected set values) obtained by
correcting the set values defined in the table TB81 with the correction
values defined in the tables TB&2 to TB84. Therefore, even if there is an
inter-path error between the signal path R21 and the signal paths R22 to
R24, the desired antenna beam pattern can be formed.

[0138]

As described above, since the table TB81 is the same as the table TB61
shown in Fig. 8 A, the amount of memory required to store the table TB81
1s equivalent to 32 words. Further, the amount of memory required to store
the tables TB82 to TB&4 is equivalent to 8 words each. In the present
embodiment, the amount of memory required to store all of the set values
and the correction values is equivalent to 56 words. Therefore, comparing
with the required amount of memory (128 words) in a case where the set
values are not shared, it is able to reduce the amount of memory required to
form the desired antenna beam pattern.

[0139]
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Further, in the present embodiment, the tables TB82 to TB&84 are defined
with a plurality of the correction values for the set values defined in the
table TB81. Therefore, in the present embodiment, it is possible to make
the corrected set values used for controlling the amplitudes and the phases
of the signals passed through the signal paths R22 to R24 more appropriate
depending on the antenna beam pattern to be set (formed). When control
errors of the amplitude and phase controllers 22 or the amplitude and phase
controllers 26 provided in the signal paths R22 to R24 cannot be ignored, it
1s also possible to reduce the control errors by selecting an appropriate
correction value.

[0140]

Although the embodiments have been described above, the present
invention is not limited to the above embodiments and can be freely
modified within the scope of the present invention. For example, in the
above-described embodiment, one antenna element is shared by two signal
paths R11 and R12, or four signal paths R21 to R24, but the antenna
element does not necessarily have to be shared. The antenna element may
be provided in each of the two signal paths R11 and R12, or the four signal
paths R21 to R24.

[0141]

However, regardless of whether the antenna element is shared by a
plurality of signal paths or the antenna element is not shared by a plurality
of signal paths, it is desirable that conditions such as the wiring length of
each signal path are uniformly arranged. When it is difficult to uniformly
arrange the above conditions due to physical restrictions, mounting errors,

control errors of the amplitude and phase controllers 22 and 26, and the
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like, as in the fifth to eighth embodiments, a correction value may be
provided to correct the set value.
[0142]

Further, in the above-described embodiment, the transmission/reception of
signals (radio signals) has been realized by the TDD system, but it is not
always necessary to transmit and receive the signals. It may be one that
only transmits a signal, or it may be one that only receives a signal. For
example, only transmission of a signal of V polarization and a signal of H
polarization may be performed, or reception of a signal of V polarization
and a signal of H polarization may be performed. Further, the present
invention may be applied to a full-duplex system that simultaneously
transmits and receives signals by employing an appropriate transmission
signal canceller.

[0143]

Further, when the correction operation is performed as in the fifth to
eighth embodiments described above, it is conceivable that phase wrapping
occurs after the correction (i.e., the corrected phase may exceed +n). When
such phase wrapping occurs, it is desirable to perform a modulo operation
or the like to keep the corrected phase within a range of +.

[0144]

Further, in the above-described embodiments, the set values are shared in
all of the beam pattern indexes. However, the set values may be shared in
at least one beam pattern index (i.e., at least one antenna beam pattern to be
set). In a case where the number of the beam pattern indexes in which the
set values are shared is small, it is preferable to lessen the number of the

correction values and the number of words.

[0145]
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Fig. 11 is a diagram showing another example of the contents of the
memory. As shown in Fig. 11, the table TB90 of this example includes
three tables TB91 to TB93. The table TB91 is a table in which the set
values used in a case where the beam pattern index is 1 to 6 are defined.
The table TB92 and TB93 are tables in which the set values used in a case
where the beam pattern index is 7 or 8 are defined.

[0146]

The set value defined in the table TB91 is, for example, used for
controlling the amplitudes and the phases of the transmission signals
passed through the signal paths R11 and the amplitudes and the phases of
the reception signals passed through the signal paths R12 of each
transmission/reception units 12a to 12d in the phased array antenna 1
shown in Fig. 1. That is, the table TB91 is shared between the signal paths
R11 and R12, in relation to the beam pattern indexes 1 to 6.

[0147]

The set value defined in the table TB92 is, for example, used for
controlling the amplitudes and the phases of the transmission signals
passed through the signal paths R11 of each transmission/reception units
12a to 12d in the phased array antenna 1 shown in Fig. 1. The set value
defined in the table TB93 is, for example, used for controlling the
amplitudes and the phases of the reception signals passed through the
signal paths R12 of each transmission/reception units 12a to 12d in the
phased array antenna 1 shown in Fig. 1.

[0148]

As described, in this example, the set values are shared in relation to six

beam pattern indexes (i.e., the beam pattern indexes 1 to 6) among the

beam pattern indexes 1 to 8. However, the configuration shown in Fig. 11
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is merely a one example, and the number of the beam pattern indexes in
which the set values are shared is not limited to six, the number may be any
of one to five or seven.

[Reference Signs List]

[0149]

1, 2 Phased array antenna

l1ato 11d Antenna element

16a to 16d Antenna element

22,26 Amplitude and phase controller

M Memory

24 Switch

R11, R12 Signal path

R21 to R24 Signal path
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CLAIMS

1. A phased array antenna comprising:

a plurality of antenna elements;

a plurality of signal paths that are connected to each of the antenna
elements;

a storage unit configured to store a set value of at least one of
amplitude or phase of a signal passed through at least one predefined
reference path among the plurality of signal paths with regard to at least
one of the antenna elements, the set value for at least one of antenna beam
patterns to be set; and

an amplitude and phase control unit configured to control at least
one of the amplitude or the phase of the signal passed through the reference
path connected to the antenna element that the set value thereof is stored in
the storage unit, by using the set value stored in the storage unit,
and configured to control amplitude or phase of a signal passed through the
signal path other than the reference path connected to the antenna element

by using the set value stored in the storage unit.

2. The phased array antenna according to claim 1, wherein
the storage unit is configured to store the set values for all of the

antenna elements.

3. The phased array antenna according to claim 1, wherein

the storage unit further stores an inter-path error between the
reference path and the signal path other than the reference path, and

the amplitude and phase control unit controls at least one of the

amplitude or the phase of the signal passed through the signal path other
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than the reference path, by using a corrected set value obtained by

correcting the set value stored in the storage unit by the inter-path error.

4. The phased array antenna according to claim 3, wherein
the storage unit stores a plurality of the inter-path errors, and
the amplitude and phase control unit selects one of the inter-path

errors depending on the antenna beam patterns to be set.

5. The phased array antenna according to claim 1, wherein the
plurality of signal paths include:

transmission signal paths through which a plurality of transmission
signals transmitted from each of the antenna elements are passed, and

reception signal paths through which a plurality of reception signals

received by each of the antenna elements are passed.

6. The phased array antenna according to claim 1, wherein the
plurality of signal paths include:

a first transmission signal path through which a transmission signal,
which is transmitted as a signal in a first polarization state from each of the
antenna elements, is passed,

a first reception signal path through which a reception signal, which
1s obtained by receiving the signal in the first polarization state by each of
the antenna elements, is passed,

a second transmission signal path through which a transmission
signal, which is transmitted as a signal in a second polarization state from

each of the antenna elements, is passed, and
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a second reception signal path through which a reception signal,
which is obtained by receiving the signals in the second polarization state

by each of the antenna elements, is passed.

7. The phased array antenna according to claim 1, further
comprising:

a switching unit configured to sequentially switch the signal paths.

8. The phased array antenna according to claim 1, wherein the set
values are provided as many as the number of the antenna beam patterns to

be set.

9. The phased array antenna according to claim 1, wherein the set

values are provided only for part of the antenna beam patterns to be set.

10. A phased array antenna comprising:

a plurality of antenna elements;

a first transmission signal path through which a transmission signal,
which is transmitted as a signal in a first polarization state from each of the
antenna clements, is passed;

a first reception signal path through which a reception signal, which
1s obtained by receiving the signal in the first polarization state by each of
the antenna elements, is passed;

a second transmission signal path through which a transmission
signal, which is transmitted as a signal in a second polarization state from

each of the antenna elements, is passed;
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a second reception signal path through which a reception signal,
which is obtained by receiving the signal in the second polarization state by
each of the antenna elements, is passed;

a storage unit configured to store a first set value and a second set
value for all of the antenna beam patterns to be set with regard to all of the
antenna elements, the first set value being a set value of at least one of an
amplitude or a phase of any one of the transmission signal passed through
the first transmission signal path and the reception signal passed through
the first reception signal path, the second set value being a set value of at
least one of an amplitude or a phase of any one of the transmission signal
passed through the second transmission signal path and the reception signal
passed through the second reception signal path; and

an amplitude and phase control unit configured to control at least
one of the amplitudes or the phases of the transmission signal passed
through the first transmission signal path and the reception signal passed
through the first reception signal path, by using the first set value stored in
the storage unit, and configured to control at least one of the amplitudes or
the phases of the transmission signal passed through the second
transmission signal path and the reception signal passed through the second
reception signal path, by using the second set value stored in the storage

unit.
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