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(54) PHASED ARRAY ANTENNA AND PHASED ARRAY COMMUNICATION TERMINAL

(67)  The presentdisclosure, which relates to the field

of phased array antennas, provides a phased array an- 1
tenna and a phased array communication terminal, the
phased array antenna comprising a first phased sub-ar-
ray and a second phased sub-array; the first phased 1 —
sub-array comprising a plurality of first antenna units and | 1
the second phased sub-array comprising a plurality of |

second antenna units; the arrangement of the plurality [101] m ‘ e
of first antenna units in the first phased sub-array being i o
different from the arrangement of the plurality of second A0 oy
antenna units in the second phased sub-array; and the B

first phased sub-array and the second phased sub-array /

being randomly arranged in the phased array antenna.

Through such arrangement, a phased array antenna / ,
structure capable of avoiding the occurrence of a grating 10 " 20
lobe can be obtained.
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Description
FIELD OF THE DISCLOSURE

[0001] The present disclosure relates to the field of
phased array antennas, and in particular, to a phased
array antenna and a phased array communication termi-
nal.

BACKGROUND OF THE DISCLOSURE

[0002] A phased array antenna is widely used in vari-
ous scenarios in the field of communications due to its
excellent performance. In the prior art, circularly polar-
ized antenna elements are generally rotated sequentially
to form an array. However, since it is difficult for phase
centers of the antenna elements to coincide with geo-
metric centers of the antenna, the distance between the
phase centers of the antenna elements appears to be
periodic after rotation, and such periodic spacing is great-
er than a distance of half wavelength, resulting in emer-
gence of grating lobes in the array scanning, which se-
riously affects the performance of the phased array.
[0003] In view of this, how to provide a phased array
antenna structure capable of avoiding grating lobes
needs to be solved by those skilled in the art.

SUMMARY OF THE DISCLOSURE

[0004] An object of the present disclosure is to provide
a phased array antenna and a phased array communi-
cation terminal.

[0005] Embodiments of the present disclosure are im-
plemented as follows.

[0006] Inafirstaspect, the presentdisclosure provides
a phased array antenna including a first phased sub-ar-
ray and a second phased sub-array.

[0007] The first phased sub-array includes a plurality
of first antenna units, and the second phased sub-array
includes a plurality of second antenna units.

[0008] The arrangement of the plurality of firstantenna
units in the first phased sub-array is different from the
arrangement of the plurality of second antenna units in
the second phased sub-array.

the first phased sub-array and the second phased sub-
array are randomly arranged in the phased array anten-
na.

[0009] In an optional implementation, the first phased
sub-array includes a first number of first antenna units
and the second phased sub-array includes a second
number of second antenna units, the first number being
smaller than the second number.

[0010] In an optional implementation, the first phased
sub-array includes three first antenna units, and the sec-
ond phased sub-array includes four second antenna
units.

[0011] Inan optionalimplementation, the three first an-
tenna units of the first phased sub-array are arranged
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with rotations of 0°, 120°, and 240°, respectively;

The four second antenna units included in the second
phased sub-array are arranged with rotations of 0°, 90°,
180°, and 270°, respectively.

[0012] Inanoptionalimplementation, the phased array
antenna further comprises a third phased sub-array, the
third phased sub-array comprising a plurality of third an-
tenna units.

[0013] The arrangement of the plurality of first antenna
units in the first phased sub-array, the arrangement of
the plurality of second antenna units in the second
phased sub-array, and the arrangement of the plurality
of third antenna units in the third phased sub-array are
different from one another.

[0014] In an optional implementation, the third phased
sub-array includes a third number of third antenna units.
[0015] The second number is smaller than the third
number.

[0016] Inan optional implementation, the third phased
sub-array includes eight third antenna units.

[0017] The eight third antenna units included in the
third phased sub-array are arranged with rotations of 0°,
45°,90°, 135°, 180°, 225°, 270°, and 315°, respectively.
[0018] Inan optionalimplementation, the phased array
antenna further comprises a fourth phased sub-array,
the fourth phased sub-array being configured to fill other
positions of the phased array antenna than the first
phased sub-array, the second phased sub-array, and the
third phased sub-array.

[0019] Inanoptionalimplementation, the phased array
antenna further comprises a radio frequency active chan-
nel; the radio frequency active channel and the first
phased sub-array, and the radio frequency active chan-
nel and the second phased sub-array are both integrated
into the phased array antenna through a multi-layer PCB
processing process.

[0020] Ina second aspect, the present disclosure pro-
vides a phased array communication terminal comprising
a radio frequency unit and a phased array antenna of
any one of the preceding implementations, the radio fre-
quency unit and the phased array antenna being com-
municatively connected.

[0021] The beneficial effects of the embodiments of
present disclosure are as follows. The present disclosure
provides a phased array antenna and a phased array
communication terminal, the phased array antenna in-
cluding a first phased sub-array and a second phased
sub-array, the first phased sub-array including a plurality
of first antenna units, the second phased sub-array in-
cluding a plurality of second antenna units, the arrange-
ment of the plurality of first antenna units in the first
phased sub-array being different from that of the plurality
of second antenna units in the second phased sub-array,
and the first phased sub-array and the second phased
sub-array being randomly arranged in the phased array
antenna. By ingeniously laying out the first phased sub-
array and the second phased sub-array, a phased array
antenna structure capable of avoiding the occurrence of
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a grating lobe can be obtained.
BRIEF DESCRIPTION OF THE DRAWINGS

[0022] In order to more clearly illustrate the technical
solutions of the embodiments of the present disclosure,
the accompanying drawings to be used in the embodi-
ments will be briefly introduced below. It should be un-
derstood that the following figures are only illustrative of
certain embodiments of the present disclosure, and
therefore should not be regarded as limiting to its scope.
For those skilled in the art, other related drawings could
also be obtained from these drawings without exercise
of any ingenuity.

FIG. 1 is a schematic block diagram of the structure
of a phased array antenna according to an embod-
iment of the present disclosure;

FIG. 2 is a schematic structural diagram of a first
phased sub-array according to an embodiment of
the present disclosure;

FIG. 3 is a schematic structural diagram of a second
phased sub-array according to an embodiment of
the present disclosure;

FIG. 4 is a schematic structural diagram of a third
phased sub-array according to an embodiment of
the present disclosure; and

FIG. 5 is a schematic diagram of a partial structure
of a phased array antenna according to an embod-
iment of the present disclosure.

DETAILED IMPLEMENTATION OF THE DISCLO-
SURE

[0023] Inorderto make the objects, technical solutions
and advantages of the embodiments of the present dis-
closure clearer, the technical solutions in the embodi-
ments of the present disclosure will be clearly and com-
pletely described below in conjunction with the accom-
panying drawings. Apparently, the embodiments de-
scribed herein are some, but not all, embodiments of the
presentdisclosure. The components in the embodiments
of the present disclosure described and illustrated herein
may generally be arranged and designed in a variety of
different configurations.

[0024] Accordingly, the following detailed description
ofthe embodiments of the present disclosure as provided
in the accompanying drawings is not intended to limit the
scope of the present disclosure, but merely to indicate
selected embodiments of the present disclosure. Based
on the embodiments in the present disclosure, all other
embodiments obtained without exercise of ingenuity by
a person of ordinary skill in the art fall within the scope
of protection of the present disclosure.

[0025] It should be noted that like reference numerals
and letters refer to like items in the following figures, and
thus, once an item is defined in one figure, it need not be
further defined and explained in subsequent ones.

10

15

20

25

30

35

40

45

50

55

[0026] In the description of the present disclosure, it
should be noted that an orientation or a positional rela-
tionship indicated by such terms as "center", "upper”,
"lower", "left", "right", "vertical", "horizontal", "inner", "out-
er", and the like, if any, is based on that shown in the
drawings, or that of the product of the present disclosure
as itis in use. This is only for ease and simplicity of de-
scription, without indicating or implying that the device or
the element referred to must have a specific orientation,
or be constructed and operated in a particular orientation,
and thus it should not be construed as limiting to the
present disclosure. Moreover, the terms "first", "second"”,
"third" and the like, if any, are used solely to distinguish
one from another and are not to be construed as indicat-
ing or implying relative importance.

[0027] Furthermore, the terms "horizontal", "vertical"
and the like do not imply that a component is absolutely
horizontal or vertical, but may be slightly tilted. For ex-
ample, "horizontal" only means that its direction is more
horizontal relative to "vertical", rather than meaning that
the structure must be completely horizontal, but may be
slightly tilted.

[0028] In the description of the present disclosure, it
should also be noted that, unless otherwise expressly
specified or defined, the terms "arranged”, "mounted”,
"interconnected", "connected" and the like are to be in-
terpreted broadly. For example, it may be a fixed con-
nection, a detachable connection, or an integral connec-
tion; it may be a mechanical connection or an electrical
connection; it may be a direct connection, or an indirect
connection through an intermediary, or an internal com-
munication of two elements. For a person of ordinary skill
in the art, the specific meanings of these terms in the
present disclosure may be understood in specific con-
texts.

[0029] Referring to FIG. 1, an embodiment of the
present disclosure provides a phased array antenna 1
comprising a first phased sub-array 10 and a second
phased sub-array 20.

[0030] The first phased sub-array 10 includes a plural-
ity of firstantenna units 101, and the second phased sub-
array 20 includes a plurality of second antenna units 201.
[0031] The arrangement of the plurality of first antenna
units 101 in the first phased sub-array 10 is different from
the arrangement of the plurality of second antenna units
201 in the second phased sub-array 20.

[0032] The first phased sub-array 10 and the second
phased sub-array 20 are randomly arranged in the
phased array antenna 1.

[0033] In the embodiment of the present disclosure,
the phased array antenna 1 is composed of a large
number of antenna units, and the above two kinds of
phased sub-arrays comprising a plurality of antenna units
respectively are proposed. By setting the arrangement
of the plurality of firstantenna units 101 in the first phased
sub-array 10 differently from the arrangement of the plu-
rality of second antenna units 201 in the second phased
sub-array 20, as well as by randomly arranging the first
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phased sub-array 10 and the second phased sub-array
20 in the phased-array antenna 1, it is possible to make
the arrangement of and distance between phase centers
and geometrical canters of the antenna units involved
irregular, i.e., to eliminate the periodicity due to offsets
of the phase centers from the geometrical canters, thus
avoiding the formation of grating lobes.

[0034] In order to elucidate the solution provided by
the embodiment of the present disclosure, the first
phased sub-array 10 comprises a first number of first
antenna units 101, and the second phased sub-array 20
comprises a second number of second antenna units
201, the first number being smaller than the second
number.

[0035] Inordertoachieve the aforementioned purpose
of avoiding the formation of grating lobes, in addition to
requiring a different and random arrangement of the plu-
rality of firstantenna units 101 and the plurality of second
antenna units 201 included in the first phased sub-array
10 and the second phased sub-array 20 per se, the
number of antenna units included in the first phased sub-
array 10 and the second phased sub-array 20 may also
be limited to be different, which effectively eliminates, in
the phased array antenna 1 having a large number of
antenna units, the possible occurrence of a small number
of periodic offsets between phase centers and geometric
centers even with a random arrangement, and thus the
formation of grating lobes.

[0036] On this basis, further referring to FIGS. 2 and
3, the first phased sub-array 10 comprises three first an-
tenna units 101, and the second phased sub-array 20
comprises four second antenna units 201. The three first
antenna units 101 of the first phased sub-array 10 are
arranged with rotations of 0°, 120°, and 240°, respective-
ly. The four second antenna units 201included in the sec-
ond phased sub-array 20 are arranged with rotations of
0°, 90°, 180°, and 270°, respectively.

[0037] In order to describe the solutions provided in
the embodiments of the present disclosure more clearly,
the embodiments of the present disclosure have pro-
posed a specific number and arrangement of the first
antenna units 101 included in the first phase control sub-
array 10, and a specific number and arrangement of the
second antenna units 201 included in the second phase
control sub-array 20. It should be appreciated that the
first phased sub-array 10 and the second phased sub-
array 20 may be arranged in the phased array antenna
1 through any scheme of splicing and combining, without
limitation herein.

[0038] As an alternative embodiment, the phased ar-
ray antenna 1 further comprises a third phased sub-array
30, the third phased sub-array 30 comprising a plurality
of third antenna units 301. The arrangement of the plu-
rality of first antenna units 101 in the first phased sub-
array 10, the arrangement of the plurality of second an-
tenna units 201 in the second phased sub-array 20, and
the arrangement of the plurality of third antenna units 301
in the third phased sub-array 30 are all different.
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[0039] As previously stated, in order to ensure that no
grating lobe will be formed, a third phase control sub-
array 30 may also be added, and at the same time, in
order to ensure that there is no periodic offset between
phase centers and geometric centers of the antenna units
due to randomness, the arrangement of the plurality of
third antenna units 301 in the third phase control sub-
array 30 is different both from the arrangement of the
plurality of firstantenna units 101 in the first phase control
sub-array 10, and from the arrangement of the plurality
of second antenna units 201 in the second phased sub-
array 20.

[0040] As an alternative embodiment, referring to FIG.
4, the third phased sub-array 30 includes a third number
of third antenna units 301; the second number is smaller
than the third number. In order to describe the solution
provided by the embodiment of the present disclosure
more clearly, the third phased sub-array 30 comprises
eight third antenna units 301; the eight third antenna units
301 comprised in the third phased sub-array 30 are ar-
ranged with rotations of 0°, 45°, 90°, 135°, 180°, 225°,
270°, and 315°, respectively.

[0041] In the embodiment of the present disclosure,
the arrangement of the first phased sub-array 10, the
second phased sub-array 20, and the third phased sub-
array 30 in the phased array antenna 1 may be random.
By means of the above arrangement, the first phased
sub-array 10, the second phased sub-array 20, and the
third phased sub-array 30, on the basis that the antenna
units included in themselves have regular rotations to
realize respective functions, are not similar to each other,
and a regular arrangement of antenna units is not pos-
sible by simple combination, thereby enabling further as-
surance that no grating lobes will be formed.

[0042] As an alternative embodiment, referring to FIG.
5, the phased array antenna 1 further comprises a fourth
phased sub-array 40, the fourth phased sub-array 40 be-
ing configured to fill other positions of the phased array
antenna 1 than the first phase control sub-array 10, the
second phase control sub-array 20, and the third phase
control sub-array 30.

[0043] It should be understood that in the foregoing
embodiments, the first phased array 10, the second
phased array 20 and the third phased array 30, when
randomly combined together, are not perfectly matched,
i.e., there is necessarily a gap between the first phase
control sub-array 10, the second phase control sub-array
20 and the third phase control sub-array 30, which may
be filled with the fourth phased sub-array 40,s0 as to
obtain a complete phased array antenna 1. There is no
limitation on the number of the fourth phased sub-arrays
40, which may be one or two, for example. As shown in
FIG. 5, a portion of a 4*5 phased array antenna 1 may
be formed by two first phased sub-arrays 10, one second
phased sub-array 20, one third phased sub-array 30, and
afourth phased sub-array 40 including two antenna units.
[0044] As an alternative embodiment, the phased ar-
ray antenna 1 further comprises a radio frequency active
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channel; the radio frequency active channel and the first
phased sub-array 10, and the radio frequency active
channel and the second phased sub-array 20 are both
integrated into the phased array antenna 1 through a
multi-layer PCB processing process.

[0045] In the embodiments of the present disclosure,
the radio frequency active channel, the first phased-con-
troller sub-array 10, the second phased-controller sub-
array 20, the third phased-controller sub-array 30, and
the fourth phased-controller sub-array 40 that are inte-
grated through a multi-layer PCB processing process are
lightweight and thin, and can be used to prepare com-
munication devices that require a low profile, lightweight,
small size and the like.

[0046] An embodiment of the present disclosure pro-
vides a phased array communication terminal comprising
a radio frequency unit and the aforementioned phased
array antenna 1, the radio frequency unit and the phased
array antenna 1 being communicatively connected.
[0047] Using the foregoing phased array antenna 1, a
phased array communication terminal may be formed by
combining with components such as a radio frequency
unit, a communication unit and a control unit, which may
be a terminal product in the field of microwave and mil-
limeter wave applications such as phased array commu-
nications and radars.

[0048] In summary, the present disclosure provides a
phased array antenna and a phased array communica-
tion terminal, the phased array antenna comprising a first
phased array and a second phased array; the first phased
array comprising a plurality of first antenna units, and the
second phased array comprising a plurality of second
antenna units; the arrangement of the plurality of first
antenna units in the first phased sub-array is different
from the arrangement of the plurality of second antenna
units in the second phased sub-array; the first phased
sub-array and the second phased sub-array are random-
ly arranged in the phased array antenna. By ingeniously
laying out the first phased sub-array and the second
phased sub-array, a phased array antenna structure ca-
pable of avoiding the occurrence of a grating lobe can
be obtained.

[0049] The foregoing are only preferred embodiments
of the present disclosure, which are not intended to limit
the present disclosure but are subject to various modifi-
cations or changes for those skilled in the art. Any mod-
ifications, equivalent substitutions, improvements or the
like made within the spirit and principle of the present
disclosure shall be included in the scope of present dis-
closure.

Claims

1. A phased array antenna, comprising a first phased
sub-array and a second phased sub-array,

wherein the first phased sub-array includes a
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plurality of first antenna units, and the second
phased sub-array includes a plurality of second
antenna units;

wherein the arrangement of the plurality of first
antenna units in the first phased sub-array is dif-
ferent from the arrangement of the plurality of
second antenna units in the second phased sub-
array;

and wherein the first phased sub-array and the
second phased sub-array are randomly ar-
ranged in the phased array antenna.

The phased array antenna according to claim 1,
wherein the first phased sub-array comprises a first
number of first antenna units and the second phased
sub-array comprises a second number of second an-
tenna units, the first number being smaller than the
second number.

The phased array antenna according to claim 2,
wherein the first phased sub-array comprises three
first antenna units and the second phased sub-array
comprises four second antenna units.

The phased array antenna according to claim 2,
wherein the three first antenna units of the first
phased sub-array are arranged with rotations of 0°,
120°, and 240°, respectively, and

wherein the four second antenna units included in
the second phased sub-array are arranged with ro-
tations of 0°, 90°, 180°, and 270°, respectively.

The phased array antenna according to claim 2,
wherein the phased array antenna further comprises
a third phased sub-array, the third phased sub-array
comprising a plurality of third antenna units, and
wherein the arrangement of the plurality of first an-
tenna units in the first phased sub-array, the arrange-
ment of the plurality of second antenna units in the
second phased sub-array, and the arrangement of
the plurality of third antenna units in the third phased
sub-array are different from one another.

The phased array antenna according to claim 5,
wherein the third phased sub-array comprises a third
number of third antenna units, the second number
being smaller than the third number.

The phased array antenna according to claim 5,
wherein the third phased sub-array comprises eight
third antenna units, and

wherein the eight third antenna units included in the
third phased sub-array are arranged with rotations
of 0°, 45°, 90°, 135°, 180°, 225°, 270°, and 315°,
respectively.

The phased array antenna according to claim 5,
wherein the phased array antenna further comprises
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a fourth phased sub-array, the fourth phased sub-
array being configured to fill other positions of the
phased array antenna than the first phased sub-ar-
ray, the second phased sub-array, and the third
phased sub-array.

The phased array antenna according to claim 1,
wherein the phased array antenna further comprises
a radio frequency active channel, and wherein the
radio frequency active channel and the first phased
sub-array, and the radio frequency active channel
and the second phased sub-array are both integrat-
ed into the phased array antenna through a multi-
layer PCB processing process.

A phased array communication terminal comprising
a radio frequency unit and a phased array antenna
according to any one of claims 1-9, wherein the radio
frequency unit and the phased array antenna are
communicatively connected.
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