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(54) SUB-ARRAY ANTENNA DEVICE

(57)  Asub-array antennadeviceincludes anantenna
array formed by a plurality of sub-arrays including a
plurality of radiating elements, an IC that supplies RF
signals to the plurality of sub-arrays, and a substrate on
which the plurality of sub-arrays and the IC are provided.

The sub-array antenna device is capable of tilting a peak
direction of electromagnetic waves radiated from the
antenna array with respect to a direction orthogonal to
the substrate.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a sub-array
antenna device.
[0002] Priority is claimed on Japanese Patent Applica-

tion No. 2023-111795, filed July 6, 2023, the content of
which is incorporated herein by reference.

BACKGROUND ART

[0003] In the field of high-speed wireless communica-
tion, antenna devices provided to enable beam forming
have been used. For example, Patent Document 1 dis-
closes an array antenna device that forms a directional
beam in which the direction can be controlled. The array
antenna device is installed, for example, on a ceiling, a
wall, or the like.

Citation List
Patent Document

[0004] Patent Document 1: Japanese Unexamined
Patent Application, First Publication No. 2023-39310

SUMMARY OF INVENTION
Technical Problem

[0005] Inthe array antenna device, it may be difficult to
set aradiation direction of a beam with a large inclination.
[0006] An object of one aspect of the presentinvention
is to provide a sub-array antenna device capable of
setting a radiation direction of a beam with a large in-
clination.

Solution to Problem

[0007] According to a first aspect of the present inven-
tion, a sub-array antenna device includes: an antenna
array formed by a plurality of sub-arrays including a
plurality of radiating elements; an IC configured to supply
RF signals to the plurality of sub-arrays; and a substrate
on which the plurality of sub-arrays and the IC are pro-
vided. A peak direction of electromagnetic waves ra-
diated from the antenna array is capable of tilting with
respect to a direction orthogonal to the substrate.

[0008] According to the first aspect of the present in-
vention, the peak direction of the electromagnetic waves
radiated from the antenna array is a direction inclined with
respect to the direction orthogonal to the substrate.
Therefore, the sub-array antenna device can radiate a
beam inclined at a sufficient angle even when installed
parallel to an installation surface. Accordingly, according
to the usage environment, usage mode, and the like of
the sub-array antenna device, the inclination angle of the
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radiation direction of the beam can be freely set over a
wide range.

[0009] According to a second aspect of the present
invention, in the sub-array antenna device of the first
aspect, phases of RF signals supplied from the IC to
two or more of the plurality of radiating elements consti-
tuting the sub-array may be different from each other.
[0010] According to a third aspect of the present in-
vention, in the sub-array antenna device of the second
aspect, the plurality of radiating elements constituting the
plurality of sub-arrays may be electrically connected to
the IC via afirst signal line and a second signal line,and a
length of the first signal line may be different from a length
of the second signal line.

[0011] According to a fourth aspect of the present
invention, in the sub-array antenna device of any one
of the first to third aspects, the plurality of sub-arrays may
include a first sub-array and a second sub-array different
from the first sub-array. The first sub-array may be con-
figured such that phases of RF signals supplied from the
IC to two or more of the plurality of radiating elements are
different. The second sub-array may be configured such
that phases of RF signals supplied from the IC to two or
more of the plurality of radiating elements are the same.
[0012] According to a fifth aspect of the present inven-
tion, in the sub-array antenna device of the fourth aspect,
the plurality of sub-arrays may be arranged in a rectan-
gular grid pattern, and a plurality of the second sub-arrays
may be arranged along a diagonal line of the antenna
array, which has a rectangular grid pattern.

Advantageous Effects of Invention

[0013] One aspect of the present invention provides a
sub-array antenna device capable of setting a radiation
direction of a beam with a large inclination.

BRIEF DESCRIPTION OF DRAWINGS
[0014]

[FIG. 1] A plan view of a sub-array antenna device
according to a first embodiment.

[FIG. 2] A schematic view showing a first example of
a sub-array of the sub-array antenna device accord-
ing to the first embodiment.

[FIG. 3] A schematic view showing a second exam-
ple of the sub-array of the sub-array antenna device
according to the first embodiment.

[FIG. 4] A schematic view showing a first installation
example of the sub-array antenna device according
to the first embodiment.

[FIG. 5] A schematic view showing a second installa-
tion example of the sub-array antenna device ac-
cording to the first embodiment.

[FIG. 6] A graph showing a radiation pattern of a sub-
array antenna device of Comparative Examples.
[FIG. 7] A graph showing a radiation pattern of the
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sub-array antenna device of Examples.

[FIG. 8] A plan view of a sub-array antenna device
according to a second embodiment.

[FIG. 9] A schematic view showing a sub-array of the
sub-array antenna device according to the second
embodiment.

[FIG. 10] A schematic view showing an installation
example of the sub-array antenna device according
to the second embodiment.

[FIG. 11] A plan view of a sub-array antenna device
according to a third embodiment.

[FIG. 12] A schematic view showing a first sub-array
of the sub-array antenna device according to the
third embodiment.

[FIG. 13] A schematic view showing a second sub-
array of the sub-array antenna device according to
the third embodiment.

[FIG. 14] A schematic view showing an installation
example of the sub-array antenna device according
to the third embodiment.

DESCRIPTION OF EMBODIMENTS

[0015] Hereinafter, a sub-array antenna device ac-
cording to embodiments of the present invention will
be described with reference to the drawings.

[Sub-Array Antenna Device] (First Embodiment)

[0016] FIG. 1is a configuration diagram of a sub-array
antenna device 100 according to a first embodiment.
Hereinafter, the "sub-array antenna device" may be sim-
ply referred to as an "antenna device".

[0017] As shown in FIG. 1, the antenna device 100
includes a plurality of sub-arrays 10, a plurality of ICs 20,
and a substrate 30.

[0018] In the following description, the X direction and
the Y direction are parallel to a first main surface 30a of
the substrate 30. The X direction and the Y direction are
orthogonal to each other. The Z direction is orthogonal to
the X direction and the Y direction. Plan view is seen from
the Z direction. The Y direction is an example of a first
direction. The X direction is an example of a second
direction.

[0019] +Xis one direction along the X direction and is
the right side in FIG. 1. -X is the direction opposite to +X.
+Y is one direction along the Y direction and is the upper
sidein FIG. 1.-Y is the direction opposite to +Y. +Z is one
direction along the Z direction and is the direction on a
front side of the paper in FIG. 1. -Z is the direction
opposite to +Z.

[0020] The sub-array 10 is patterned on the first main
surface 30a of the substrate 30 based on a predeter-
mined arrangement pattern. Consequently, the sub-ar-
ray 10is provided on the substrate 30. The sub-array 10is
formed of a conductive material such as metal (copper or
the like). The sub-array 10 is formed, for example, by an
additive method, a subtractive method, or the like.
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[0021] The plurality of sub-arrays 10 are arranged in a
rectangular grid pattern (matrix pattern) along the X
direction and the Y direction to constitute an antenna
array 11. The plurality of sub-arrays 10 arranged in the Y
direction are formed at intervals in the Y direction. The
plurality of sub-arrays 10 arranged in the X direction are
formed at intervals in the X direction.

[0022] In the example shown in FIG. 1, the antenna
array 11 is composed of a total of 32 sub-arrays 10, with
four arranged in the Y direction and eight arranged in the
X direction. That is, the antenna array 11 is composed of
sub-arrays 10 arranged in a rectangular grid pattern
(matrix pattern) of four rows and eight columns. The four
sub-arrays 10 arranged in the Y direction constitute a
sub-array column 10Y. The antenna array 11 includes
eight sub-array columns 10Y. The eight sub-arrays 10
arranged in the X direction constitute a sub-array row
10X. The antenna array 11 includes four sub-array rows
10X.

[0023] The plurality of sub-arrays 10 include afirst sub-
array group 10A, a second sub-array group 10B, a third
sub-array group 10C, and a fourth sub-array group 10D.
[0024] The first sub-array group 10A includes a plur-
ality of sub-arrays 10 located on the +Y side with respect
to the center and on the -X side with respect to the center.
Thatis, the first sub-array group 10A is composed of eight
sub-arrays 10 included in two sub-array rows 10X from
the top and four sub-array columns 10Y from the left in
FIG. 1.

[0025] The second sub-array group 10B includes a
plurality of sub-arrays 10 located on the +Y side with
respect to the center and on the +X side with respect to
the center. That is, the second sub-array group 10B is
composed of eight sub-arrays 10 included in two sub-
array rows 10X from the top and four sub-array columns
10Y from the right in FIG. 1.

[0026] The third sub-array group 10C includes a plur-
ality of sub-arrays 10 located on the -Y side with respect
to the center and on the -X side with respect to the center.
That is, the third sub-array group 10C is composed of
eight sub-arrays 10 included in two sub-array rows 10X
from the bottom and four sub-array columns 10Y from the
left in FIG. 1.

[0027] The fourth sub-array group 10D includes a plur-
ality of sub-arrays 10 located on the -Y side with respect
tothe center and on the +X side with respect to the center.
That is, in FIG. 1, the fourth sub-array group 10D is
composed of eight sub-arrays 10 included in two sub-
array rows 10X from the bottom and four sub-array
columns 10Y from the right.

[0028] The IC 20 is an integrated circuit (IC) that
processes a radio frequency (RF) signal. The IC 20 is
mounted, for example, on a surface of the substrate 30
opposite to the first main surface 30a. Consequently, the
IC 20 is provided on the substrate 30. The IC 20 supplies
an RF signal to a radiating element 12 via a signal line 13
(refer to FIG. 2). The IC 20 is, for example, a beam
forming IC (BFIC).
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[0029] In the example shown in FIG. 1, the antenna
device 100 includes four ICs 20. The four ICs 20 are
arranged in a rectangular grid pattern (matrix pattern),
with two arranged in the Y direction and two arranged in
the X direction. The four ICs 20 are first to fourth ICs 20A
to 20D. The first IC 20A is electrically connected to each
of the plurality of sub-arrays 10 included in the first sub-
array group 10A. The second IC 20B is electrically con-
nected to each of the plurality of sub-arrays 10 included in
the second sub-array group 10B. The third IC 20C is
electrically connected to each of the plurality of sub-
arrays 10 included in the third sub-array group 10C.
The fourth IC 20D is electrically connected to each of
the plurality of sub-arrays 10 included in the fourth sub-
array group 10D.

[0030] FIG. 2 is a schematic view showing a first ex-
ample of the sub-array 10. As shown in FIG. 2, in this
example, the sub-array 10 includes two radiating ele-
ments 12 arranged in the Y direction and the signal line
13.

[0031] The radiating element 12 is formed in a rectan-
gular shape. The radiating element 12 includes a pair of
sides along the X direction and a pair of sides along the Y
direction. The two radiating elements 12 constituting the
sub-array 10 are formed adjacent to each other at an
interval in the Y direction. One of the two radiating ele-
ments 12 is a first radiating element 12A. The other of the
two radiating elements 12 is a second radiating element
12B. The second radiating element 12B is located on the
+Y side with respect to the first radiating element 12A.
[0032] The signalline 13 includes a main line 14, afirst
branch line (first signal line) 15, and a second branch line
(second signal line) 16. A proximal end 14a (first end) of
the main line 14 is electrically connected to the IC 20. The
first branch line 15 and the second branch line 16 are
branch lines that branch from a distal end 14b (a second
end which is an end opposite to the first end) of the main
line 14. The distal end 14b of the main line 14 is not
located at a midpoint between the first radiating element
12A and the second radiating element 12B in the Y
direction. In the example shown in FIG. 2, the distal
end 14b of the main line 14 is located on the -Y side with
respect to the midpoint between the first radiating ele-
ment 12A and the second radiating element 12B.
[0033] The first branch line 15 extends from the distal
end 14b of the main line 14 and reaches the first radiating
element 12A. The first radiating element 12A is electri-
cally connected to the IC 20 via the main line 14 and the
first branch line 15.

[0034] The first branch line 15 has an L-shape and
includes a first line 15A along the Y direction and a
second line 15B along the X direction. The first line
15A extends linearly from the distal end 14b of the main
line 14 toward the -Y side. The second line 15B extends
linearly from a distal end of the first line 15A on the -Y side
toward the -X side. L1 is alength of the first branch line 15.
[0035] The second branch line 16 extends from the
distal end 14b of the main line 14 and reaches the second
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radiating element 12B. The second radiating element
12B is electrically connected to the IC 20 via the main
line 14 and the second branch line 16.

[0036] The second branch line 16 has an L-shape and
includes a first line 16A along the Y direction and a
second line 16B along the X direction. The first line
16A extends linearly from the distal end 14b of the main
line 14 toward the +Y side. The second line 16B extends
linearly from a distal end of the firstline 16A on the +Y side
toward the -X side. L2 is alength of the second branchline
16.

[0037] Thesecondbranchline 16islongerthan thefirst
branch line 15. That is, the length L2 > the length L1.
Therefore, the signal line from the IC 20 to the second
radiating element 12B is longer than the signal line from
the IC 20 to the firstradiating element 12A. Consequently,
the phase of the RF signal supplied from the IC 20 to the
first radiating element 12A is different from the phase of
the RF signal supplied from the IC 20 to the second
radiating element 12B. In other words, the phases of
the RF signals supplied from the IC 20 to the two radiating
elements 12 are different from each other.

[0038] The difference in length (L2 - L1) between the
first branch line 15 and the second branch line 16 can be
determined, for example, such that a phase difference
corresponding to 1/8 to 1/2 (for example, 1/4 to 1/2) of the
design wavelength of the RF signal is generated. The
difference between the phase of the RF signal supplied
from the IC 20 to the first radiating element 12A and the
phase of the RF signal supplied from the IC 20 to the
second radiating element 12B is, for example, 45 de-
grees to 180 degrees (preferably 60 degrees to 180
degrees). In other words, the difference in phase of the
RF signals supplied from the IC 20 to the two radiating
elements 12 (12A and 12B)is, forexample, 45 degrees to
180 degrees (preferably 60 degrees to 180 degrees).
[0039] The radiating elements 12 (12A and 12B) re-
ceive the RF signals supplied from the signal line 13 and
radiate electromagnetic waves.

[0040] FIG. 3 is a schematic view showing a second
example of the sub-array 10. As shown in FIG. 3, in this
example, the sub-array 10 includes two radiating ele-
ments 12 arranged in the Y direction and a signal line 23.
The same reference numerals are assigned to the com-
mon configurations to the first example (refer to FIG. 2),
and the description thereof will be omitted.

[0041] The signal line 23 includes the main line 14, a
firstbranch line (first signal line) 25, and a second branch
line (second signal line) 26. The first branch line 25 and
the second branch line 26 are branch lines that branch
from the distal end 14b (the second end which is the end
opposite to the firstend) ofthe mainline 14. The distal end
14b of the main line 14 is located at the midpoint between
the first radiating element 12A and the second radiating
element 12B in the Y direction.

[0042] The first branch line 25 extends from the distal
end 14b of the main line 14 and reaches the first radiating
element 12A. The first radiating element 12A is electri-
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cally connected to the IC 20 via the main line 14 and the
first branch line 25.

[0043] The first branch line 25 has an L-shape and
includes a first line 25A along the Y direction and a
second line 25B along the X direction. The first line
25A linearly extends from the distal end 14b of the main
line 14 toward the -Y side. The second line 25B extends
linearly from a distal end of the firstline 25A on the -Y side
toward the -X side. L3 is alength of the firstbranch line 25.
[0044] The second branch line 26 extends from the
distal end 14b of the main line 14 and reaches the second
radiating element 12B. The second radiating element
12B is electrically connected to the IC 20 via the main
line 14 and the second branch line 26.

[0045] The second branch line 26 includes a first line
26A, a second line 26B, a third line 26C, and a fourth line
26D. Thefirstline 26A extends linearly from the distal end
14b of the main line 14 toward the +Y side. The second
line 26B extends linearly from a distal end of the first line
26A on the +Y side toward the +X side. The third line 26C
extends linearly from a distal end of the second line 26B
on the +X side toward the +Y side. The fourth line 26D
extends linearly from a distal end of the third line 26C on
the +Y side toward the -X side. L4 is alength of the second
branch line 26.

[0046] Thesecondbranchline26islongerthanthefirst
branch line 25. That is, the length L4 > the length L3.
Therefore, the signal line from the IC 20 to the second
radiating element 12B is longer than the signal line from
the IC 20 to the firstradiating element 12A. Consequently,
the phase of the RF signal supplied from the IC 20 to the
first radiating element 12A is different from the phase of
the RF signal supplied from the IC 20 to the second
radiating element 12B. In other words, the phases of
the RF signals supplied from the IC 20 to the two radiating
elements 12 are different from each other.

[0047] The difference in length (L4 - L3) between the
first branch line 25 and the second branch line 26 can be
determined, for example, such that a phase difference
corresponding to 1/8 to 1/2 (for example, 1/4 to 1/2) of the
design wavelength of the RF signal is generated. The
difference between the phase of the RF signal supplied
from the IC 20 to the first radiating element 12A and the
phase of the RF signal supplied from the IC 20 to the
second radiating element 12B is, for example, 45 de-
grees to 180 degrees (preferably 60 degrees to 180
degrees). In other words, the difference in phase of the
RF signals supplied from the IC 20 to the two radiating
elements 12 (12A and 12B) s, for example, 45 degrees to
180 degrees (preferably 60 degrees to 180 degrees).
[0048] The radiating elements 12 (12A and 12B) re-
ceive the RF signals supplied from the signal line 23 and
radiate electromagnetic waves.

[0049] FIG. 4 is a schematic view showing a first in-
stallation example of the antenna device 100. FIG. 4
shows an example in which the antenna device 100 is
installed on a ceiling. As shown in FIG. 4, the antenna
device 100 is installed on a top surface 1a (installation
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surface) of a ceiling 1. The top surface 1aiis, for example,
a horizontal surface. The substrate 30 is oriented parallel
to the top surface 1a. V1 is a perpendicular line orthogo-
nal to the top surface 1a and the substrate 30 (first main
surface 30a). Reference numeral 101 is electromagnetic
waves radiated from the antenna array 11. R1 indicates a
peak direction of the electromagnetic waves 101 (adirec-
tionin which the gainis highest). The peak direction of the
electromagnetic waves 101 is, for example, a direction of
a central axis of the electromagnetic waves 101.
[0050] Inthe antennadevice 100, the phases of the RF
signals supplied to the two radiating elements 12 con-
stituting the sub-array 10 are different from each other
(refer to FIGS. 2 and 3). Therefore, the peak direction R1
of the electromagnetic waves 101 radiated from the
radiating elements 12 is a direction inclined with respect
tothe perpendicularline V1. Aninclination angle A1 ofthe
peak direction R1 with respect to the perpendicular line
V1 is, for example, greater than 0 degrees and 60 de-
grees or less. The inclination angle A1 may be 10 de-
grees or greater and 50 degrees or less.

[0051] FIG. 5 is a schematic view showing a second
installation example of the antenna device 100. FIG. 5
shows an example in which the antenna device 100 is
installed onawall. As shownin FIG. 5, the antenna device
100 is installed on a wall surface 2a (installation surface)
of a wall 2. The wall surface 2a is perpendicular to, for
example, a horizontal surface. The substrate 30 is or-
iented parallel to the wall surface 2a. V2 is a perpendi-
cular line orthogonal to the wall surface 2a and the sub-
strate 30. R2 indicates the peak direction of the electro-
magnetic waves 101 (the direction in which the gain is
highest).

[0052] Inthe antennadevice 100, the phases of the RF
signals supplied to the two radiating elements 12 con-
stituting the sub-array 10 are different from each other
(refer to FIGS. 2 and 3). Therefore, the peak direction R2
of the electromagnetic waves 101 radiated from the
radiating elements 12 is a direction inclined with respect
tothe perpendicularline V2. Aninclination angle A2 of the
peak direction R2 with respect to the perpendicular line
V2 is, for example, greater than 0 degrees and 60 de-
grees or less. The inclination angle A2 may be 10 de-
grees or greater and 50 degrees or less.

(Comparative Examples)

[0053] In order to clarify the effects of the antenna
device 100, an antenna device according to a compara-
tive embodimentis assumed. In the antenna device of the
comparative embodiment, the lengths of the signal lines
extending from the IC to the two radiating elements
constituting the sub-array 10 are equal to each other.
Therefore, the RF signals supplied from the IC to the two
radiating elements are in the same phase.

[0054] The radiation pattern of the antenna device of
the comparative embodiment was acquired. The inclina-
tion angles of the peak direction of the electromagnetic
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waves with respect to the perpendicular line perpendi-
cularto the installation surface and the substrate were set
to 0 degrees (Example 1), 10 degrees (Example 2), 20
degrees (Example 3), 30 degrees (Example 4), and 40
degrees (Example 5). The results are shown in FIG. 6.
FIG. 6 is a graph showing the radiation pattern of the
antenna device according to the comparative embodi-
ment. C1 shown in FIG. 6 is a trend line passing through
the peaks of the radiation patterns of Examples 1 to 5.

(Examples)

[0055] In the antenna device 100 shown in FIG. 1, the
lengths of the signal lines extending from the IC 20 to the
two radiating elements 12 (12A and 12B) constituting the
sub-array 10 are different from each other. In this Exam-
ple, a difference in phase of the RF signals supplied from
the IC 20 to the two radiating elements 12 (12A and 12B)
is 180 degrees.

[0056] The radiation pattern of the antenna device 100
was acquired. The inclination angles of the peak direction
of the electromagnetic waves with respect to the perpen-
dicular line perpendicular to the installation surface and
the substrate 30 were set to 0 degrees (Example 6), 10
degrees (Example 7), 20 degrees (Example 8), 30 de-
grees (Example 9), and 40 degrees (Example 10). The
results are shown in FIG. 7. FIG. 7 is a graph showing the
radiation pattern of the antenna device 100. C2 shown in
FIG. 7 is a trend line passing through the peaks of the
radiation patterns of Examples 6 to 10. In FIG. 7, for
comparison, the trend line C1 of Comparative Examples
is also shown.

[0057] As shown in FIG. 6, in Comparative Examples,
the radiation patterns exhibit a decrease in gain as the
inclination angle of the peak direction of the electromag-
netic waves increases (refer to the trend line C1).
[0058] Onthe otherhand,in Examples showninFIG.7,
the radiation patterns did not exhibit a decrease in gain,
even when the inclination angle of the peak direction of
the electromagnetic waves increased, as compared with
the radiation patterns in Comparative Examples (refer to
the trend line C2).

[0059] From thisresult, it was found thatin the antenna
device 100, the inclination angles of the peak directions
R1 and R2 can be set to be large while suppressing a
decrease in gain.

[0060] The antennadevice 100 can be used to transmit
and receive electromagnetic waves. The antenna device
100 may be used for one of transmission and reception.
The antenna device 100 can be used as an antenna
device for communication in the field of Internet of Things
(loT) or for high-speed wireless communication such as
Wireless Gigabit (WiGig).

[Effects Achieved by Sub-Array Antenna Device of First
Embodiment]

[0061] The antenna device 100 of the present embodi-
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mentincludes the plurality of sub-arrays 10, the IC 20 that
supplies RF signals to the sub-arrays 10, and the sub-
strate 30 on which the sub-arrays 10 and the IC 20 are
provided. The peak directions R1 and R2 of the electro-
magnetic waves 101 radiated from the antenna array 11
are directions inclined with respect to the perpendicular
lines V1 and V2 (refer to FIGS. 4 and 5). Therefore, the
antenna device 100 can radiate a beam inclined at a
sufficient angle even when installed parallel to the instal-
lation surface. Accordingly, according to the usage en-
vironment, usage mode, and the like of the antenna
device 100, the inclination angle of the radiation direction
of the beam can be freely set over a wide range.
[0062] In the antenna device 100, the peak directions
R1 and R2 of the electromagnetic waves 101 are direc-
tions inclined with respect to the perpendicular lines V1
and V2 due to the difference in phase of the RF signals
supplied to the two radiating elements 12 constituting the
sub-array 10 (refer to FIGS. 4 and 5). Therefore, by
adjusting the phases of the RF signals supplied to the
two radiating elements 12 constituting the sub-array 10,
the peak directions R1 and R2 of the electromagnetic
waves 101 can be freely set. Accordingly, the setting of
the peak directions R1 and R2 of the electromagnetic
waves 101 becomes easy.

[0063] Inthe antennadevice 100, the phases of the RF
signals supplied to the two radiating elements 12 con-
stituting the sub-array are different from each other due to
the difference in length of the signal lines to the two
radiating elements 12. According to this configuration,
the phases of the RF signals supplied to the two radiating
elements 12 can be adjusted with a simple structure.
Accordingly, it is possible to achieve size reduction and
cost reduction of the antenna device 100.

[Sub-Array Antenna Device] (Second Embodiment)

[0064] FIG. 8is a configuration diagram of an antenna
device 200 according to a second embodiment. FIG. 9 is
a schematic view showing a sub-array 210. The same
reference numerals are assigned to the common config-
urations to the antenna device 100 shown in FIG. 1, and
the description thereof will be omitted.

[0065] As shown in FIG. 8, the antenna device 200
includes a plurality of sub-arrays 210, a plurality of ICs
220, and the substrate 30.

[0066] As shown in FIGS. 8 and 9, the sub-array 210
has a configuration in which two sub-arrays 10 (refer to
FIG. 1) adjacent to each other in the X direction in the first
embodiment are electrically connected to each other.
[0067] Specifically, in FIG. 8, the sub-array 10 (refer to
FIG. 1) in the first column from the left in each row and the
sub-array 10 (refer to FIG. 1) in the second column in
each row are electrically connected to each other via a
connection line 17 between the signal lines 13. Conse-
quently, the sub-array 210 is formed.

[0068] Similarly, each of the sub-arrays 10 (refer to
FIG. 1) in the third, fifth, and seventh columns from the
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leftin each row and the sub-arrays 10 adjacent thereto on
the +X side in each row (that is, each of the sub-arrays 10
in the fourth, sixth, and eighth columns) (refer to FIG. 1)
are electrically connected to each other via the connec-
tion line 17 between the signal lines 13. As a result, the
sub-array 210 is formed.

[0069] The plurality of sub-arrays 210 are arrangedina
rectangular grid pattern (matrix pattern) along the X
direction and the Y direction to constitute an antenna
array 211. The antenna array 211 is composed of a total of
16 sub-arrays 210, with four arranged in the Y direction
and four arranged in the X direction.

[0070] The plurality of sub-arrays 210 include a first
sub-array group 210A, a second sub-array group 210B, a
third sub-array group 210C, and a fourth sub-array group
210D.

[0071] The first sub-array group 210A includes four
sub-arrays 210 located on the +Y side with respect to
the center and on the -X side with respect to the center.
The second sub-array group 210B includes four sub-
arrays 210 located on the +Y side with respect to the
center and on the +X side with respect to the center. The
third sub-array group 210C includes four sub-arrays 210
located on the -Y side with respect to the center and on
the -X side with respect to the center. The fourth sub-
array group 210D includes four sub-arrays 210 located
on the -Y side with respect to the center and on the +X
side with respect to the center.

[0072] In the example shown in FIG. 8, the antenna
device 200 includes four ICs 220. The four ICs 220 are
arranged in a rectangular grid pattern (matrix pattern),
with two arranged in the Y direction and two arranged in
the X direction. The four ICs 220 are first to fourth ICs
220A to 220D.

[0073] The first IC 220A is electrically connected to
each of the plurality of sub-arrays 210 included in the first
sub-array group 210A. The second IC 220B is electrically
connected to each of the plurality of sub-arrays 210
included in the second sub-array group 210B. The third
IC 220C is electrically connected to each of the plurality of
sub-arrays 210 included in the third sub-array group
210C. The fourth IC 220D is electrically connected to
each of the plurality of sub-arrays 210 included in the
fourth sub-array group 210D.

[0074] AsshowninFIG. 9, the sub-array 210 includes
a first radiating element group 12C and a second radiat-
ing element group 12D. The first radiating element group
12C and the second radiating element group 12D are
adjacent to each other in the X direction. The first radiat-
ing element group 12C includes two radiating elements
12 (afirst radiating element 12A1 and a second radiating
element 12B1) arranged in the Y direction. The second
radiating element group 12D includes two radiating ele-
ments 12 (a first radiating element 12A2 and a second
radiating element 12B2) arranged in the Y direction.
[0075] In the first radiating element group 12C, the
lengths of a signal line from the IC 220 (refer to FIG. 8)
to the first radiating element 12A1 and a signal line from
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the IC 220 (refer to FIG. 8) to the second radiating
element 12B1 are different from each other. Conse-
quently, the phases of the RF signals supplied from the
IC 220 to the two radiating elements 12A1 and 12B1 are
different from each other. The difference in phase of the
RF signals supplied from the IC 220 to the two radiating
elements 12A1 and 12B1 is, for example, 45 degrees to
180 degrees (preferably 60 degrees to 180 degrees).
[0076] Inthe second radiating element group 12D, the
lengths of a signal line from the IC 220 (refer to FIG. 8) to
the first radiating element 12A2 and a signal line from the
IC 220 (refer to FIG. 8) to the second radiating element
12B2 are different from each other. Consequently, the
phases of the RF signals supplied from the IC 220 to the
two radiating elements 12A2 and 12B2 are different from
each other. The difference in phase of the RF signals
supplied from the IC 220 to the two radiating elements
12A2 and 12B2 is, for example, 45 degrees to 180
degrees (preferably 60 degrees to 180 degrees).
[0077] The phases of the RF signals supplied to the
first radiating elements 12A1 and 12A2 adjacent to each
other in the X direction are different from each other. The
difference in phase of the RF signals supplied from the IC
220 to the two radiating elements 12A1 and 12A2 is, for
example, 45 degrees to 180 degrees (preferably 60
degrees to 180 degrees).

[0078] The phases of the RF signals supplied to the
second radiating elements 12B1 and 12B2 adjacent to
each other in the X direction are different from each other.
The difference in phase of the RF signals supplied from
the IC 220 to the two radiating elements 12B1 and 12B2
is, forexample, 45 degrees to 180 degrees (preferably 60
degrees to 180 degrees).

[0079] Specifically, an example can be given in which
the difference in phase of the RF signals supplied to the
two radiating elements 12A1 and 12B1 in the first radiat-
ing element group 12C is 180 degrees, and the difference
in phase of the RF signals supplied to the two radiating
elements 12A2 and 12B2in the second radiating element
group 12D is 180 degrees.

[0080] The difference in phase of the RF signals sup-
plied to the first radiating elements 12A1 and 12A2 ad-
jacentto each other in the X direction is, for example, 180
degrees. The difference in phase of the RF signals sup-
plied to the second radiating elements 12B1 and 12B2
adjacent to each other in the X direction is, for example,
180 degrees.

[0081] FIG. 10is aschematic view showing an installa-
tion example of the antenna device 200. In the example
shown in FIG. 10, the antenna device 200 is installed on
the top surface 1a (installation surface) of the ceiling 1.
[0082] As shown in FIG. 10, the antenna device 200
can radiate the electromagnetic waves 101 in a plurality
of directions.

[0083] The antenna device 200 of the present embodi-
ment exhibits the same effect as the antenna device 100
(refer to FIG. 1) of the first embodiment.

[0084] Further, the antenna device 200 has an advan-
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tage in that the antenna device 200 can radiate the
electromagnetic waves 101 in multiple directions be-
cause the sub-array 210 includes the plurality of radiating
element groups 12C and 12D.

[Sub-Array Antenna Device] (Third Embodiment)

[0085] FIG. 11is aconfiguration diagram of an antenna
device 300 according to a third embodiment. FIG. 12is a
schematic view showing a first sub-array 210. FIG. 13is a
schematic view showing a second sub-array 310. FIG. 14
is a schematic view showing an installation example of
the antenna device 300. The same reference numerals
are assigned to the common configurations to other
embodiments, and the description thereof will be omitted.
[0086] As shown in FIG. 11, the antenna device 300
includes a plurality of first sub-arrays 210, a plurality of
second sub-arrays 310, a plurality of ICs 220, and the
substrate 30.

[0087] AsshowninFIG. 12, the first sub-array 210 has
the same configuration as the sub-array 210 (referto FIG.
9) in the second embodiment.

[0088] As shown in FIG. 13, in the second sub-array
310, the IC 220 (refer to FIG. 11) supplies the RF signal to
the radiating element 12 via a signal line 313.

[0089] Inthesecondsub-array 310, inthefirstradiating
elementgroup 12C, the lengths of a signalline from the IC
220 (refer to FIG. 11) to the first radiating element 12A1
and a signal line from the IC 220 to the second radiating
element 12B1 are the same. As aresult, the phases of the
RF signals supplied from the IC 220 to the two radiating
elements 12A1 and 12B1 are the same.

[0090] In the second sub-array 310, in the second
radiating element group 12D, the lengths of a signal line
from the IC 220 (refer to FIG. 11) to the first radiating
element 12A2 and a signal line from the IC 220 to the
second radiating element 12B2 are the same. As aresult,
the phases of the RF signals supplied from the IC 220 to
the two radiating elements 12A2 and 12B2 are the same.
[0091] As shown in FIG. 11, the plurality of first sub-
arrays 210 and the plurality of second sub-arrays 310 are
arranged in a rectangular grid pattern (matrix pattern) in
the Xdirection and the Y direction as a whole to constitute
an antenna array 311. The antenna array 311 is com-
posed of a total of 16 sub-arrays 210 and 310, with four
arranged in the Y direction and four arranged in the X
direction.

[0092] Among the 16 sub-arrays constituting the an-
tenna array 311, four sub-arrays arranged along one
diagonal line are the second sub-arrays 310. Specifically,
in FIG. 11, the sub-array in the first column from the right
and the first row from the top is the second sub-array 310.
The sub-array in the second column from the right and the
second row from the top is also the second sub-array 310.
The sub-array in the third column from the right and the
third row from the top is also the second sub-array 310.
The sub-array in the fourth column from the right and the
fourth row from the top is also the second sub-array 310.
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The remaining 12 sub-arrays are the first sub-arrays 210.
[0093] In the antenna device 300, a plurality of sub-
arrays constituting the antenna array 311 include the first
sub-arrays 210 and the second sub-arrays 310.

[0094] In the first sub-array 210, the phases of the RF
signals supplied from the IC 220 to the plurality of radiat-
ing elements 12 are different from each other.

[0095] In the second sub-array 310, the phases of the
RF signals supplied from the IC 220 to the plurality of
radiating elements 12 are the same.

[0096] FIG. 14 isaschematic view showing aninstalla-
tion example of the antenna device 300. In the example
shown in FIG. 14, the antenna device 300 is installed on
the top surface 1a (installation surface) of the ceiling 1.
[0097] AsshowninFIG. 14, inthe antenna device 300,
the electromagnetic waves 101 are radiated by the 12
first sub-arrays 210. Electromagnetic waves 102 are
radiated by the four second sub-arrays 310.

[0098] The antenna device 300 of the present embodi-
ment exhibits the same effect as the antenna device 200
(refer to FIG. 8) of the second embodiment.

[0099] Further, the antenna device 300 can also radi-
ate electromagnetic waves in the direction of the perpen-
dicular line V1 using the second sub-arrays 310, thereby
radiating electromagnetic waves over a wide range.
[0100] The second sub-arrays 310 are arranged in a
single row along a diagonal line of the antenna array 311,
which has a rectangular grid pattern. Therefore, the
second sub-arrays 310 are disposed to be rotationally
symmetrical with respect to the center of the antenna
array 311. In this manner, since the second sub-arrays
310 are disposed without bias in the antenna array 311,
the bias in the radiation direction of the electromagnetic
waves 102 from the second sub-arrays 310 can be re-
duced.

[0101] The technical scope of the present invention is
not limited to the above embodiments, and various mod-
ifications can be made without departing from the gist of
the present invention. For example, in the antenna de-
vices 100 and 200 shown in FIGS. 1 and 8, the number of
radiating elements 12 constituting the sub-arrays 10 and
210 is two or four, but the number of radiating elements
constituting the sub-array is not limited thereto. The
number of radiating elements constituting the sub-array
may be any number of two or more.

[0102] In a case where the number of radiating ele-
ments constituting the sub-array is three or more, the
phases of the RF signals supplied from the IC to the
radiating elements may be different from each other for
two or more of the plurality of radiating elements.
[0103] As shown in FIGS. 2 and 3, in the antenna
device 100, the phases of the RF signals supplied to
the two radiating elements 12 are different from each
other due to differences in the lengths of the signal lines.
However, the method for making the phases of the RF
signals supplied to the two radiating elements 12 different
is not limited thereto. For example, a device (for example,
a phase shifter) that changes the phase of the RF signal
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may be provided in only one of the path from the IC to the
first radiating element or the path from the IC to the
second radiating element. As a result, even in a case
where the lengths of the signal lines from the IC to the two
radiating elements are equal to each other, the phases of
the RF signals supplied to the two radiating elements can
be made different from each other.

[0104] In addition, within a scope not departing from
the gist of the present invention, the components in the
above-described embodiments can be replaced as ap-
propriate with known components, and the above-de-
scribed embodiments and modification examples may be
combined as appropriate.

INDUSTRIAL APPLICABILITY

[0105] One aspect of the present invention provides a
sub-array antenna device capable of setting a radiation
direction of a beam with a large inclination.

REFERENCE SIGNS LIST
[0106]

1a Top surface (installation surface)

2a Wall surface (installation surface)

10, 210 Sub-array

11, 211, 311 Antenna array

12 Radiating element

12A, 12A1, 12A2 First radiating element (radiating
element)

12B, 12B1, 12B2 Second radiating element (radiat-
ing element)

13, 23 Signal line

20,2201C

30 Substrate

100, 200, 300 Antenna device (sub-array antenna
device)

101, 102 Electromagnetic waves

210 First sub-array

310 Second sub-array

R1 Peak direction of electromagnetic waves

V1 Perpendicular line orthogonal to substrate

Claims
1. A sub-array antenna device comprising:

an antenna array formed by a plurality of sub-
arrays including a plurality of radiating elements;
an IC configured to supply RF signals to the
plurality of sub-arrays; and

a substrate on which the plurality of sub-arrays
and the IC are provided,

wherein a peak direction of electromagnetic
waves radiated from the antenna array is cap-
able of tilting with respect to a direction ortho-
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gonal to the substrate.

2. The sub-array antenna device according to Claim 1,
wherein phases of RF signals supplied from the IC to
two or more of the plurality of radiating elements
constituting the sub-array are different from each
other.

3. The sub-array antenna device according to Claim 2,

wherein the plurality of radiating elements con-
stituting the plurality of sub-arrays are electri-
cally connected to the IC via afirst signal line and
a second signal line, and

a length of the first signal line is different from a
length of the second signal line.

4. The sub-array antenna device according to any one
of Claims 1 to 3,

wherein the plurality of sub-arrays include a first
sub-array and a second sub-array different from
the first sub-array,

thefirst sub-array is configured such that phases
of RF signals supplied from the IC to two or more
of the plurality of radiating elements are differ-
ent, and

the second sub-array is configured such that
phases of RF signals supplied from the IC to
two or more of the plurality of radiating elements
are the same.

5. The sub-array antenna device according to Claim 4,

wherein the plurality of sub-arrays are arranged
in a rectangular grid pattern, and

aplurality of the second sub-arrays are arranged
along a diagonal line of the antenna array, which
has a rectangular grid pattern.
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