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(54) ANTENNA UNIT AND ANTENNA ARRAY

(67)  The presentinvention discloses an antenna unit
and an antenna array, and relates to the communications
field. The antenna unitincludes: a baseplate and k patch-
es that are above the baseplate and parallel to the base-
plate, where an (i+1)th patch is above an ith patch, k > 1,
and i < k; and each patch includes a first feed point, the
first feed point is connected to a first feed port, and the
firstfeed port is configured to output a first signal; or each
patch includes a first feed point and a second feed point,
the first feed point is connected to a first feed port, the

second feed point is connected to a second feed port,
the first feed port outputs a first signal, the second feed
port outputs a second signal, frequencies of the first sig-
nal and the second signal are the same, and polarization
directions of the first signal and the second signal are
perpendicular to each other. The present invention re-
solves a problem that circuit implementation of adding a
filter after a feed port to separate two signals is complex,
so that a structure of an antenna unit is simplified.

120

130 121

130

121 199

i Feed port

Feed port |

120

End 110

o

FIG 1

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 364 500 A1 2

Description
TECHNICAL FIELD

[0001] The presentinvention relates to the communi-
cations field, and in particular, to an antenna unit and an
antenna array.

BACKGROUND

[0002] Asamobile communicationstechnology rapidly
develops and a mobile communications service volume
dramatically increases, a coverage area of a mobile com-
munications network is increasingly expanded, and an
antenna used as a critical component for mobile commu-
nication is becoming more important.

[0003] A conventional antenna unit includes a base-
plate, a radiation patch that is above the baseplate and
parallel to the baseplate, a director patch that is above
the radiation patch and parallel to the radiation patch,
and a probe. The probe is nailed from a baseplate side.
Afirst feed point is formed by the probe and the radiation
patch, and a second feed point is formed by the probe
and the director patch. The firstfeed point and the second
feed point each are connected to one feed port. The ra-
diation patch is configured to radiate signal energy, the
baseplate is configured to reflect signal energy radiated
to the ground to the director patch, and the director patch
is configured to reduce a beam angle of the radiated sig-
nal energy for energy concentration. Because of the
probe, each feed port simultaneously outputs two signals
with different frequencies but a same polarization direc-
tion, to implement dual frequency resonance. In such an
antenna unit, a filter needs to be added after the feed
port. The filter separates the two signals that are output
by the feed port and have different frequencies, and then
outputs the two separated signals. A structure of the an-
tenna unit is complex because circuit implementation of
adding the filter after the feed port is relatively complex.

SUMMARY

[0004] Embodiments of the present invention provide
an antenna unit and an antenna array, to resolve a prob-
lem that a structure of an antenna unit is complex be-
cause circuitimplementation of adding afilter after a feed
port to separate two signals is relatively complex. The
technical solutions are as follows:

A first aspect provides an antenna unit, where the anten-
na unit includes:

a baseplate and k patches that are above the base-
plate and parallel to the baseplate, where an (i+1)th
patch is above an ith patch, k > 1, and i < k; where
each patch includes a first feed point, the first feed
point is connected to a first feed port, and the first
feed port is configured to output a first signal; or
each patch includes a first feed point and a second
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feed point, the first feed point is connected to a first
feed port, the second feed point is connected to a
second feed port, the first feed port outputs a first
signal, the second feed port outputs a second signal,
frequencies of the first signal and the second signal
are the same, and polarization directions of the first
signal and the second signal are perpendicular to
each other.

[0005] In afirst possible implementation of the first as-
pect, a center frequency of a frequency band i corre-
sponding to the ith patch is in a negative correlation to an
area of the ith patch.

[0006] In a second possible implementation of the first
aspect, bandwidth of a frequency band (i+1) correspond-
ing to the (i+1)t" patch is in a negative correlation to a
height between the (i+1)th patch and the ith patch.
[0007] With reference to any one of the first aspect, or
the first or the second possible implementation of the first
aspect, in a third possible implementation of the first as-
pect,

for the frequency band i corresponding to the ith patch,
the ith patch is a radiation patch for the frequency band
i; any jth patch is a director patch for the frequency band
i, where i < j < k+1; any mh patch is a reflection patch of
the frequency i, where m < i; and the baseplate is a re-
flection panel.

[0008] With reference to any one of the first aspect, or
the first or the second or the fourth possible implemen-
tation of the firstaspect, in a fifth possible implementation
of the first aspect, an area of the (i+1)t patch is less than
or equal to the area of the ith patch.

[0009] With reference to any one of the first aspect, or
the first or the second or the fourth or the fifth possible
implementation of the first aspect, in a sixth possible im-
plementation of the first aspect, central points of the k
patches and the baseplate are on a same linear axis.
[0010] A second aspect provides an antenna array,
where the antenna array includes at least two antenna
units according to any one of the first aspect or the pos-
sible implementations.

[0011] In afirst possible implementation of the second
aspect, the antenna array includes at least one second
antenna unit, a central location of the second antenna
unit is deployed according to at least one of the following
manners: on a connection line of central locations of the
two first antenna units in @ same row, or on a connection
line of central locations of the two first antenna units in a
same column, or on a connection line of central locations
of the two second antenna units in a same row, or on a
connection line of central locations of the two second
antenna units in a same column.

[0012] With reference to either the second aspect or
the first possible implementation of the second aspect,
in a second possible implementation of the second as-
pect, the first antenna unit includes at least two patches,
and a center frequency of a frequency band correspond-
ing to a first patch is less than a center frequency of a
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frequency band corresponding to any other patch; and
a center frequency of a frequency band corresponding
to the second antenna unit is greater than the center fre-
quency of the frequency band corresponding to the first
patch.

[0013] Beneficial effects of the technical solutions pro-
vided in the embodiments of the present invention are
as follows:

When at least two patches with different frequencies are
superposed, one feed point is connected to one feed port,
so that the feed port outputs only one signal, and there
is no need to add a filter after the feed port to separate
signals with different frequencies. This resolves a prob-
lem that a structure of an antenna unit is complex be-
cause circuitimplementation of adding afilter after a feed
port in a dual-band antenna to separate signals is com-
plex, so that the structure of the antenna unit is simplified.

BRIEF DESCRIPTION OF DRAWINGS

[0014] To describe the technical solutions in the em-
bodiments of the present invention more clearly, the fol-
lowing briefly describes the accompanying drawings re-
quired for describing the embodiments. Apparently, the
accompanying drawings in the following description
show merely some embodiments of the present inven-
tion, and a person of ordinary skill in the art may still
derive other drawings from these accompanying draw-
ings without creative efforts.

FIG. 1 is a schematic structural diagram of an an-
tenna unit according to an embodiment of the
present invention;

FIG. 2A is a schematic structural diagram of another
antenna unit according to an embodiment of the
present invention;

FIG. 2B is a schematic diagram of a current direction
according to an embodiment of the present inven-
tion;

FIG. 2C is a schematic diagram of first emulation
according to an embodiment of the present inven-
tion;

FIG. 2D is a schematic diagram of second emulation
according to an embodiment of the present inven-
tion;

FIG. 3 is a schematic structural diagram of an an-
tenna array according to an embodiment of the
present invention;

FIG. 4 is a schematic structural diagram of another
antenna array according to an embodiment of the
present invention;

FIG. 5 is a schematic structural diagram of another
antenna array according to an embodiment of the
present invention;

FIG. 6 is a schematic structural diagram of another
antenna array according to an embodiment of the
present invention; and

FIG. 7 is a schematic structural diagram of another
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antenna array according to an embodiment of the
present invention.

DESCRIPTION OF EMBODIMENTS

[0015] To make the objectives, technical solutions, and
advantages of the presentinvention clearer, the following
further describes the embodiments of the present inven-
tion in detail with reference to the accompanying draw-
ings.

[0016] Referringto FIG. 1, FIG. 1 is a schematic struc-
tural diagram of an antenna unit according to an embod-
iment of the present invention. The antenna unit may
include:

a baseplate 110 and k patches 120 that are above the
baseplate 110 and parallel to the baseplate 110, where
an (i+1)th patch 120 is above an ith patch 120, k> 1, and
i<k

[0017] Each patch 120 includes a first feed point 121,
the first feed point 121 is connected to a first feed port
130, the first feed port 130 is configured to output a first
signal, and the first signal is a single polarization signal, or
each patch 120 includes a first feed point 121 and a sec-
ond feed point 121, the first feed point 121 is connected
to a first feed port 130, the second feed point 121 is con-
nected to a second feed port 130, the first feed port 130
outputs a first signal, the second feed port 130 outputs
a second signal, frequencies of the first signal and the
second signal are the same, and polarization directions
of the first signal and the second signal are perpendicular
to each other. For ease of drawing, FIG. 1 shows only
an example in which one patch 120 includes two feed
points 121.

[0018] Inconclusion, according to the antenna unit pro-
vided in this embodiment of the present invention, when
at least two patches with different frequencies are super-
posed, one feed point is connected to one feed port, so
that the feed port outputs only one signal, and there is
no need to add a filter after the feed port to separate
signals with different frequencies. This resolves a prob-
lem that a structure of an antenna unit is complex be-
cause circuit implementation of adding a filter after afeed
port in a dual-band antenna to separate signals is com-
plex, so that the structure of the antenna unit is simplified.
[0019] Referring to FIG. 1, the antenna unit provided
in this embodiment of the present invention may include
a baseplate 110 and k patches 120 that are above the
baseplate 110 and parallel to the baseplate 110, where
an (i+1)th patch 120 is above an ith patch 120, k> 1, and
i<k

[0020] The baseplate 110 is made of a metallic mate-
rial. For example, the baseplate 110 may be made of
aluminum.

[0021] Each of the k patches 120 included in the an-
tenna unitare parallel to the baseplate 110, and the (i+1)th
patch 120 is above the ith patch 120. That is, a projection
of the (i+1)th patch 120 is above that of the ith patch 120
in a predetermined direction, and the predetermined di-
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rection is a perpendicular direction of a plane on which
the (i+1)th patch 120 is located.

[0022] In a preferred solution, central points of the k
patches 120 and the baseplate 110 are on a same linear
axis, so as to ensure that a directivity pattern of the an-
tenna unit does not shift.

[0023] Each of the k patches 120 corresponds to one
frequency band. For example, a first patch 120 corre-
sponds to a frequency band 1 of 2.6 GHz, a second patch
120 corresponds to a frequency band 2 of 3.5 GHz, and
a third patch 120 corresponds to a frequency band 3 of
5 GHz.

[0024] In a first possible implementation, each patch
120 includes afirst feed point 121, the first feed point 121
is connected to a first feed port 130, and the first feed
port 130 is configured to output a first signal. The first
feed port 130 is located outside the patch, and the first
signal is a single polarization signal.

[0025] When the first feed point 121 of each patch 120
is connected to the first feed port 130, the first feed port
130 outputs only one single polarization signal. In this
case, there is no need to add a filter after the first feed
port 130 to separate signals. This resolves a problem
that a structure of an antenna unit is complex because
circuit implementation of adding a filter after a feed port
to separate two signals is complex, so that the structure
of the antenna unit is simplified.

[0026] In a second possible implementation, referring
to a schematic structural diagram of another antenna unit
shown in FIG. 2A, each patch 120 includes a first feed
point 121 and a second feed point 121, the first feed point
121 is connected to a first feed port 130, the second feed
point 121 is connected to a second feed port 130, the
first feed port 130 outputs a first signal, and the second
feed port 130 outputs a second signal. Frequencies of
the first signal and the second signal are the same, and
polarization directions of the first signal and the second
signal are perpendicular to each other. The first feed port
130 and the second feed port 130 are located outside
the patch.

[0027] For example, when a first patch 120 corre-
sponds to a frequency band 1 of 2.6 GHz, and a polari-
zation direction is =45°, afirst feed port 130 correspond-
ing to the first patch 120 outputs a signal whose polari-
zation direction is 45° and that is of the frequency band
1 of 2.6 GHz, and a second feed port 130 corresponding
to the first patch 120 outputs a signal whose polarization
direction is -45° and that is of the frequency band 1 of
2.6 GHz. When a second patch 120 corresponds to a
frequency band 2 of 3.5 GHz, and a polarization direction
is £45°, afirst feed port 130 corresponding to the second
patch 120 outputs a signal whose polarization direction
is 45° and that is of the frequency band 2 of 3.5 GHz,
and a second feed port 130 corresponding to the second
patch 120 outputs a signal whose polarization direction
is -45° and that is of the frequency band 2 of 3.5 GHz.
[0028] A shape of each feed point 121 may be inde-
pendently set. For example, the shape of the feed point
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121 may be set as a rectangle, a triangle, a circle, a reg-
ular polygon, or the like. This is not limited in this embod-
iment. In addition, a location of each feed point 121 may
also be independently set, and details are not described
in this embodiment.

[0029] Each feed port 130 outputs only one signal, and
there is no need to add a filter after the feed port 130 to
separate signals. Therefore, each feed port 130 can di-
rectly output a signal, and a structure of the antenna unit
is simplified.

[0030] It should be noted that the antenna unit further
includes a feeding network 140, and each feeding net-
work 140 is connected to at least one feed port 130.
[0031] When the antenna unit provided in this embod-
iment operates, a correlation between the k patches 120
is as follows:

For a frequency band i corresponding to the ith patch, the
ith patch is a radiation patch for the frequency band i; any
jth patch is a director patch for the frequency band i, where
i <j < k+1; any mth patch is a reflection patch of the
frequency i, where m <i; and the baseplate is a reflection
panel.

[0032] For example, it is assumed that k = 3, and the
example in which the first patch 120 corresponds to the
frequency band 1 of 2.6 GHz, the second patch 120 cor-
responds to the frequency band 2 of 3.5 GHz, and the
third patch 120 corresponds to the frequency band 3 of
5 GHz is still used for description. In this case, for the
frequency band 1, the first patch is a radiation patch, the
second patch and the third patch that are above the ra-
diation patch are director patches, and the baseplate is
a reflection panel. For the frequency band 2, the second
patch is a radiation patch, the third patch above the ra-
diation patch is a director patch, the first patch below the
radiation patch is a reflection patch, and the baseplate
is a reflection panel. For the frequency band 3, the third
patch is a radiation patch, the first patch and the second
patch that are below the radiation patch are reflection
patches, and the baseplate is a reflection panel.

[0033] Itcanbelearnedaccordingtothe foregoing con-
tent that one patch 120 may be a director patch, a radi-
ation patch, or a reflection patch. This specifically de-
pends on a frequency band for which the patch 120 func-
tions. The example in which k = 3 is still used for descrip-
tion. In this case, the first patch is a radiation patch for
the frequency band 1, and is a reflection patch for the
frequency band 2 and the frequency band 3. The second
patch is a director patch for the frequency band 1, is a
radiation patch for the frequency band 2, and is a reflec-
tion patch for the frequency band 3. The third patch is a
director patch for the frequency band 1 and the frequency
band 2, and is a radiation patch for the frequency band 3.
[0034] Refer to a schematic diagram of a current di-
rection shown in FIG. 2B. A direction of a vertical arrow
that points upwards in a left view is the current direction,
and two paths of currents vertically flow from the base-
plate 110 to a first patch. When the currents arrive at two
feed points 121 of the first patch, radiation is performed,
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a second patch plays a directive role, and the baseplate
plays a reflection role. When the currents flow to two feed
points 121 of the second patch, radiation is performed,
and the first patch and the baseplate play a reflection
role. A right view is structural decomposition of an anten-
na unit.

[0035] Generally, when there are multiple director
patches for a radiation patch, a director patch adjacent
to the radiation patch plays a biggest directive role, and
directive roles of other director patches may be ignored.
When there are multiple reflection patches for a radiation
patch, a reflection patch adjacent to the radiation patch
plays abiggestreflectionrole, and reflection roles of other
reflection patches may be ignored.

[0036] Inthis embodiment, a center frequency of a fre-
quency band i corresponding to the ith patch is in a neg-
ative correlation to an area of the ith patch. In addition,
bandwidth of a frequency band (i+1) corresponding to
the (i+1)th patch is in a negative correlation to a height
between the (i+1)th patch and the ith patch.

[0037] In a possible implementation scenario, if an ar-
ea of the (i+1)th patch is adjusted, a center frequency of
the frequency band (i+1) accordingly changes. When the
(i+1)th patch is used as a director patch of the ith patch,
adjustment to the area of the (i+1)th patch also affects
the frequency band i. In this case, a height between the
ith patch and an (i-1)th patch is adjusted to compensate
for impact on the frequency band i.

[0038] Itshould be noted thatimpactimposed on band-
width by a height between a radiation patch and a reflec-
tion patch is greater than impact imposed on bandwidth
by a height between a director patch and a radiation
patch.

[0039] A center frequency corresponding to a patch is
in a negative correlation to an area of the patch. There-
fore, to obtain a multi-band antenna, areas of all patches
may be set to be unequal. It is still assumed that k = 3,
the first patch 120 corresponds to the frequency band 1
of 2.6 GHz, the second patch 120 corresponds to the
frequency band 2 of 3.5 GHz, and the third patch 120
corresponds to the frequency band 3 of 5 GHz. In this
case, an area of the first patch is the largest, an area of
the second patch is slightly smaller, and an area of the
third patch is the smallest.

[0040] In actual implementation, when the area of the
ith patch is equal to the area of the (i+1)th patch, a center
frequency of the (i+1)th patch is pulled by the reflection
panel and the reflection patch located below, and is slight-
ly greater than a center frequency of the ith patch. For
example, the center frequency corresponding to the ith
patch is 3.3 GHz, and the center frequency correspond-
ing to the (i+1)th frequency is 3.5 GHz.

[0041] Therefore, in a preferred solution, the area of
the (i+1)th patch is less than or equal to the area of the
ith patch.

[0042] Refer to a schematic diagram of first emulation
of an antenna unit in FIG. 2C. The antenna unit meets a
requirement that a standing wave is less than -10 dB for
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2.5 GHz to 2.7 GHz.

[0043] Refer to a schematic diagram of second emu-
lation of an antenna unit in FIG. 2D. The antenna unit
also meets a requirement that a standing wave is less
than -10 dB for 3.4 GHz to 3.6 GHz.

[0044] It should be noted that in a related technology,
each probe is connected to a first feed point of each ra-
diation patch, and is connected to a second feed point
of adirector patch. The probe is a conductor and a current
is the largest at a feed point. In this case, a current loop
is formed between the radiation patch and the director
patch. When a center frequency of a frequency band cor-
responding to the director patch is relatively close to a
center frequency of a frequency band corresponding to
the radiation patch, coupling between the director patch
and the radiation patch is relatively strong, and the direc-
tor patch plays a radiation role. In this case, the director
patch cannot be distinguished from the radiation patch.
Consequently, an antenna unit cannot receive or send a
signal. Therefore, a difference between center frequen-
cies of two frequency bands of the antenna unit needs
to be relatively large in an implementation of the feed
point in the related technology. However, in this embod-
iment, when a center frequency of a frequency band cor-
responding to a director patch is relatively close to a cent-
er frequency of a frequency band corresponding to a ra-
diation patch, coupling between the director patch and
the radiation patch is relatively weak because the director
patch and the radiation patch are not connected by using
a probe, and the director patch still plays a directive role.
Therefore, a difference between center frequencies of
two frequency bands of the antenna unit does not need
to be relatively large away from each other in an imple-
mentation of a feed point. When center frequencies of
two frequency bands of the antenna unit are relatively
close to each other, the two frequency bands may be
considered as a relatively broad frequency band. That
is, the antenna unit in this embodiment can be imple-
mented as a broadband antenna. For example, when
center frequencies of two frequency bands are 2.4 GHz
and 3 GHz, a broadband antenna of 2.4 GHz to 3 GHz
can be implemented.

[0045] Inconclusion, according to the antenna unit pro-
vided in this embodiment of the present invention, when
at least two patches with different frequencies are super-
posed, one feed point is connected to one feed port, so
that the feed port outputs only one signal, and there is
no need to add a filter after the feed port to separate
signals with different frequencies. This resolves a prob-
lem that a structure of an antenna unit is complex be-
cause circuit implementation of adding a filter after afeed
port in a dual-band antenna to separate signals is com-
plex, so that the structure of the antenna unit is simplified.
[0046] In addition, the center frequency of the frequen-
cy band (i+1) is in a negative correlation to the area of
the (i+1)t" patch, and the bandwidth of the frequency
band (i+1) is in a negative correlation to the height be-
tween the (i+1)t patch and the ith patch. A center fre-
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quency band of a frequency band can be adjusted by
setting a patch area and a height, so that receiving ac-
curacy of the antenna unit is improved.

[0047] Referringto FIG. 3, FIG. 3 is a schematic struc-
tural diagram of an antenna array according to an em-
bodiment of the present invention. The antenna array
may include at least two first antenna units. The first an-
tenna unit is the antenna unit shown in FIG. 1, FIG. 2A,
or FIG. 2B.

[0048] The at least two first antenna units may form
the antenna array by means of arrangement. A distance
between central locations of all first antenna units in one
row of first antenna units may be equal or unequal to a
distance between central locations of all first antenna
units in one column of first antenna units. This is not lim-
ited in this embodiment. The central location may be re-
ferred to as a physical center or the like. Details are not
repeatedly described below.

[0049] An example in which a first antenna unit in-
cludes two patches is used in FIG. 3 for description. In
addition, a center frequency of a frequency band corre-
sponding to a first patch is less than a center frequency
of a frequency band corresponding to a second patch. A
larger area of a patch indicates a smaller center frequen-
cy of a frequency band corresponding to the patch.
Therefore, an area of the first patch is greater than an
area of the second patch. In FIG. 3, an outer block 301
represents the first patch, and an inner block 302 repre-
sents the second patch. A distance between two adjacent
outer blocks 301 is less than a distance between two
adjacent inner blocks 302. Therefore, it is relatively sim-
ple to implement beamforming between low frequency
signals, and a beamforming effect is also relatively favo-
rable, that is, an effect of receiving and sending a low
frequency signal by such an antenna array is relatively
favorable.

[0050] An embodiment of the present invention pro-
vides a schematic structural diagram of another antenna
array. The antenna array may include at least two first
antenna units and at least one second antenna unit. A
central location of the second antenna unit is deployed
according to at least one of the following manners: on a
connection line of central locations of two first antenna
units in @ same row, or on a connection line of central
locations of two first antenna units in a same column, or
on a connection line of central locations of two second
antenna units in a same row, or on a connection line of
central locations of two second antenna units in a same
column. The first antenna unit is the antenna unit shown
in FIG. 1, FIG. 2A, or FIG. 2B.

[0051] In a first possible implementation, the central
location of the second antenna unit is on the connection
line of the central locations of the two first antenna units
in the same row, or the connection line of the central
locations of the two second antenna units in the same
row.

[0052] When there are one or two columns of second
antenna units between two columns of first antenna units,
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a central location of each second antenna unit is on the
connection line of the central locations of the two first
antenna units in the same row. When there are three or
more columns of second antenna units between two col-
umns of first antenna units, central locations of some
second antenna units are on the connection line of the
central locations of the two first antenna units in the same
row, and central locations of the other second antenna
units are on the connection line of the central locations
of the two second antenna units in the same row.
[0053] Referring to FIG. 4, an example in which a first
antenna unit includes two patches is used in FIG. 4 for
description. In addition, an outer block 401 represents a
first patch, and an inner block 402 represents a second
patch. For a specific rule, refer to descriptions in the em-
bodiment shown in FIG. 3.

[0054] Generally, there is an antenna transmitting a
high frequency signal between antennas transmitting a
low frequency signal. Therefore, a second antenna unit
between outer blocks 401 is an antenna transmitting a
high frequency signal, and a block 403 represents the
second antenna unit. A center frequency of a frequency
band corresponding to the second antenna unitis greater
than a center frequency of a frequency band correspond-
ing to the first patch, and a magnitude relationship be-
tween the center frequency of the frequency band cor-
responding to the second antenna unit and a center fre-
quency of a frequency band corresponding to the second
patch is not limited in this embodiment. In this embodi-
ment, the high frequency signal is relative to the low fre-
quency signal, and specific frequency bands of the high
frequency signal and the low frequency signal are not
limited. Details are not repeatedly described below.
[0055] In arow direction, a distance between two ad-
jacent outer blocks 401 is greater than a distance be-
tween an inner block 402 and a block 403 that are adja-
cent to each other. Therefore, it is relatively simple to
implement beamforming between high frequency sig-
nals, and a beamforming effect is also relatively favora-
ble, that is, an effect of receiving and sending a high
frequency signal by such an antenna array is relatively
favorable.

[0056] In a second possible implementation, the cen-
tral location of the second antenna unit is on the connec-
tion line of the central locations of the two first antenna
units in the same column, or the connection line of the
central locations of the two second antenna units in the
same column.

[0057] When there are one or two rows of second an-
tenna units between two rows of first antenna units, a
central location of each second antenna unit is on the
connection line of the central locations of the two first
antenna units in the same column. When there are three
or more rows of second antenna units between two rows
of first antenna units, central locations of some second
antenna units are on the connection line of the central
locations of the two first antenna units in the same col-
umn, and central locations of the other second antenna
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units are on the connection line of the central locations
of the two second antenna units in the same column.
[0058] Referring to FIG. 5, an example in which a first
antenna unit includes two patches is used in FIG. 5 for
description. In addition, an outer block 501 represents a
first patch, aninner block 502 represents a second patch,
and a block 503 represents a second antenna unit. For
a specific rule, refer to descriptions in the embodiment
shown in FIG. 3. A center frequency of a frequency band
corresponding to the second antenna unit is greater than
a center frequency of a frequency band corresponding
to the first patch, and a magnitude relationship between
the center frequency of the frequency band correspond-
ing to the second antenna unit and a center frequency
of a frequency band corresponding to the second patch
is not limited in this embodiment.

[0059] In a column direction, a distance between two
adjacent outer blocks 501 is greater than a distance be-
tween an inner block 502 and a block 503 that are adja-
cent to each other. Therefore, it is relatively simple to
implement beamforming between high frequency sig-
nals, and a beamforming effect is also relatively favora-
ble, that is, an effect of receiving and sending a high
frequency signal by such an antenna array is relatively
favorable.

[0060] In a third possible implementation, the central
location of the second antenna unit is on the connection
line of the central locations of the two first antenna units
in the same row, or the connection line of the central
locations of the two first antenna units in the same col-
umn, or the connection line of the central locations of the
two second antenna units in the same row, or the con-
nection line of the central locations of the two second
antenna units in the same column.

[0061] Referring to FIG. 6, an example in which a first
antenna unit includes two patches is used in FIG. 6 for
description. In addition, an outer block 601 represents a
first patch, aninner block 602 represents a second patch,
and a block 603 represents a second antenna unit. For
a specific rule, refer to descriptions in the embodiment
shown in FIG. 3. A center frequency of a frequency band
corresponding to the second antenna unit is greater than
a center frequency of a frequency band corresponding
to the first patch, and a magnitude relationship between
the center frequency of the frequency band correspond-
ing to the second antenna unit and a center frequency
of a frequency band corresponding to the second patch
is not limited in this embodiment.

[0062] In both a row direction and a column direction,
a distance between two adjacent outer blocks 601 is
greater than a distance between an inner block 602 and
a block 603 that are adjacent to each other. Therefore,
it is relatively simple to implement beamforming between
high frequency signals, and a beamforming effect is also
relatively favorable, that is, an effect of receiving and
sending a high frequency signal by such an antennaarray
is relatively favorable.

[0063] In afourth possible implementation, the central
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location of the second antenna unit is on the connection
line of the central locations of the two first antenna units
in the same column. That is, a required antenna topology
form can be obtained by shifting each column of second
antenna units between two columns of first antenna units
shown in FIG. 6 downwards by a specific distance.
[0064] Referring to FIG. 7, an example in which a first
antenna unit includes two patches is used in FIG. 7 for
description. In addition, an outer block 701 represents a
first patch, aninnerblock 702 represents a second patch,
and a block 703 represents a second antenna unit. For
a specific rule, refer to descriptions in the embodiment
shown in FIG. 3. A center frequency of a frequency band
corresponding to the second antenna unitis greater than
a center frequency of a frequency band corresponding
to the first patch, and a magnitude relationship between
the center frequency of the frequency band correspond-
ing to the second antenna unit and a center frequency
of a frequency band corresponding to the second patch
is not limited in this embodiment.

[0065] In both a row direction and a column direction,
a distance between two adjacent outer blocks 701 is
greater than a distance between an inner block 702 and
a block 703 that are adjacent to each other. Therefore,
itis relatively simple to implement beamforming between
high frequency signals, and a beamforming effect is also
relatively favorable, that is, an effect of receiving and
sending a high frequency signal by such an antenna array
is relatively favorable.

[0066] It should be noted that a distance d1 between
central locations of two adjacent high frequency anten-
nas in FIG. 7 is equal to a distance d2 between central
locations of two adjacent high frequency antennasin FIG.
6. In this case, a distance between first patches of two
adjacent first antenna units in FIG. 7 is closer than that
in FIG. 6. Therefore, it is relatively simple to implement
beamforming between low frequency signals, and a
beamforming effect is also relatively favorable, that is,
an effect of receiving and sending a low frequency signal
by such an antenna array is relatively favorable.

[0067] The sequence numbers of the foregoing em-
bodiments of the present invention are merely for illus-
trative purposes, and are not intended to indicate priori-
ties of the embodiments.

[0068] A personofordinary skillinthe art may be aware
that, in combination with the examples described in the
embodiments disclosed in this specification, units and
algorithm steps may be implemented by electronic hard-
ware or a combination of computer software and elec-
tronic hardware. Whether the functions are performed by
hardware or software depends on particular applications
and design constraint conditions of the technical solu-
tions. A person skilled in the art may use different meth-
ods to implement the described functions for each par-
ticular application, but it should not be considered that
the implementation goes beyond the scope of the present
invention.

[0069] It may be clearly understood by a person skilled
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in the art that, for the purpose of convenient and brief
description, for a detailed working process of the forego-
ing system, apparatus, and unit, refer to a corresponding
process in the foregoing method embodiments, and de-
tails are not described herein again.

[0070] Inthe several embodiments provided in this ap-
plication, it should be understood that the disclosed sys-
tem, apparatus, and method may be implemented in oth-
er manners. For example, the described apparatus em-
bodiment is merely an example. For example, the unit
division may merely be logical function division and may
be other division in actual implementation. For example,
a plurality of units or components may be combined or
integrated into another system, or some features may be
ignored or not performed. In addition, the displayed or
discussed mutual couplings or direct couplings or com-
munication connections may be implemented by using
some interfaces. The indirect couplings or communica-
tion connections between the apparatuses or units may
beimplementedin electronic, mechanical, or other forms.
[0071] The units described as separate parts may or
may not be physically separate, and parts displayed as
units may or may not be physical units, may be located
in one position, or may be distributed on a plurality of
network units. Some or all of the units may be selected
according to actual requirements to achieve the objec-
tives of the solutions of the embodiments.

[0072] In addition, functional units in the embodiments
of the present invention may be integrated into one
processing unit, or each of the units may exist alone phys-
ically, or two or more units may be integrated into one unit.
[0073] Whenthe functions areimplemented in the form
of a software functional unit and sold or used as an in-
dependent product, the functions may be stored in a com-
puter-readable storage medium. Based on such an un-
derstanding, the technical solutions of the presentinven-
tion essentially, or the part contributing to the prior art,
or some of the technical solutions may be implemented
in a form of a software product. The software product is
stored in a storage medium, and includes several instruc-
tions for instructing a computer device (which may be a
personal computer, a server, or a network device) to per-
form all or some of the steps of the methods described
in the embodiments of the present invention. The fore-
going storage medium includes: any medium that can
store program code, such as a USB flash drive, a remov-
able hard disk, a read-only memory (Read-Only Memory,
ROM), a random access memory (Random Access
Memory, RAM), a magnetic disk, or an optical disc.
[0074] The foregoing descriptions are merely specific
implementations of the present invention, but are not in-
tended to limit the protection scope of the presentinven-
tion. Any variation or replacement readily figured out by
a person skilled in the art within the technical scope dis-
closed in the present invention shall fall within the pro-
tection scope of the presentinvention. Therefore, the pro-
tection scope of the present invention shall be subject to
the protection scope of the claims.

10

15

20

25

30

35

40

45

50

55

Claims

1. An antenna unit, wherein the antenna unit compris-
es:

a baseplate and k patches that are above the
baseplate and parallel to the baseplate, wherein
an (i+1)t patch is above an ith patch, k > 1, and
i <k; wherein

each patch comprises a first feed point, the first
feed point is connected to a first feed port, and
the first feed port is configured to output a first
signal; or

each patch comprises a first feed point and a
second feed point, the first feed pointis connect-
ed to a first feed port, the second feed point is
connected to a second feed port, the first feed
port outputs a first signal, the second feed port
outputs a second signal, frequencies of the first
signal and the second signal are the same, and
polarization directions of the first signal and the
second signal are perpendicular to each other.

2. The antenna unit according to claim 1, wherein a
center frequency of a frequency band i correspond-
ing to the ith patch is in a negative correlation to an
area of the ith patch.

3. Theantennaunitaccordingtoclaim 1, wherein band-
width of a frequency band (i+1) corresponding to the
(i+1)th patch is in a negative correlation to a height
between the (i+1)t patch and the ith patch.

4. The antenna unit according to any one of claims 1
to 3, wherein
for the frequency band i corresponding to the ith
patch, the ith patch is a radiation patch for the fre-
quency band i; any jth patch is a director patch for
the frequency band i, wherein i < j < k+1; any mth
patch is a reflection patch of the frequency i, wherein
m < i; and the baseplate is a reflection panel.

5. The antenna unit according to any one of claims 1
to 4, wherein an area of the (i+1)th patch is less than
or equal to the area of the ith patch.

6. The antenna unit according to any one of claims 1
to 5, wherein central points of the k patches and the
baseplate are on a same linear axis.

7. An antenna array, wherein the antenna array com-
prises at least two antenna units according to any
one of claims 1 to 6.

8. The antenna array according to claim 7, wherein the
antenna array further comprises at least one second
antenna unit, a central location of the second anten-
na unit is deployed according to at least one of the
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following manners: on a connection line of central
locations of the two first antenna units in a same row,
or on a connection line of central locations of the two
first antenna units in a same column, or on a con-
nection line of central locations of the two second
antenna units in a same row, or on a connection line
of central locations of the two second antenna units
in a same column.

The antenna array according to claim 7 or 8, wherein
the first antenna unit comprises at least two patches,
and a center frequency of a frequency band corre-
sponding to a first patch is less than a center fre-
quency of a frequency band corresponding to any
other patch; and

a center frequency of a frequency band correspond-
ing to the second antenna unit is greater than the
center frequency of the frequency band correspond-
ing to the first patch.
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