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(54) ARRAY ANTENNA AND COMMUNICATION DEVICE

(57) Embodiments of this application disclose an 100

array antenna and a communication device. The array ’/

antenna includes a plurality of radiating antenna units, a

plurality of dummy antennas, and a printed circuit board. 10

The plurality of radiating antenna units are configured to )

radiate or receive electromagnetic signals. The plurality Sw| | | | | | | oA ||
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plurality of dummy antennas do not radiate the electro-
magnetic signals or do not receive the electromagnetic
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the carbon oil buried resistor, and both the carbon oil =] S| R B
buried resistor and the feeder are disposed at an inner _ @ @ DA D @ @ @ @ ’(:2
layer of the multi-layer printed circuit board. According to
embodiments of this application, a unit pattern consis- FIG. 2

tency characteristic the same as or similar to that of a
regular array antenna can be implemented without af-
fecting radiating efficiency and scanning performance of
the array antenna.
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Description
TECHNICAL FIELD

[0001] This application relates to the field of commu-
nication technologies, and in particular, to an array an-
tenna and a communication device.

BACKGROUND

[0002] Anarray antenna with anirregular arrangement
is a technical means to suppress array scanning grating
lobes, reduce a quantity of channels, and increase a gain.
In an array antenna, consistency of element patterns is
an important indicator for ensuring characteristics such
as an array gain and pointing accuracy. Therefore, a
manner of processing a non-radiative part and a dummy
part of an irregular array is critical to array performance.
[0003] In some scenarios, to improve consistency of
array units in a regular array, a plurality of dummy anten-
nas may be disposed around the array, and loads of the
dummy antennas and a chip of the array are also surface-
mounted at a bottom layer of a printed circuit board
(Printed Circuit Board, PCB) by using a surface mount
technology (Surface Mount Technology, SMT). However,
for an irregular array with a compact arrangement and a
large quantity of dummy antennas which are disposed in
the array, there is no sufficient space to place an SMT
load. Consequently, layout space of the PCB is occupied.

SUMMARY

[0004] Embodiments of this application provide an ar-
ray antenna and a communication device. The array
antenna and the communication device in embodiments
of this application may implement a unit pattern consis-
tency characteristic similar to that of a regular array
without affecting radiating efficiency and scanning per-
formance of the array antenna, and may further not
occupy layout space of a printed circuit board.

[0005] According to a first aspect, an embodiment of
this application provides an array antenna, used in a
communication device. The array antenna includes a
plurality of radiating antenna units and a plurality of
dummy antennas, and a processing implementation of
the array antenna is a multi-layer printed circuit board
(PCB). The plurality of radiating antenna units are con-
figured to radiate or receive electromagnetic signals. The
plurality of dummy antennas occupy locations in an array
but do not radiate the signals. Each dummy antenna
includes a carbon oil buried resistor and a feeder, the
feeder is connected to the carbon oil buried resistor, and
both the carbon oil buried resistor and the feeder are
disposed at an inner layer of the multi-layer printed circuit
board.

[0006] In this embodiment of this application, the car-
bon oil buried resistor is connected to a feeder end of the
dummy antenna, to be used as the load of the dummy
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antenna. In this way, unit pattern consistency the same as
that of a regular antenna array can be implemented
without affecting radiating efficiency and scanning per-
formance of the array antenna, and an appearance en-
cryption function can be further maintained. In this em-
bodiment of this application, the carbon oil buried resistor
is disposed at the inner layer of the multi-layer printed
circuit board, so that layout space of the printed circuit
board is not occupied.

[0007] In an optional implementation, the carbon oil
buried resistor and the feeder are disposed at a same
layer of the multi-layer printed circuit board; or the carbon
oil buried resistor and the feeder are disposed at different
layers of the printed circuit board. In this way, unit pattern
consistency the same as that of a regular antenna array
can be implemented, and an appearance encryption
function can be further maintained.

[0008] In an optional implementation, a shape and a
size of the dummy antenna are the same as or similarto a
shape and a size of the radiating antenna unit.

[0009] In an optional implementation, the carbon oil
buried resistor is made of a carbon oil material with a
wave-absorbing characteristic. Based on such a design,
the dummy antenna may have a good wave-absorbing
characteristic.

[0010] In an optional implementation, the multi-layer
printed circuit board includes a first metal layer, a first
dielectric layer, a second metal layer, a second dielectric
layer, a third metal layer, a third dielectric layer, and a
fourth dielectric layer that are sequentially stacked. Both
the carbon oil buried resistor and the feeder in each
dummy antenna are disposed between the third dielectric
layer and the fourth dielectric layer. The carbon oil buried
resistor is disposed at the inner layer of the printed circuit
board, so that layout space of the printed circuit board is
not affected.

[0011] In an optional implementation, the carbon oil
buried resistor and a metal layer may be disposed at a
same layer of the multi-layer circuit board, and a thick-
ness of the carbon oil buried resistor is not greater than a
thickness of the metal layer.

[0012] In an optional implementation, the array anten-
na further includes a power divider. The power divider
includes an input port, a first output port, and a second
output port. The input port is connected to a radio fre-
quency chip, and the first output port is connected to the
second output port through the carbon oil buried resistor.
[0013] In an optional implementation, the first output
port and the second output port each are connected to
one radiating antenna unit.

[0014] Inanoptionalimplementation, the powerdivider
includes a main path feeder, a first quarter-wave trans-
formation line, a second quarter-wave transformation
line, a first branch feeder, and a second branch feeder.
A first end of the main path feeder is connected to the
input port, and a second end of the main path feeder is
connected to a first end of the first quarter-wave trans-
formation line and a first end of the second quarter-wave
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transformation line. A second end of the first quarter-
wave transformation line is connected to a first end of the
first branch feeder, and a second end of the second
quarter-wave transformation line is connected to a first
end of the second branch feeder. A second end of the first
branch feeder is connected to the first output port, a
second end of the second branch feeder is connected
to the second output port, and one carbon oil buried
resistor is connected between the first end of the first
branch feeder and the first end of the second branch
feeder. In this way, good matching and isolation charac-
teristics of the ports of the power divider may be used, to
ensure that unit patterns in an array are not distorted due
to mutual coupling.

[0015] In an optional implementation, at least a part of
the main path feeder and the carbon oil buried resistor of
the power divider are located at a same layer of the multi-
layer printed circuit board. At least a part of the first
branch feeder and the carbon oil buried resistor of the
power divider are located at a same layer of the multi-
layer printed circuit board. At least a part of the second
branch feeder and the carbon oil buried resistor of the
power divider are located at a same layer of the multi-
layer printed circuit board. At least a part of the first
quarter-wave transformation line and the carbon oil bur-
ied resistor of the power divider are located at a same
layer of the multi-layer printed circuit board. Atleasta part
of the second quarter-wave transformation line and the
carbon oil buried resistor of the power divider are located
at a same layer of the multi-layer printed circuit board.
[0016] According to a second aspect, an embodiment
of this application further provides a communication de-
vice. The communication device includes the array an-
tenna described above.

[0017] In this embodiment of this application, unit pat-
tern consistency the same as that of a regular antenna
array can be implemented without affecting radiating
efficiency and scanning performance of the array anten-
na, and an appearance encryption function can be further
maintained. In this embodiment of this application, a
carbon oil buried resistor is disposed at an inner layer
of a multi-layer printed circuit board, so that layout space
of the printed circuit board is not occupied.

BRIEF DESCRIPTION OF DRAWINGS
[0018]

FIG. 1ais a diagram of a structure of a regular array
antenna according to an embodiment of this applica-
tion;

FIG. 1b and FIG. 1c are diagrams of structures of
irregular array antennas according to embodiments
of this application;

FIG. 2 is adiagram of a structure of an array antenna
according to an embodiment of this application;
FIG. 3is adiagram of a structure ofadummy antenna
according to an embodiment of this application;
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FIG. 4 is adiagram of an S11 parameter correspond-
ing to an array antenna according to an embodiment
of this application;

FIG. 5 is a diagram of a structure of a multi-layer
printed circuit board according to an embodiment of
this application;

FIG. 6 is a diagram of an application scenario of a
carbon oil buried resistor according to an embodi-
ment of this application;

FIG. 7 is adiagram of another application scenario of
a carbon oil buried resistor according to an embodi-
ment of this application;

FIG. 8 is a diagram of a carbon oil buried resistor and
afeeder in a multi-layer printed circuit board accord-
ing to an embodiment of this application;

FIG. 9a and FIG. 9b are diagrams of effects of unit
pattern consistency without using a carbon oil buried
resistor as a load;

FIG. 9¢c and FIG. 9d are diagrams of effects of unit
pattern consistency according to embodiments of
this application;

FIG. 10ais a diagram of a structure of a T-type power
divider;

FIG. 10b is a diagram of a structure of a Wilkinson
power divider;

FIG. 11 is a diagram of a structure of a power divider
according to an embodiment of this application;
FIG. 12 is a diagram of another structure of a power
divider according to an embodiment of this applica-
tion;

FIG. 13ato FIG. 13c respectively show patterns of a
theoretical expectation, a Wilkinson power divider,
and a T-type power divider;

FIG. 14 is a diagram of an application scenario of an
array antenna according to an embodiment of this
application; and

FIG. 15 is a diagram of a structure of a communica-
tion device according to an embodiment of this ap-
plication.

DESCRIPTION OF EMBODIMENTS

[0019] The following clearly and completely describes
technical solutions in embodiments of this application
with reference to the accompanying drawings in embodi-
ments of this application. It is clear that the described
embodiments are some but not all of embodiments of this
application.

[0020] In embodiments of this application, words such
as "first" and "second" are merely used to distinguish
between different objects, but cannot be understood as
indicating or implying relative importance, and cannot be
understood as indicating or implying a sequence. For
example, afirstapplication, a second application, and the
like are used to distinguish between different applica-
tions, but are not used to describe a specific order of
applications. A feature limited by "first" or "second" may
explicitly or implicitly include one or more features. In the
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descriptions of embodiments of this application, the word
such as "example" or "for example" is used to represent
giving an example, an illustration, or a description. Any
embodiment or design scheme described as an "exam-
ple" or "for example" in embodiments of this application
should not be explained as being more preferred or
having more advantages than another embodiment or
design scheme. Exactly, use of the word such as "ex-
ample" or "for example" is intended to present a relative
concept in a specific manner.

[0021] An antenna is one of the most important front-
end passive components of a communication device,
and the antenna plays an extremely important role in
improving performance of a communication product.
With rapid development of mobile communication and
large-scale application of 5G technologies, base station
antennas are increasingly and widely applied. A large-
scale array antenna is a development trend of a current
base station antenna.

[0022] It may be understood that array antennas may
include an array antenna with a regular arrangement and
an array antenna with an irregular arrangement. For
example, in a scenario, FIG. 1a shows the array antenna
with a regular arrangement, and an array element spa-
cing of the array antenna with a regular arrangement may
be a fixed value. In another scenario, FIG. 1b shows the
array antenna with an irregular arrangement, and an
array element spacing of the array antenna with an
irregular arrangement is not a fixed value, and array
elements may be arranged in a sparse-dense manner.
In another scenario, FIG. 1¢ shows the array antenna
with anirregular arrangement, and the array antenna with
an irregular arrangement may select some units from a
regular array to work, and the remaining parts may be
non-radiating dummies.

[0023] In an array antenna, consistency of element
patterns is an important indicator for ensuring character-
istics such as an array gain and pointing accuracy. There-
fore, a manner of processing a non-radiative part and a
dummy part of an irregular array is critical to array per-
formance.

[0024] In a possible scenario, to improve consistency
of peripheral units of a regular array, dummies are de-
signed around the array, and loads of the dummies and a
chip of the array are surface-mounted at a bottom layer of
a printed circuit board (Printed circuit board, PCB) by
using a surface mount technology (Surface Mount Tech-
nology, SMT). In this scenario, foranirregular array with a
compact arrangement and a large quantity of dummies,
there is no sufficient space to set an SMT load. Conse-
quently, layout space of the PCB is occupied.

[0025] In another possible scenario, a dummy may be
open-circuited at a terminal or shortcircuited at the term-
inal. However, in this scenario, electromagnetic environ-
ments in which radiating antenna units are located are
different, and radiation patterns of the radiating antenna
units differ greatly. Consequently, unit pattern consis-
tency is poor.
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[0026] In another possible scenario, a manner of pro-
cessing adummy may be connecting a feeder to aload at
an inner layer. In this way, it can be ensured that unit
patterns have good consistency. However, an implemen-
tation of a buried resistor in this scenario is resistive
copper foil, to be specific, metal at the layer changes
from original copper to a lossy conductor with sheet
resistance. Consequently, a feeder loss of a radiating
antenna atthe same layer increases, and efficiency of the
antenna is greatly reduced.

[0027] Embodiments of this application provide an ar-
ray antenna and a communication device. In embodi-
ments of this application, unit pattern consistency the
same as that of a regular antenna array can be imple-
mented without affecting radiating efficiency and scan-
ning performance of the array antenna, and an appear-
ance encryption function can be further maintained.
[0028] FIG. 2 is a diagram of a structure of an array
antenna 100 according to an embodiment of this applica-
tion.

[0029] Thearrayantenna 100 may include a plurality of
dummy antennas 10 and a plurality of radiating antenna
units 20. It may be understood that the plurality of dummy
antennas 10 and the plurality of radiating antenna units
20 may be arranged into an array. The array antenna 100
in this embodiment may be an irregular array. In other
words, the plurality of dummy antennas 10 and the plur-
ality of radiating antenna units 20 may be irregularly
arranged in an antenna array. It may be understood that,
in another possible implementation, the array antenna
100 may be a regular array antenna. It should be noted
that, compared with a regular array, the irregular array
may have an actual effect of suppressing grating lobes.
[0030] It may be understood that, in this embodiment,
the dummy antennas 10 are disposed at an array edge of
the array antenna 100.

[0031] In this embodiment, the radiating antenna unit
20 may be a patch. In a specific implementation process,
each radiating antenna unit 20 may be connected to a
radio frequency chip (not shown in the figure) or a radio
frequency component (not shown in the figure) through a
microstrip or a strip line. In some embodiments, the
radiating antenna unit 20 may be a radiating antenna
of a multi-layer structure.

[0032] It may be understood that, in this embodiment,
the plurality of radiating antenna units 20 may be config-
ured to radiate or receive electromagnetic signals. For
example, every two radiating antenna units 20 may be
connected to one radio frequency chip. The radio fre-
quency chip may radiate or receive the electromagnetic
signal through the radiating antenna unit 20.

[0033] In this embodiment, the plurality of dummy an-
tennas 10 may occupy locations in the array, but the
plurality of dummy antennas 10 do notradiate the signals.
[0034] In an optional implementation, the dummy an-
tenna 10 is not connected to the radio frequency compo-
nent.

[0035] AsshowninFIG.2,inthisembodiment, ashape
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and a size of the dummy antenna 10 may be the same as
or similar to those of the radiating antenna unit 20.
[0036] FIG. 3 is a diagram of a structure of a dummy
antenna 10 according to an embodiment of this applica-
tion. It may be understood that, in an array antenna 100,
each dummy antenna 10 includes a feeder 12 and a
carbon oil buried resistor 14. The feeder 12 may be a
strip line feeder. In this embodiment, the carbon oil buried
resistor 14 may be disposed at an inner layer of a printed
circuit board (Printed Circuit Board, PCB). It may be
understood that the feeder 12 of the dummy antenna
10 may not be connected to a radio frequency chip or a
radio frequency component. The feeder 12 of the dummy
antenna 10 may be connected to the carbon oil buried
resistor 14 at the inner layer of the printed circuit board.
The carbon oil buried resistor 14 may be configured to
match a load for the dummy antenna 10, in other words,
the carbon oil buried resistor 14 may be used as a feeder
terminal load of the dummy antenna 10.

[0037] Inthis embodiment, the feeder 12 of the dummy
antenna 10 and afeeder of aradiating antenna unit 20 are
disposed at the innerlayer of the multi-layer printed circuit
board in aform of strip lines. In this way, an array radiation
characteristic is not affected, and there is an appearance
encryption function. It may be understood that, in a
possible implementation, in one dummy antenna 10, a
carbon oil buried resistor 14 and a feeder 12 may be ata
same layer.

[0038] It may be understood that the feeder 12 may be
made of a metal material. The carbon oil buried resistor
14 and a metal layer (for example, the feeder 12) may be
disposed at a same layer of the multi-layer printed circuit
board, and a thickness of the carbon oil buried resistor 14
is not greater than a thickness of the metal layer.
[0039] It may be understood that the carbon oil buried
resistor 14 and the feeder 12 may not be located at a
same layer. The carbon oil buried resistor 14 may alter-
natively be connected to the feeder 12 through a via (not
shown in the figure).

[0040] The carbon oil buried resistor 14 may be dis-
posed in the dummy antenna 10, or may be disposed in
another area of the entire array antenna 100.

[0041] Inan optionalimplementation, as shownin FIG.
3, the dummy antenna 10 may include two carbon oil
buried resistors 14, and the two carbon oil buried resis-
tors 14 may be correspondingly connected to feeders 12.
[0042] It may be understood that, in some embodi-
ments, the carbon oil buried resistor 14 may be grounded.
In some other embodiments, the carbon oil buried resis-
tor 14 may alternatively not be grounded.

[0043] Based on embodiments shown in FIG. 2 and
FIG. 3, the dummy antenna 10 absorbs only energy of the
radiating antenna unit 20. Therefore, the dummy antenna
10 in embodiments of this application does not perform
secondary reflection. In this way, a problem that second-
ary radiation of the dummy antenna causes distortion on
a feeding antenna pattern can be avoided.

[0044] According to embodiments shownin FIG. 2 and
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FIG. 3, an irregular array antenna may have unit pattern
consistency the same as or similar to that of a regular
array antenna without increasing PCB layer stacking
complexity.

[0045] FIG. 4 is a simulation diagram of a wave-ab-
sorbing characteristic of the dummy antenna 10 thatuses
the carbon oil buried resistor. It can be seen from FIG. 4
that, return losses of the dummy antenna 10 in an oper-
ating frequency band are all less than -20 dB. It can be
learned that, using the carbon oil buried resistor 14 in the
dummy antenna 10 can have a good wave-absorbing
effect. It may be understood that, during actual measure-
ment, the dummy antenna 10 may alternatively have a
wave-absorbing characteristic similar to that of a simula-
tion result.

[0046] It may be understood that, in some possible
implementations, the carbon oil buried resistor 14 may
be made of a carbon oil material. The carbon oil buried
resistor 14 may have a wave-absorbing characteristic. In
embodiments of this application, a sheet resistivity of the
carbon oil buried resistor 14 may range from 1 Q/square
to 5,000 Q/square.

[0047] It may be understood that, in some possible
scenarios, carbon oil may be obtained by processing
carbon powder (for example, graphite) and epoxy resin.
Therefore, if the carbon oil serves as a conductor, the
carbon powder in the carbon oil may be conductive, and a
conductivity of the carbon powder may be related to a
particle size and content of the carbon powder. For ex-
ample, a larger particle size or a larger quantity of par-
ticles of the carbon powder indicates a higher conductiv-
ity and smaller resistance of the carbon powder. For
example, at a normal temperature, ink of the carbon oil
may be in a gel-like form, and the ink may be in a fluid gel-
like form after being stirred. In other words, the ink of the
carbon oil may be thermal curing ink.

[0048] The sheetresistivity mentioned above may be a
resistance characteristic parameter of the carbon oil. For
example, a square ink pattern is printed in a case of a
specific thickness, and aresistance value measured after
the square ink pattern is cured is a sheet resistivity of the
carbon oil. In embodiments of this application, the sheet
resistivity of the carbon oil buried resistor may be any
value from 1 Q/square to 5,000 Q/square. It may be
understood that, in another implementation, the sheet
resistivity of the carbon oil buried resistor 14 may alter-
natively be any other value. This is not specifically limited
in embodiments of this application.

[0049] A resistance value of the carbon oil buried re-
sistor 14 may be related to a shape and the sheet resis-
tivity of the carbon oil buried resistor.

[0050] It may be understood that the thickness of the
carbon oil buried resistor 14 may be adjusted according
to an actual requirement. In a possible implementation,
the thickness of the carbon oil buried resistor 14 may be
less than or equal to a thickness of a metal layer at which
the carbon oil buried resistor is located.

[0051] In some possible scenarios, a resistor may be
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disposed at a surface layer of the printed circuit board.
Forexample, as shownin FIG. 5, afirstresistor 31 may be
disposed at a top layer of the printed circuit board 30, and
a second resistor 32 may be disposed at a bottom layer of
the printed circuit board 30.

[0052] It may be understood that, compared with the
scenario shown in FIG. 5, in embodiments of this appli-
cation, a carbon oil silkscreen process may be used at the
inner layer of the printed circuit board, in other words, in
embodiments of this application, a thin carbon oil layer
(namely, the carbon oil buried resistor) with a sheet
resistance characteristic may be printed at the inner layer
of the printed circuit board.

[0053] AsshowninFIG.6,the carbon oil buried resistor
14 may have a specific pattern and thickness. For ex-
ample, a shape of the carbon oil buried resistor may be a
trapezoid, a rectangle, a circle, or another irregular pat-
tern. Thisis not limited in embodiments of this application.
[0054] Two sides of the carbon oil buried resistor 14
may each be connected to a metal pattern. For example,
one side of the carbon oil buried resistor 14 may be
connected to the feeder, and the other side of the carbon
oil buried resistor 14 may be connected to a ground cable.
[0055] AsshowninFIG.7,the carbon oil buried resistor
14 is disposed at the inner layer of the printed circuit
board. One side of the carbon oil buried resistor may be
connected to the feeder 12, and the other side of the
carbon oil buried resistor may be connected to a ground
pad 16.

[0056] Compared with a conventional solution, in em-
bodiments of this application, the carbon oil buried re-
sistor 14 is used as aload of the dummy antenna, sothata
unit pattern consistency characteristic the same as or
similar to that of the regular array antenna can be im-
plemented without affecting radiating efficiency and
scanning performance of the array antenna.

[0057] FIG. 8 is a diagram of another structure of an
array antenna 100 according to an embodiment of this
application.

[0058] The array antenna 100 may include a first metal
layer 210, afirst dielectric layer 220, a second metal layer
230, asecond dielectric layer 240, a third metal layer 250,
and a third dielectric layer 260 that are sequentially
stacked.

[0059] Itmaybeunderstoodthatthe array antenna 100
may further include a fourth dielectric layer 270. The
fourth dielectric layer 270 is disposed at a location below
the third dielectric layer 260.

[0060] In this embodiment, a thin carbon oil layer may
be printed on a surface of the fourth dielectric layer 270 by
using a carbon oil silkscreen process, in other words, a
carbon oil buried resistor 14 of a dummy antenna 10 may
be disposed at the fourth dielectric layer 270. It may be
understood that, in this embodiment, a feeder 12 of the
dummy antenna 10 may be disposed at the fourth di-
electric layer 270, and the feeder 12 is connected to the
carbon oil buried resistor 14. The feeder 12 may be
disposed at an inner layer of a printed circuit board 40
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in a form of a strip line.

[0061] The carbon oil buried resistor 14 and the feeder
12 of the dummy antenna 10 may be disposed between
the third dielectric layer 160 and the fourth dielectric layer
270.

[0062] The first metallayer 210, the first dielectric layer
220, the second metal layer 230, the second dielectric
layer 240, the third metal layer 250, the third dielectric
layer 260, and the fourth dielectric layer 270 that are
sequentially stacked may form the multi-layer printed
circuit board 40.

[0063] It may be understood that, in the foregoing
descriptions, a manner of disposing a carbon oil buried
resistor 14 and a feeder 12 of one dummy antenna 10 is
merely used as an example for description. A carbon oil
buried resistor 14 of each dummy antenna 10 may be
disposed atthe innerlayer of the multi-layer printed circuit
board 40.

[0064] Based on the foregoing embodiment of this
application, the dummy antenna 10 disposes the carbon
oil buried resistor 14 at the inner layer of the multi-layer
printed circuit board 40, instead of a surface layer of the
printed circuit board. Therefore, the array antenna 100 in
this embodiment of this application can implement a unit
pattern consistency characteristic similar to that of a
regular array when ensuring radiating efficiency and
scanning performance of the array antenna, and does
not occupy a layout space of the PCB.

[0065] The array antenna in this application may im-
plement a radio frequency load function by applying a
carbon oil buried resistor process at the inner layer of the
multi-layer printed circuit board.

[0066] Referto FIG.9ato FIG. 9d as well. FIG. 9ais a
diagram of an amplitude obtained when a carbon oil
buried resistor is not used as a dummy load in a conven-
tional solution. FIG. 9b is a diagram of a phase obtained
when a carbon oil buried resistor is not used as a dummy
load in a conventional solution. FIG. 9c is a diagram of an
amplitude obtained when a carbon oil buried resistor is
used as a dummy load according to an embodiment of
this application. FIG. 9d is a diagram of a phase obtained
when a carbon oil buried resistoris used as adummy load
according to an embodiment of this application.

[0067] It can be learned that, compared with the con-
ventional solution, in this embodiment of this application,
when the carbon oil buried resistor 14 is used as the
dummy load, array pattern consistency is significantly
improved.

[0068] Ina possible application scenario, for example,
when a feeder of an antenna is located at the surface
layer of the printed circuit board, both a T-type power
divider and a Wilkinson power divider may be used in the
array antenna. As shown in FIG. 10a and FIG. 10b, the T-
type power divider 110 may include an input port P1, an
output port P2, and an output port P3. The Wilkinson
power divider 120 may include an input port P4, an output
port P5, and an output port P6. The input port P4 may be
connected to a radio frequency component, and the



1 EP 4 518 026 A1 12

output port P5 is connected to the output port P6 through
a resistor R1.

[0069] In another possible application scenario, for
example, when a feeder of an antenna is located at the
inner layer of the printed circuit board, a Wilkinson power
divider 120 in FIG. 10b is limited by a resistor with a large
size and cannot be used in the array antenna.

[0070] FIG. 11 is a diagram of a structure of a power
divider 130 according to an embodiment of this applica-
tion.

[0071] In this embodiment, the power divider 130 may
include an input port P7, an output port P8, and an output
port P9.

[0072] The power divider 130 may further include a
main path feeder 131, a quarter-wave transformation line
132, a quarter-wave transformation line 133, a branch
feeder 134, and a branch feeder 135. A first end of the
main path feeder 131 is connected to the input port P7,
and a second end of the main path feeder 131 is con-
nected to a first end of the quarter-wave transformation
line 132 and a first end of the quarter-wave transforma-
tion line 133. A second end of the quarter-wave trans-
formation line 132 is connected to afirst end of the branch
feeder 134, and a second end of the branch feeder 134 is
connected to the output port P8. A second end of the
quarter-wave transformation line 133 is connected to a
firstend of the branch feeder 135, and a second end of the
branch feeder 135 is connected to the output port P9.
[0073] Itmaybeunderstood thattheinputportP7 ofthe
power divider 130 may be connected to a radio frequency
chip 140. In a scenario, the radio frequency chip 140 may
output a signal to the input port P7 of the power divider
130. The output port P8 may be connected to the output
port P9 through a carbon oil buried resistor 15. Specifi-
cally, the carbon oil buried resistor 15 is connected be-
tween the first end of the branch feeder 134 and the first
end of the branch feeder 135. The carbon oil buried
resistor 15 of the power divider 130 may be disposed
at an inner layer of a multi-layer printed circuit board 40.
The carbon oil buried resistor 15 between the output port
P8 and the output port P9 acts as an isolation resistor.
[0074] In an optional implementation, in the power
divider 130, at least a part of the main path feeder 131
and the carbon oil buried resistor 15 may be located at a
same layer of the multi-layer printed circuit board 40; at
least a part of the branch feeder 134 and the carbon oil
buried resistor 15 may be located at a same layer of the
multi-layer printed circuit board 40; at least a part of the
branch feeder 135 and the carbon oil buried resistor 15
may be located at a same layer of the multi-layer printed
circuit board 40; at least a part of the quarter-wave
transformation line 132 and the carbon oil buried resistor
15 may be located at a same layer of the multi-layer
printed circuit board 40; and at least a part of the quar-
ter-wave transformation line 133 and the carbon oil bur-
ied resistor 15 may be located at a same layer of the multi-
layer printed circuit board 40.

[0075] It may be understood that a shape of the carbon
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oil buried resistor may be a trapezoid, a rectangle, a
circle, or another irregular pattern. This is not limited in
this embodiment of this application.

[0076] Based on the foregoing embodiment of this
application, the carbon oil buried resistor 15 is connected
between the output port P8 and the output port P9.
Therefore, the input port and the output ports of the
Wilkinson power divider 130 may have good matching
and isolation characteristics, and it is ensured that unit
patterns of an array antenna are not distorted due to
mutual coupling.

[0077] Compared with a conventional solution, the
power divider 130 in this embodiment of this application
is not limited by a buried resistor load with a large size,
and may be used in the array antenna.

[0078] In this embodiment, as shown in FIG. 11, the
output port P8 of the power divider 130 may be connected
to one radiating antenna unit 20, and the output port P9 of
the power divider 130 may be connected to one radiating
antenna unit 20. In a scenario, the radio frequency chip
140 may radiate signals through the two radiating anten-
na units 20 connected to the power divider 130. The
power divider 130 may be a Wilkinson power divider.
[0079] It may be understood that, in some possible
implementations, the array antenna 100 may include a
plurality of power dividers. As shown in FIG. 12, two
power dividers are used as an example for description.
FIG. 12 shows only a power divider 130 and a power
divider 150, but this should not be construed as a limita-
tion. The power divider 130 may implement a one-to-
many architecture, for example, a one-to-two architec-
ture, a one-to-three architecture, or a one-to-four archi-
tecture. For example, an input port P7 of the power
divider 130 may be connected to a radio frequency chip
140, an output port P9 of the power divider 130 may be
connected to one radiating antenna unit 20, an output
port P8 of the power divider 130 may be connected to an
input port P10 of the power divider 150, the input port P10
of the power divider 150 is connected to a first end of a
main path feeder 131, and a second end of the main path
feeder 131 is connected to a first end of a quarter-wave
transformation line 132 and a first end of a quarter-wave
transformation line 133. A second end of the quarter-
wave transformation line 132 is connected to a first end of
a branch feeder 134, a second end of the branch feeder
134 is connected to an output port P11, a second end of
the quarter-wave transformation line 133 is connected to
afirstend of abranch feeder 135, and a second end of the
branch feeder 135 is connected to an output port P12.
One carbon oil buried resistor 15 is connected between
the first end of the branch feeder 134 and the second end
of the branch feeder 135.

[0080] In a scenario, the output port P11 may be con-
nected to one radiating antenna unit 20, and the output
port P12 may be connected to one radiating antenna unit
20. Alternatively, in some other scenarios, the output port
P11 may be connected to an input port of another power
divider, and the output port P12 may be connected to one
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radiating antenna unit 20. Alternatively, in some other
scenarios, the output port P11 and the output port P12
may each be connected to an input port of one power
divider. By analogy, this embodiment of this application
may implement the one-to-many architecture.
[0081] It may be understood that the carbon oil buried
resistor 15 in this embodiment is made of the same
material as the carbon oil buried resistor 14 in embodi-
ments shownin FIG. 3and FIG. 6 to FIG. 8. To be specific,
both the carbon oil buried resistor 15 and the carbon oil
buried resistor 14 may be made of a carbon oil material
with a wave-absorbing characteristic.
[0082] Based on embodiments shown in FIG. 11 and
FIG. 12, a carbon oil buried resistor process is used, so
that this application can integrate a dummy antenna or
the radiating antenna unit with the one-to-many Wilkin-
son power divider at the inner layer of the multi-layer
printed circuit board, to replace a conventional T-type
power divider. In this application, good matching and
isolation characteristics of ports of the Wilkinson power
divider may be used, to ensure that unit patterns in an
array are not distorted due to mutual coupling.
[0083] It may be understood that the power divider 130
may perform equal-amplitude and in-phase power divid-
ing, or may perform unequal-amplitude or unequal-
phase power dividing.
[0084] The following describes a scattering character-
istic and input and output characteristics at different
conditions of the T-type power divider.
[0085] Whenamain portisinput,a=[100]". When the
rest two ports are balanced input, a = [0 1 1]7. When the
rest two ports are unbalanced input, a=[010]7. When the
rest two ports are unbalanced input, a=[0 1 &/50°]T. When
the main portis matched and the rest two ports are equal-
V2 ﬂT
2

2

b=o
amplitude in-phase output,
When the rest two ports are matched and the main port

T
b=|v2 0 O
is lossless output, [\/_ ] . When the
rest two ports are mismatched and the main port is lossy

b= [\/E 1 1]T

output, 2 2 21 whentheresttwo ports
are mismatched and the main port is lossy output, |b| =
[0.91 0.3 0.3].

[0086] The following describes a scattering character-
istic and input and output characteristics at different
conditions of the Wilkinson power divider.

[0087] When amain portisinput,a=[100]". When the
rest two ports are balanced input, a=[0 1 1]7. When the
resttwo ports are unbalancedinput, a=[0 1 0]7. When the
rest two ports are unbalanced input, a=[0 1 &/50°]". When
the main portis matched and the rest two ports are equal-

s . 1T
b=[o-L -Z]
amplitude in-phase output, vz vzl

When the rest two ports are matched and the main port
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. T
is lossless output, b= [_\/EJ 0 O] . When the

rest two ports are mismatched and the main port is lossy

T

b=|-< oo
output, V2 . When the rest two ports
are mismatched and the main port is lossy output, |b| =
[0.9100]".
[0088] When the T-type power divider is used for an
unequal-amplitude and in-phase operation (that is, un-
balanced combining), mismatching and crosstalk occur
at the rest two ports, and definite reflection exists. In
addition, a dummy unit performs secondary refection
on an absorbed electromagnetic wave. This further de-
teriorates a pattern of the radiating antenna unit.
[0089] For the Wilkinson power divider, even if the
power divider is in an unbalanced state, the rest two
ports may still be matched and isolated. Therefore, the
power divider may have a good dummy absorbing effect.
[0090] FIG. 13a shows a pattern in a theoretical ex-
pectation. FIG. 13b shows a pattern of a Wilkinson power
divider that uses an inner-layer buried resistor. FIG. 13¢c
shows a pattern of a T-type power divider.
[0091] It can be learned from FIG. 13a and FIG. 13b
that, compared with the pattern in the theoretical expec-
tation shown in FIG. 13a, a pattern shown by a Wilkinson
power dividerimplemented by using the carbon oil buried
resistor in this embodiment of this application is very
similar to the pattern in the theoretical expectation shown
in FIG. 13a. However, the pattern of the T-type power
divider shown in FIG. 13c is severely distorted.
[0092] Therefore, the carbon oil buried resistor can
meet an engineering implementation requirement of an
inner-layer power divider during cabling, and further en-
sure ideal radiation performance.
[0093] FIG. 14 is a diagram of an application scenario
of an array antenna according to an embodiment of this
application.
[0094] AsshowninFIG. 14, in a possible scenario, the
array antenna 100 may be used in a base station 200. For
example, the array antenna 100 may be used in a com-
munication base station in a millimeter wave band and a
sub-millimeter wave band. It may be understood that a
plurality of base stations 200 may communicate with an
integrated receiver transcoder 300.
[0095] It may be understood that, under a constraint
condition, equivalent isotropic radiated power (Equiva-
lent Isotropic Radiated Power, EIRP) of a beam in a
geosynchronous orbit satellite area<60 dBm/200
M/beam.
[0096] In a conventional array design, the EIRP is
limited when the foregoing constraint is met, and a scan-
ning range in a large-spacing array is also limited. How-
ever, in an irregular array layout, when the foregoing
constraint condition is met, grating side lobe suppression
of the array can be improved, and the EIRP and the
scanning range of the array can be increased.
[0097] Refer to FIG. 15. An embodiment of this appli-
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cation further provides a communication device 400. The
communication device 400 may include the array anten-
na 100 described in the foregoing embodiments. It may
be understood that the communication device 400 may
include but is not limited to a base station or a gNB in a
new radio (new radio, NR) system.

[0098] A person ofordinary skillin the art should under-
stand that the foregoing implementations are merely
intended to describe this application but are not intended
to limit this application, provided that proper modifica-
tions and changes made to the foregoing implementa-
tions in the essential scope of this application fall within
the protection scope of this application.

Claims

1. An array antenna, used in a communication device,
wherein the array antenna comprises a plurality of
radiating antenna units and a plurality of dummy
antennas;

the plurality of radiating antenna units are con-
figured to radiate or receive electromagnetic
signals;

the plurality of dummy antennas are arranged in
an array, and the plurality of dummy antennas do
not radiate the electromagnetic signals or do not
receive the electromagnetic signals; and

each dummy antenna comprises a carbon oil
buried resistor and a feeder, the feeder is con-
nected to the carbon oil buried resistor, and both
the carbon oil buried resistor and the feeder are
disposed atan innerlayer of a multi-layer printed
circuit board.

2. The array antenna according to claim 1, wherein
both the carbon oil buried resistor and the feeder are
disposed at a same layer of the multi-layer printed
circuit board; or the carbon oil buried resistor and the
feeder are disposed at different layers of the multi-
layer printed circuit board.

3. Thearray antenna according to claim 1 or 2, wherein
a shape and a size of the dummy antenna are the
same as or similar to a shape and a size of the
radiating antenna unit.

4. The array antenna according to any one of claims 1
to 3, wherein
the carbon oil buried resistor is made of a carbon oil
material with a wave-absorbing characteristic.

5. The array antenna according to any one of claims 1
to 4, wherein

the multi-layer printed circuit board comprises a
first metal layer, a first dielectric layer, a second
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metal layer, a second dielectric layer, a third
metal layer, a third dielectric layer, and a fourth
dielectric layer that are sequentially stacked;
and

both the carbon oil buried resistor and the feeder
in each dummy antenna are disposed between
the third dielectric layer and the fourth dielectric
layer.

6. The array antenna according to claim 1, wherein

the array antenna further comprises a power
divider; and

an input port of the power divider is connected to
a radio frequency chip, and a first output port of
the power divider is connected to a second out-
put port of the power divider through the carbon
oil buried resistor.

7. The array antenna according to claim 6, wherein
the first output port and the second output port each
are connected to one radiating antenna unit.

8. The array antenna according to claim 6, wherein
the power divider comprises a main path feeder, a
first quarter-wave transformation line, a second
quarter-wave transformation line, a first branch fee-
der, and a second branch feeder; a first end of the
main path feeder is connected to the input port, and a
second end of the main path feeder is connected to a
first end of the first quarter-wave transformation line
and a first end of the second quarter-wave transfor-
mation line; a second end of the first quarter-wave
transformation line is connected to a first end of the
first branch feeder, and a second end of the second
quarter-wave transformation line is connected to a
first end of the second branch feeder; and a second
end of the first branch feeder is connected to the first
output port, a second end of the second branch
feeder is connected to the second output port, and
one carbon oil buried resistor is connected between
the first end of the first branch feeder and the firstend
of the second branch feeder.

9. The array antenna according to claim 8, wherein

at least a part of the main path feeder and the
carbon oil buried resistor of the power divider are
located at a same layer of the multi-layer printed
circuit board;

at least a part of the first branch feeder and the
carbon oil buried resistor of the power divider are
located at a same layer of the multi-layer printed
circuit board;

at least a part of the second branch feeder and
the carbon oil buried resistor of the power divider
are located at a same layer of the multi-layer
printed circuit board;
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at least a part of the first quarter-wave transfor-
mation line and the carbon oil buried resistor of
the power divider are located at a same layer of
the multi-layer printed circuit board; and
atleast a part of the second quarter-wave trans-
formation line and the carbon oil buried resistor
of the power divider are located at a same layer
of the multi-layer printed circuit board.

10. A communication device, wherein the communica-
tion device comprises the array antenna according to
any one of claims 1 to 9.
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