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(54) HIGH GAIN AND LARGE BANDWIDTH ANTENNA INCORPORATING A BUILT-IN 
DIFFERENTIAL FEEDING SCHEME

(57) The present disclosure relates to a communica-
tion method and system for converging a 5th-Generation
(5G) communication system for supporting higher data
rates beyond a 4th-Generation (4G) system with a tech-
nology for Internet of Things (IoT). The present disclosure
may be applied to intelligent services based on the 5G
communication technology and the loT-related technol-
ogy, such as smart home, smart building, smart city,
smart car, connected car, health care, digital education,
smart retail, security and safety services. An antenna and
a base station including the antenna. The antenna in-
cludes a sub-array that includes first and second unit
cells and a feed network. The first and second unit cells
comprise first and second patches, respectively, having

quadrilateral shapes. The feed network comprises a first
transmission line terminating below first corners of the
first and second patches, respectively; a second trans-
mission line terminating below third corners of the first
and second patches, respectively; a third transmission
line terminating below a second corner of the first patch
and a fourth corner of the second patch; and a fourth
transmission line terminating below a fourth corner of the
first patch and a second corner of the second patch. The
first corners are opposite the third corners on the respec-
tive first and second patches and the second corners are
opposite the fourth corners on the respective first and
second patches.
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Description

[Technical Field]

[0001] The present disclosure relates generally to an
antenna structure. More specifically, the present disclo-
sure relates to an antenna structure that generates a
moderate radiated gain over a large frequency range.

[Background Art]

[0002] To meet the demand for wireless data traffic
having increased since deployment of 4G communica-
tion systems, efforts have been made to develop an im-
proved 5G or pre-5G communication system. Therefore,
the 5G or pre-5G communication system is also called a
’Beyond 4G Network’ or a ’Post LTE System’. The 5G
communication system is considered to be implemented
in higher frequency (mmWave) bands, e.g., 60GHz
bands, so as to accomplish higher data rates. To de-
crease propagation loss of the radio waves and increase
the transmission distance, the beamforming, massive
multiple-input multiple-output (MIMO), Full Dimensional
MIMO (FD-MIMO), array antenna, an analog beam form-
ing, large scale antenna techniques are discussed in 5G
communication systems. In addition, in 5G communica-
tion systems, development for system network improve-
ment is under way based on advanced small cells, cloud
Radio Access Networks (RANs), ultra-dense networks,
device-to-device (D2D) communication, wireless back-
haul, moving network, cooperative communication, Co-
ordinated Multi-Points (CoMP), reception-end interfer-
ence cancellation and the like. In the 5G system, Hybrid
FSK and QAM Modulation (FQAM) and sliding window
superposition coding (SWSC) as an advanced coding
modulation (ACM), and filter bank multi carrier (FBMC),
non-orthogonal multiple access(NOMA), and sparse
code multiple access (SCMA) as an advanced access
technology have been developed.
[0003] The Internet, which is a human centered con-
nectivity network where humans generate and consume
information, is now evolving to the Internet of Things (loT)
where distributed entities, such as things, exchange and
process information without human intervention. The In-
ternet of Everything (loE), which is a combination of the
loT technology and the Big Data processing technology
through connection with a cloud server, has emerged.
As technology elements, such as "sensing technology",
"wired/wireless communication and network infrastruc-
ture", "service interface technology", and "Security tech-
nology" have been demanded for loT implementation, a
sensor network, a Machine-to-Machine (M2M) commu-
nication, Machine Type Communication (MTC), and so
forth have been recently researched. Such an loT envi-
ronment may provide intelligent Internet technology serv-
ices that create a new value to human life by collecting
and analyzing data generated among connected things.
IoT may be applied to a variety of fields including smart

home, smart building, smart city, smart car or connected
cars, smart grid, health care, smart appliances and ad-
vanced medical services through convergence and com-
bination between existing Information Technology (IT)
and various industrial applications.
[0004] In line with this, various attempts have been
made to apply 5G communication systems to loT net-
works. For example, technologies such as a sensor net-
work, Machine Type Communication (MTC), and Ma-
chine-to-Machine (M2M) communication may be imple-
mented by beamforming, MIMO, and array antennas. Ap-
plication of a cloud Radio Access Network (RAN) as the
above-described Big Data processing technology may
also be considered to be as an example of convergence
between the 5G technology and the loT technology.

[Disclosure of Invention]

[Technical Problem]

[0005] The concept of Massive Multi-Input Multi-Out-
put (MIMO) is aimed at improving the coverage and spec-
tral efficiency of the next generation of telecommunica-
tion systems. In the next generation of telecommunica-
tion systems, users are dedicated with one or multiple
spatial directions for the intended communication pur-
poses. Massive MIMO-based systems generate multiple
beams and form beams subjectively for a user or a group
of users in order to increase the desired radiation effi-
ciency. Some Massive MIMO antenna systems have a
large number of antenna elements. Therefore, the overall
system’s performance relies on the performance of indi-
vidual elements which have a high gain and a reasonably
small structure compared to the wavelength at the oper-
ating frequency. The operating frequency can range from
2.3-2.6 GHz and/or 3.4-3.6 GHz.
[0006] Because of the design frequency and resulting
wavelength, difficulties arise in designing an antenna el-
ement with a gain of equal or better than ∼6 dB and a
wideband radiation over a range of 3.2-3.9 GHz while
maintaining a simple and cost-effective overall antenna
structure that can be mass-produced.
[0007] Further, filtering masks in requested by Massive
MIMO communication systems are generally realized by
an external filter or filters such as cavity or surface acous-
tic wave filters in order to provide a high roll-off for out-
of-band rejection. These filtering masks can result in loss-
es associated with interconnects to the physical point of
contacts, soldering, and mechanical restriction. These
filtering masks are typically bulky and expensive.

[Solution to Problem]

[0008] In one embodiment, an antenna includes a sub-
array. The sub-array includes first and second unit cells
and a feed network. The first unit cell includes a first
patch. The second unit cell includes a second patch.
Each of the first and second patches have a quadrilateral
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shape. The feed network comprises a first transmission
line, a second transmission line, a third transmission line,
and a fourth transmission line. The first transmission line
terminates below a first corner of the first patch and a
first corner of the second patch. The second transmission
line terminates below a third corner of the first patch and
a third corner of the second patch, wherein the first cor-
ners are opposite the third corners on the respective first
and second patches. The third transmission line termi-
nates below a second corner of the first patch and a fourth
corner of the second patch. The fourth transmission line
terminates below a fourth corner of the first patch and a
second corner of the second patch, wherein the second
corners are opposite the fourth corners on the respective
first and second patches.
[0009] In another embodiment, a base station includes
an antenna including a sub-array. The sub-array includes
first and second unit cells and a feed network. The first
unit cell includes a first patch. The second unit cell in-
cludes a second patch. Each of the first and second
patches have a quadrilateral shape. The feed network
comprises a first transmission line, a second transmis-
sion line, a third transmission line, and a fourth transmis-
sion line. The first transmission line terminates below a
first corner of the first patch and a first corner of the sec-
ond patch. The second transmission line terminates be-
low a third corner of the first patch and a third corner of
the second patch, wherein the first corners are opposite
the third corners on the respective first and second patch-
es. The third transmission line terminates below a second
corner of the first patch and a fourth corner of the second
patch. The fourth transmission line terminates below a
fourth corner of the first patch and a second corner of the
second patch, wherein the second corners are opposite
the fourth corners on the respective first and second
patches.
[0010] In another embodiment, an antenna includes a
sub-array. The sub-array includes a first unit cell, a sec-
ond unit cell, a feed network, and a pair of decoupling
elements. The first unit comprises a first patch. The sec-
ond unit cell comprises a second patch. The feed network
includes a first transmission line and a second transmis-
sion line. The pair of decoupling elements comprises a
first decoupling element corresponding to the first trans-
mission line and a second decoupling element corre-
sponding to the second transmission line.
[0011] In this disclosure, the terms antenna module,
antenna array, beam, and beam steering are frequently
used. An antenna module may include one or more ar-
rays. One antenna array may include one or more an-
tenna elements. Each antenna element may be able to
provide one or more polarizations, for example vertical
polarization, horizontal polarization or both vertical and
horizontal polarizations at or around the same time. Ver-
tical and horizontal polarizations at or around the same
time can be refracted to an orthogonally polarized anten-
na. An antenna module radiates the accepted energy in
a particular direction with a gain concentration. The ra-

diation of energy in the particular direction is conceptually
known as a beam. A beam may be a radiation pattern
from one or more antenna elements or one or more an-
tenna arrays.
[0012] Other technical features may be readily appar-
ent to one skilled in the art from the following figures,
descriptions, and claims.
[0013] Before undertaking the DETAILED DESCRIP-
TION below, it may be advantageous to set forth defini-
tions of certain words and phrases used throughout the
present disclosure. The term "couple" and its derivatives
refer to any direct or indirect communication between two
or more elements, whether or not those elements are in
physical contact with one another. The terms "transmit,"
"receive," and "communicate," as well as derivatives
thereof, encompass both direct and indirect communica-
tion. The terms "include" and "comprise," as well as de-
rivatives thereof, mean inclusion without limitation. The
term "or" is inclusive, meaning and/or. The phrase "as-
sociated with," as well as derivatives thereof, means to
include, be included within, interconnect with, contain,
be contained within, connect to or with, couple to or with,
be communicable with, cooperate with, interleave, juxta-
pose, be proximate to, be bound to or with, have, have
a property of, have a relationship to or with, or the like.
The term "controller" means any device, system or part
thereof that controls at least one operation. Such a con-
troller may be implemented in hardware or a combination
of hardware and software and/or firmware. The function-
ality associated with any particular controller may be cen-
tralized or distributed, whether locally or remotely. The
phrase "at least one of," when used with a list of items,
means that different combinations of one or more of the
listed items may be used, and only one item in the list
may be needed. For example, "at least one of: A, B, and
C" includes any of the following combinations: A, B, C,
A and B, A and C, B and C, and A and B and C.
[0014] Moreover, various functions described below
can be implemented or supported by one or more com-
puter programs, each of which is formed from computer
readable program code and embodied in a computer
readable medium. The terms "application" and "program"
refer to one or more computer programs, software com-
ponents, sets of instructions, procedures, functions, ob-
jects, classes, instances, related data, or a portion there-
of adapted for implementation in a suitable computer
readable program code. The phrase "computer readable
program code" includes any type of computer code, in-
cluding source code, object code, and executable code.
The phrase "computer readable medium" includes any
type of medium capable of being accessed by a compu-
ter, such as read only memory (ROM), random access
memory (RAM), a hard disk drive, a compact disc (CD),
a digital video disc (DVD), or any other type of memory.
A "non-transitory" computer readable medium excludes
wired, wireless, optical, or other communication links that
transport transitory electrical or other signals. A non-tran-
sitory computer readable medium includes media where
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data can be permanently stored and media where data
can be stored and later overwritten, such as a rewritable
optical disc or an erasable memory device.
[0015] Definitions for other certain words and phrases
are provided throughout the present disclosure. Those
of ordinary skill in the art should understand that in many
if not most instances, such definitions apply to prior as
well as future uses of such defined words and phrases.

[Advantageous Effects of Invention]

[0016] Embodiments of the present disclosure include
an antenna and a base station including an antenna.

[Brief Description of Drawings]

[0017] For a more complete understanding of this dis-
closure and its advantages, reference is now made to
the following description, taken in conjunction with the
accompanying drawings, in which like reference numer-
als represent like parts:

FIG. 1 illustrates a system of a network according to
various embodiments of the present disclosure;
FIG. 2 illustrates a base station according to various
embodiments of the present disclosure;
FIG. 3A illustrates a top perspective view of a sub-
array according to various embodiments of the
present disclosure;
FIG. 3B illustrates a side view of a sub-array accord-
ing to various embodiments of the present disclo-
sure;
FIG. 3C illustrates an exploded view of a sub-array
according to various embodiments of the present dis-
closure;
FIGS. 4A-4B illustrate example feed networks ac-
cording to various embodiments of the present dis-
closure;
FIG. 5A illustrates a top perspective view of a sub-
array according to various embodiments of the
present disclosure;
FIG. 5B illustrates a side view of a sub-array accord-
ing to various embodiments of the present disclo-
sure;
FIG. 5C illustrates an exploded view of a sub-array
according to various embodiments of the present dis-
closure; and
FIG. 6 illustrates an example feed network of a sub-
array according to various embodiments of the
present disclosure.

[Mode for the Invention]

[0018] FIGS. 1 through 6, discussed below, and the
various embodiments used to describe the principles of
the present disclosure are by way of illustration only and
should not be construed in any way to limit the scope of
the disclosure. Those skilled in the art will understand

that the principles of the present disclosure may be im-
plemented in any suitably arranged wireless communi-
cation system.
[0019] To meet the demand for wireless data traffic
having increased since deployment of 4G communica-
tion systems, efforts have been made to develop an im-
proved 5G or pre-5G communication system. Therefore,
the 5G or pre-5G communication system is also called a
"beyond 4G network" or a "post LTE system."
[0020] The 5G communication system is considered
to be implemented in higher frequency (mmWave) bands
and sub-6 GHz bands, e.g., 3.5GHz bands, so as to ac-
complish higher data rates. To decrease propagation
loss of the radio waves and increase the transmission
coverage, the beamforming, Massive MIMO, full dimen-
sional MIMO (FD-MIMO), array antenna, an analog beam
forming, large scale antenna techniques and the like are
discussed in 5G communication systems.
[0021] In addition, in 5G communication systems, de-
velopment for system network improvement is under way
based on advanced small cells, cloud radio access net-
works (RANs), ultra-dense networks, device-to-device
(D2D) communication, wireless backhaul communica-
tion, moving network, cooperative communication, coor-
dinated multi-points (CoMP) transmission and reception,
interference mitigation and cancellation and the like.
[0022] FIG. 1 illustrates an example wireless network
according to embodiments of the present disclosure. The
embodiment of the wireless network shown in FIG. 1 is
for illustration only. Other embodiments of the wireless
network 100 could be used without departing from the
scope of this disclosure.
[0023] As shown in FIG. 1, the wireless network 100
includes a gNB 101, a gNB 102, and a gNB 103. The
gNB 101 communicates with the gNB 102 and the gNB
103. The gNB 101 also communicates with at least one
network 130, such as the Internet, a proprietary Internet
Protocol (IP) network, or other data network.
[0024] The gNB 102 provides wireless broadband ac-
cess to the network 130 for a first plurality of UEs within
a coverage area 120 of the gNB 102. The first plurality
of UEs includes a UE 111, which may be located in a
small business (SB); a UE 112, which may be located in
an enterprise (E); a UE 113, which may be located in a
WiFi hotspot (HS); a UE 114, which may be located in a
first residence (R); a UE 115, which may be located in a
second residence (R); and a UE 116, which may be a
mobile device (M), such as a cell phone, a wireless lap-
top, a wireless PDA, or the like. The gNB 103 provides
wireless broadband access to the network 130 for a sec-
ond plurality of UEs within a coverage area 125 of the
gNB 103. The second plurality of UEs includes the UE
115 and the UE 116. In some embodiments, one or more
of the gNBs 101-103 may communicate with each other
and with the UEs 111-116 using 5G, LTE, LTE-A,
WiMAX, WiFi, or other wireless communication tech-
niques.
[0025] Depending on the network type, the term "base
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station" or "BS" can refer to any component (or collection
of components) configured to provide wireless access to
a network, such as transmit point (TP), transmit-receive
point (TRP), an enhanced base station (eNodeB or gNB),
a 5G base station (gNB), a macrocell, a femtocell, a WiFi
access point (AP), or other wirelessly enabled devices.
Base stations may provide wireless access in accord-
ance with one or more wireless communication protocols,
e.g., 5G 3GPP new radio interface/access (NR), long
term evolution (LTE), LTE advanced (LTE-A), high speed
packet access (HSPA), Wi-Fi 802.11a/b/g/n/ac, etc. For
the sake of convenience, the terms "BS" and "TRP" are
used interchangeably in the present disclosure to refer
to network infrastructure components that provide wire-
less access to remote terminals. Also, depending on the
network type, the term "user equipment" or "UE" can refer
to any component such as "mobile station," "subscriber
station," "remote terminal," "wireless terminal," "receive
point," or "user device." For the sake of convenience, the
terms "user equipment" and "UE" are used in the present
disclosure to refer to remote wireless equipment that
wirelessly accesses a BS, whether the UE is a mobile
device (such as a mobile telephone or smartphone) or is
normally considered a stationary device (such as a desk-
top computer or vending machine).
[0026] Dotted lines show the approximate extents of
the coverage areas 120 and 125, which are shown as
approximately circular for the purposes of illustration and
explanation only. It should be clearly understood that the
coverage areas associated with gNBs, such as the cov-
erage areas 120 and 125, may have other shapes, in-
cluding irregular shapes, depending upon the configura-
tion of the gNBs and variations in the radio environment
associated with natural and man-made obstructions.
[0027] Although FIG. 1 illustrates one example of a
wireless network, various changes may be made to FIG.
1. For example, the wireless network could include any
number of gNBs and any number of UEs in any suitable
arrangement. Also, the gNB 101 could communicate di-
rectly with any number of UEs and provide those UEs
with wireless broadband access to the network 130. Sim-
ilarly, each gNB 102-103 could communicate directly with
the network 130 and provide UEs with direct wireless
broadband access to the network 130. Further, the gNBs
101, 102, and/or 103 could provide access to other or
additional external networks, such as external telephone
networks or other types of data networks.
[0028] FIG. 2 illustrates an example gNB 102 accord-
ing to embodiments of the present disclosure. The em-
bodiment of the gNB 102 illustrated in FIG. 2 is for illus-
tration only, and the gNBs 101 and 103 of FIG. 1 could
have the same or similar configuration. However, gNBs
come in a wide variety of configurations, and FIG. 2 does
not limit the scope of this disclosure to any particular im-
plementation of a gNB.
[0029] As shown in FIG. 2, the gNB 102 includes mul-
tiple antennas 205a-205n, multiple radiofrequency (RF)
transceivers 210a-210n, transmit (TX) processing circuit-

ry 215, and receive (RX) processing circuitry 220. The
gNB 102 also includes a controller/processor 225, a
memory 230, and a backhaul or network interface 235.
In various embodiments, the antennas 205a-205n may
be a high gain and large bandwidth antenna that may be
designed based on a concept of multiple resonance
modes and may incorporate a stacked or multiple patch
antenna scheme. For example, in various embodiments,
each of the multiple antennas 205a-205n can include one
or more antenna panels that includes one or more sub-
arrays (e.g., the sub-array 300 illustrated in FIGS. 3A-C
or the sub-array 500 illustrated in FIGS. 5A-5C).
[0030] The RF transceivers 210a-210n receive, from
the antennas 205a-205n, incoming RF signals, such as
signals transmitted by UEs in the wireless network 100.
The RF transceivers 210a-210n down-convert the in-
coming RF signals to generate IF or baseband signals.
The IF or baseband signals are sent to the RX processing
circuitry 220, which generates processed baseband sig-
nals by filtering, decoding, and/or digitizing the baseband
or IF signals. The RX processing circuitry 220 transmits
the processed baseband signals to the controller/proc-
essor 225 for further processing.
[0031] The TX processing circuitry 215 receives ana-
log or digital data (such as voice data, web data, e-mail,
or interactive video game data) from the controller/proc-
essor 225. The TX processing circuitry 215 encodes,
multiplexes, and/or digitizes the outgoing baseband data
to generate processed baseband or IF signals. The RF
transceivers 210a-210n receive the outgoing processed
baseband or IF signals from the TX processing circuitry
215 and up-converts the baseband or IF signals to RF
signals that are transmitted via the antennas 205a-205n.
[0032] The controller/processor 225 can include one
or more processors or other processing devices that con-
trol the overall operation of the gNB 102. For example,
the controller/processor 225 could control the reception
of forward channel signals and the transmission of re-
verse channel signals by the RF transceivers 210a-210n,
the RX processing circuitry 220, and the TX processing
circuitry 215 in accordance with well-known principles.
The controller/processor 225 could support additional
functions as well, such as more advanced wireless com-
munication functions. For instance, the controller/proc-
essor 225 could support beam forming or directional rout-
ing operations in which outgoing/incoming signals
from/to multiple antennas 205a-205n are weighted dif-
ferently to effectively steer the outgoing signals in a de-
sired direction. Any of a wide variety of other functions
could be supported in the gNB 102 by the controller/proc-
essor 225.
[0033] The controller/processor 225 is also capable of
executing programs and other processes resident in the
memory 230, such as an OS. The controller/processor
225 can move data into or out of the memory 230 as
required by an executing process.
[0034] The controller/processor 225 is also coupled to
the backhaul or network interface 235. The backhaul or
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network interface 235 allows the gNB 102 to communi-
cate with other devices or systems over a backhaul con-
nection or over a network. The interface 235 could sup-
port communications over any suitable wired or wireless
connection(s). For example, when the gNB 102 is imple-
mented as part of a cellular communication system (such
as one supporting 5G, LTE, or LTE-A), the interface 235
could allow the gNB 102 to communicate with other gNBs
over a wired or wireless backhaul connection. When the
gNB 102 is implemented as an access point, the interface
235 could allow the gNB 102 to communicate over a wired
or wireless local area network or over a wired or wireless
connection to a larger network (such as the Internet). The
interface 235 includes any suitable structure supporting
communications over a wired or wireless connection,
such as an Ethernet or RF transceiver.
[0035] The memory 230 is coupled to the control-
ler/processor 225. Part of the memory 230 could include
a RAM, and another part of the memory 230 could include
a Flash memory or other ROM.
[0036] Although FIG. 2 illustrates one example of gNB
102, various changes may be made to FIG. 2. For exam-
ple, the gNB 102 could include any number of each com-
ponent shown in FIG. 2. As a particular example, an ac-
cess point could include a number of interfaces 235, and
the controller/processor 225 could support routing func-
tions to route data between different network addresses.
As another particular example, while shown as including
a single instance of TX processing circuitry 215 and a
single instance of RX processing circuitry 220, the gNB
102 could include multiple instances of each (such as
one per RF transceiver). In addition, various components
in FIG. 2 could be combined, further subdivided, or omit-
ted and additional components could be added according
to particular needs.
[0037] FIGS. 3A-3C illustrate a sub-array according to
various embodiments of the present disclosure. FIG. 3A
illustrates a top perspective view of a sub-array according
to various embodiments of the present disclosure. FIG.
3B illustrates a side view of a sub-array according to var-
ious embodiments of the present disclosure. FIG. 3C il-
lustrates an exploded view of a sub-array according to
various embodiments of the present disclosure.
[0038] The sub-array 300 includes a first unit cell and
a second unit cell (for example, the first unit cell 401 and
second unit cell 402 described in FIGS. 4A-4B). The first
unit cell includes a first patch 321 and the second unit
cell includes a second patch 322. A feed network 350 is
provided that feeds each of the first unit cell and the sec-
ond unit cell. The sub-array 300, including the first unit
cell and the second unit cell, comprises a ground plane
305, a first layer 310, a second layer 320, a third layer
330, and a fourth layer 340. The ground plane 305 is
comprised of metal and is positioned on the underside
of the first layer 310.
[0039] The first layer 310 is comprised of a substrate.
The first layer 310 includes a feed network 350 positioned
on the opposite side of the first layer 310 from the ground

plane 305. The feed network 350 transmits power to the
first unit cell and the second unit cell of the sub-array
300. The feed network 350 can be a series/corporate
feed network. The feed network 350 includes a first trans-
mission line 351, a second transmission line 352, a third
transmission line 353, a fourth transmission line 354, a
first excitation port 361, and a second excitation port 362.
The feed network 350 is configured to correspond to the
first patch 321 and the second patch 322 that are provid-
ed in the second layer 320.
[0040] The second layer 320 is comprised of a sub-
strate. For example, the second layer 320 can be a layer
of electromagnetic (EM) or dielectric material. In some
embodiments, a space is provided between the first layer
310 and the second layer 320. The space includes the
feed network 350 but otherwise is an absence of metal-
lization elements. Although illustrated as an empty space
filled with air, the space can include a dielectric material.
The second layer 320 includes the first patch 321 and
the second patch 322. In some embodiments, the first
patch 321 and the second patch 322 are positioned on
top of the second layer 320. For example, the first patch
321 and the second patch 322 can be stuck, staked, or
grown on the second layer 320. The dielectric material
of the second layer 320 allows EM radiation to pass
through the dielectric material of the second layer 320 to
the hollow cavity of the third layer 330. In other embod-
iments, when the second layer 320 is an EM material,
the first patch 321 and the second patch 322 can com-
prise a dielectric material that allows EM radiation to pass
through the first patch 321 and the second patch 322 to
the hollow cavity of the third layer 330.
[0041] Each of the first patch 321 and the second patch
322 are provided in a quadrilateral shape and include
four corners. For example, the first patch 321 includes a
first corner 321a, a second corner 321 b, a third corner
321c, and a fourth corner 321d. The first corner 321a is
arranged opposite of the third corner 321c. The second
corner 321b is arranged opposite of the fourth corner
321d. This description should not be construed as limit-
ing. In various embodiments, the first patch 321 can be
a square, a rectangle, or any other shape where a first
corner is opposite a third corner and a second corner is
opposite a fourth corner.
[0042] The second patch 322 includes a first corner
322a, a second corner 322b, a third corner 322c, and a
fourth corner 322d. The first corner 322a is arranged op-
posite of the third corner 322c. The second corner 322b
is arranged opposite of the fourth corner 322d. This de-
scription should not be construed as limiting. In various
embodiments, the second patch 322 can be a square, a
rectangle, or any other shape where a first corner is op-
posite a third corner and a second corner is opposite a
fourth corner.
[0043] The feed network 350 feeds both of the first unit
cell and the second unit cell and is configured to corre-
spond to the first patch 321 and the second patch 322 in
the second layer 320. For example, the first transmission
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line 351 includes the first excitation port 361 and termi-
nates below the first corner 321a of the first patch 321
and the first corner 322a of the second patch 322. The
second transmission line 352 terminates below the third
corner 321c of the first patch 321 and the third corner
322c of the second patch 322. The third transmission line
353 includes the second excitation port 362 and termi-
nates below the second corner 321b of the first patch
321 and the fourth corner 322d of the second patch 322.
The fourth transmission line 354 terminates below the
fourth corner 321d of the first patch 321 and the second
corner 322b of the second patch 322. Although the term
below is used to describe the termination points of the
first transmission line, second transmission line, third
transmission line, and fourth transmission line, this de-
scription is intended to be relative and should not be con-
strued as a limitation on the orientation of the antennas
or subarrays discussed herein. The termination point can
be modified for perspective and is intended to encom-
pass any position above, around, near, or to the side of
any of the respective corners described above. For ex-
ample, the term terminate below can be used to describe
any of the first transmission line, second transmission
line, third transmission line, and fourth transmission line
terminating more closely to the corner than the center of
the respective patch.
[0044] The third layer 330 is a hollow cavity formed by
an enclosure. The enclosed portion comprises four sides
and is open on each end. The openings on each end of
the cavity enclosure provide an air gap 335 between the
second layer 320 and the fourth layer 340. The air gap
335 allows electromagnetic transmission from the first
patch 321 and second patch 322 to flow through the hol-
low cavity to the fourth layer 340. The third layer 330
improves the isolation and directivity of the sub-array
300.
[0045] The fourth layer 340 is comprised of a substrate.
For example, the fourth layer 340 can be a layer of EM
or dielectric material. The fourth layer 340 includes a third
patch 341 and a fourth patch 342. In some embodiments,
the third patch 341 and the fourth patch 342 are posi-
tioned on the underside of the fourth layer 340 proximate
to the hollow cavity of the third layer 330. For example,
the third patch 341 and fourth patch 342 can be stuck,
staked, or grown on the fourth layer 340. The dielectric
material of the fourth layer 340allows EM radiation to
pass through the fourth layer 340 to be radiated by the
antenna 205a-205n. In other embodiments, when the
fourth layer 340 is an EM material, the third patch 341
and the fourth patch 342 can comprise a dielectric ma-
terial that allows EM radiation to pass through the third
patch 341 and the fourth patch 342 to be radiated by the
antenna 205a-205n.
[0046] The third patch 341 and the fourth patch 342
correspond to the first patch 321 and the second patch
322, respectively, on the second layer 320. The first unit
cell includes the first patch 321 and the third patch 341.
The second unit cell includes the second patch 322 and

the fourth patch 342. Each of the third patch 341 and the
fourth patch 342 are larger than each of the first patch
321 and second patch 322, respectively. In other words,
the third patch 341 of the first unit cell is larger than the
first patch 321 of the first unit cell and the fourth patch
342 of the second unit cell is larger than the second patch
322 of the second unit cell.
[0047] In the sub-array 300, the first patch 321 and the
second patch 322 are positioned proximate to the feed
network 350 and separated from the feed network 350
by the first layer 310. The third patch 341 and the fourth
patch 342 are separated from the first patch 321 and the
second patch 322 by the air gap 335 provided by the third
layer 330. This configuration allows the sub-array 300 to
achieve the desired radiation at a high gain and lower
cross-polarization rejection ratio.
[0048] In some embodiments, one or more sub-arrays
300 can be included in an antenna, for example an an-
tenna 205a-205n. For example, one or more sub-arrays
300 can be developed into an antenna 205n comprising
eight sub-arrays 300 arranged in a two by four arrange-
ment while both the sub-array to sub-array and port-to-
port isolations are maintained at high levels. In another
example, one or more sub-arrays 300 can be developed
into an antenna 205n comprising sixteen sub-arrays 300
arranged in one by sixteen, two by eight, or four by four
arrangements while both the sub-array to sub-array and
port-to-port isolations are maintained at high levels.
These examples are not intended as limiting, and in some
embodiments one or more sub-arrays 300 can be devel-
oped into antennas 205n comprising one hundred or
more sub-arrays 300 while both the sub-array to sub-
array and port-to-port isolations are maintained at high
levels. In any of the above-examples, the sub-array 300
can propagate fields at the slanted +45 degree and -45
degree polarizations at or around the same time. Em-
bodiments of the present disclosure, for example the em-
bodiments described herein in FIGS. 3A-3C, can radiate
orthogonal polarization with an advantageous level of
cross-polarization rejection.
[0049] In various embodiments, the available area for
each sub-array 300 arranged in the antenna 205a-205n
can be less than 10,000 square millimeters. For example,
the sub-array 300 arranged in the antenna 205a-205n
can be arranged on a 62.5 mm by 132 mm area. This
particular arrangement, when implemented in an anten-
na 205a-205n, can be utilized to radiate the field at the
highly isolated orthogonal polarizations including slanted
+45 degree and -45 degree polarizations as previously
described. In some embodiments where sixteen sub-ar-
rays 300 are used to create an antenna 205a-205n, the
sub-arrays 300 can have a spacing of 0.74 λ toward the
azimuth and a spacing of 1.48 λ toward the elevation
direction.
[0050] FIGS. 4A-4B illustrate example feed networks
of a sub-array according to various embodiments of the
present disclosure. The sub-array 400 can be the sub-
array 300. The feed network 405 can be the feed network
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350. The feed network 405 can be a series/corporate
feed network.
[0051] The feed network 405 can be the feed network
350 illustrated in FIGS. 3A-3C. The feed network 405 is
deposited on a substrate. The feed network 405 includes
a first transmission line 431, a second transmission line
432, a third transmission line 433, and a fourth transmis-
sion line 434. The first transmission line 431 includes a
first excitation port 441. The third transmission line 433
includes a second excitation port 442. The first transmis-
sion line 431 can be the first transmission line 351, the
second transmission line 432 can be the second trans-
mission line 352, the third transmission line 433 can be
the third transmission line 353, the fourth transmission
line 434 can be the fourth transmission line 354, the first
excitation port 441 can be the first excitation port 361,
and the second excitation port 442 can be the second
excitation port 362.
[0052] FIGS. 4A-4B also illustrate a first unit cell 401
and a second unit cell 402. The first unit cell 401 includes
a first patch 411 and a third patch 421. The second unit
cell 402 includes a second patch 412 and a fourth patch
422. The first patch 411 can be the first patch 321. The
second patch 412 can be the second patch 322. The third
patch 421 can be the third patch 341. The fourth patch
422 can be the fourth patch 342.
[0053] The arrangement of the transmission lines
431-434 provides a differential feeding scheme that re-
duces cross-polarization of the sub-array 400 and phase-
adjustment of both polarizations. For example, the first
transmission line 431 is configured to provide a differen-
tial feeding scheme for a first polarization that is a +45
degree and -45 degree slanted polarization. The first
transmission line 431 feeds the first corner 411a of the
first patch 411 and the first corner 412a of the second
patch 412. The third transmission line 433 is configured
to provide a differential feeding scheme for a second po-
larization that is a +45 degree and -45 degree slanted
polarization. The third transmission line 433 feeds the
second corner 411b of the first patch 411 and the fourth
corner 412d of the second patch 412.
[0054] The second transmission line 432 provides
phase-adjustment for the first polarization that is fed by
the first transmission line 431. The second transmission
line 432 feeds the third corner 411c of the first patch 411
and the third corner 412c of the second patch 412. The
fourth transmission line 434 provides phase adjustment
for the second polarization that is fed by third transmis-
sion line 433. The fourth transmission line 434 feeds the
fourth corner 411d of the first patch 411 and the second
corner 412b of the second patch 412.
[0055] The transmission lines 431-434 are intercon-
nected by the first patch 411 and the second patch 412.
In some embodiments, the feeding mechanism fed to
each of the first unit cell 401 and the second unit cell 402
by the first transmission line 431 and the third transmis-
sion line 433 can be referred to as diagonal feeding. In
some embodiments, the feeding mechanism fed to the

sub-array 400 by the transmission lines 431-434 through
the first patch 411 and the second patch 412 can be re-
ferred to as corner feeding or cross-corner feeding. For
example, power can be introduced to the sub-array 400
by the first excitation port 441. From the first excitation
port 441, the power is divided in half and fed through the
first transmission line 431 to each of the first corner 411a
of the first patch 411 and the first corner 412a of the
second patch 412. The power can be divided in half by
a power divider (not pictured). The power can be trans-
ferred from the first transmission line 431 to the first patch
411 and the second patch 412 by proximity coupling ex-
citation. Proximity coupling excitation allows the power
to be transferred to the first patch 411 and the second
patch 412 without physical contact. This enables the first
transmission line 431 and the first patch 411 and the sec-
ond patch 412 to be located on different layers of the
sub-array 400.
[0056] From the first corner 411a, the power is fed
through the first patch 411 and received by the second
transmission line 432 at the third corner 411c. The sec-
ond transmission line 432 adjusts the phase of the power
and cycles the power to the third corner 412c. The power
is then fed through the second patch 412 and received
at the first corner 412a. At or around the same time, the
power introduced by the sub-array 400 is also fed through
the first transmission line 431 to the first corner 412a.
From the first corner 412a, the power is fed through the
second patch 412 and received by the second transmis-
sion line 432 at the third corner 412c. The second trans-
mission line 432 adjusts the phase of the power and cy-
cles the power to the third corner 411c. The power is then
fed through the first patch 411 and received at the first
corner 411a.
[0057] As another example, power can be introduced
the sub-array 400 by the second excitation port 442. From
the second excitation port 442, the power is divided in
half and fed through the third transmission line 433 to
each of the second corner 411b of the first patch 411 and
the fourth corner 412d of the second patch 412. The pow-
er can be divided in half by a power divider (not pictured).
The power can be transferred from the third transmission
line 433 to the first patch 411 and the second patch 412
by proximity coupling excitation. From the second corner
411b, the power is fed through the first patch 411 and
received by the fourth transmission line 434 at the fourth
corner 411d. The fourth transmission line 434 adjusts the
phase of the power and cycles the power to the second
corner 412b. The power is then fed through the second
patch 412 and received at the fourth corner 412d. At or
around the same time, the power introduced by the sub-
array 400 is also fed through the third transmission line
433 to the fourth corner 412d. From the fourth corner
412d, the power is fed through the second patch 412 and
received by the fourth transmission line 434 at the second
corner 412b. The fourth transmission line 434 adjusts the
phase of the power and cycles the power to the fourth
corner 411d. The power is then fed through the first patch
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411 and received at the second corner 411b.
[0058] In some embodiments, power can be intro-
duced to the sub-array 400 by the first excitation port 441
and the second excitation port 442 at or around the same
time, resulting in each corner of the first patch 411 and
second patch 412 being fed power that is balanced by
equal power from another corner. For example, the pow-
er introduced at the first corner 411a is balanced by the
power introduced at the third corner 411c. Similarly, the
power introduced at the second corner 411b is balanced
by the power introduced at the fourth corner 411d. In
addition, the power introduced at the first corner 411a is
balanced by the power introduced at the first corner 412a
and the power introduced at the second corner 411b is
balanced by the power introduced at the fourth corner
412d.
[0059] As described above, the second transmission
line 432 adjusts the phase of the power as it flows be-
tween the first patch 411 and second patch 412. The
phase adjusting performed by the second transmission
line 432 ensures the power phases at each end of the
second transmission line 432 are equal. Similarly, the
fourth transmission line 434 adjusts the phase of the pow-
er as it flows between the first patch 411 and second
patch 412. The phase adjusting performed by the fourth
transmission line 434 ensures the power phases at each
end of the fourth transmission line 434 are equal. By uti-
lizing two separate transmission lines to adjust the phase
between the first unit cell 401 and the second unit cell
402, the radiation pattern of the sub-array 400 and dif-
ferential feeding of the sub-array 400 between the first
unit cell 401 and the second unit cell 402 is stabilized.
The differential feeding to the first patch 411 and second
patch 412 can be provided by the first transmission line
431 and the third transmission line 433. In addition, the
phase adjusting between the first unit cell 401 and second
unit cell 402 improves the efficiency of the sub-array 400
and controls the cross-polarization rejection ratio.
[0060] In embodiments utilizing the cross-corner feed-
ing described above, each of the first unit cell 401 and
second unit cell 402 are differentially excited with weight-
ed excitation to control the side lobe level below 18 dB.
In embodiments where the power is introduced to the
sub-array 400 by both the first excitation port 441 and
the second excitation port 442 at or around the same
time, the side lobes can be canceled. By introducing the
power through both the first excitation port 441 and the
second excitation port 442 at or around the same time
and reducing the side lobes level, the efficiency of the
overall ratio of gain to physical area is improved. When
the sub-array 400 is included in a target array antenna,
the target array antenna may not have the optimal spac-
ing between sub-arrays 400 based on the canceled side
lobes. This can reduce the system implementation cost
at the expense of limited beam steering capability. How-
ever, the system implementation cost can be overcome
at the system level by algorithms executed by a proces-
sor, for example the controller/processor 225, throughout

the optimization process.
[0061] For example, the sub-array 400 illustrated in
FIG. 4A, which includes the isolated first unit cell 401 and
second unit cell 402, is differentially excited with weighted
excitation to control the side lobe level below 18 dB due
to the nature of the feed network 405. The sub-array 400
can exhibit a radiated gain of approximately 11.5 dB while
the orthogonal polarization - cross polarization that can
exhibit a radiated gain of greater than 20 dB.
[0062] Current iterations of Massive MIMO array an-
tennas utilize external filtering masks, such as cavity or
surface acoustic wave filters, to provide a high roll-off for
out-of-band rejection. The filtering masks are large struc-
tures, comparable in size to the antenna itself, that suffer
from losses associated with the interconnects to the
physical point of contacts, soldering, and mechanical re-
striction. The losses associated with the interconnects
result in a reduced coverage range. Other drawbacks to
the filtering masks are emissions and interference from
co-designed filters with the antenna radiation. The nec-
essary filtering masks are a significant obstacle to achiev-
ing desired efficiency in terms of the generated equiva-
lent isotropically radiated power (ERIP) and the radiated
gain. Embodiments of the present disclosure, as illustrat-
ed in FIG. 4B, aim to overcome this obstacle by including
one or more filtering structures 450 built into the feed
network 405 of the sub-array 400.
[0063] For example, FIG. 4B illustrates a pair of filtering
structures 450 incorporated into each of the first trans-
mission line 431 and the third transmission line 433. Each
of the one or more filtering structures 450 can include
various filtering structures for a RF network such as SMD
filters, commercially off the shelf (COTS) components,
parasitic elements, shorting pins, or enclosure cavities
to meet the requirements for filtering elements tradition-
ally found on external filters. By incorporating the one or
more filtering structures 450 within the feed network 405,
it is possible to improve the gain of a sub-array 400 to
equal to or better than 11.5 dB, improve the isolation
between sub-arrays 400 when multiple sub-arrays 400
are arranged in close proximity in an antenna array, main-
tain low port-to-port coupling, and provide a design free
of external filters that are often bulky and expensive. More
specifically, the one or more filtering structures 450 help
to prevent out-of-band radiation by associated antenna
systems and therefore fully or partially achieve the de-
sired frequency mask(s).
[0064] In some embodiments, additional filters can be
introduced into the feed network 405. For example, al-
though illustrated in FIG. 4B as including a pair of filtering
structures 450 incorporated into each of the first trans-
mission line 431 and the third transmission line 433, some
embodiments may include two pairs of filtering structures
450 incorporated into each of the first transmission line
431 and the third transmission line 433. In these embod-
iments, including additional filtering structures 450 can
result in achieving a higher order filtering feature. This
description should not be construed as limiting. Any suit-

15 16 



EP 3 968 463 A1

10

5

10

15

20

25

30

35

40

45

50

55

able number of filtering structures 450 can be incorpo-
rated into any of the first transmission line 431, second
transmission line 432, third transmission line 433, and
fourth transmission line 434 to achieve the desirable fil-
tering requirements.
[0065] FIGS. 5A-5C illustrate a sub-array according to
various embodiments of the present disclosure. FIG. 5A
illustrates a top perspective view of a sub-array according
to various embodiments of the present disclosure. FIG.
5B illustrates a side view of a sub-array according to var-
ious embodiments of the present disclosure. FIG. 5C il-
lustrates an exploded view of a sub-array according to
various embodiments of the present disclosure.
[0066] The sub-array 500 includes a first unit cell and
a second unit cell (for example, the first unit cell 601 and
second unit cell 602 described in FIG. 6). The first unit
cell includes a first patch 531 and a plurality of vertical
feeds 556. The second unit cell includes a second patch
532 and a plurality of vertical feeds 556. The sub-array
500, including the first unit cell and the second unit cell,
is arranged in a first layer 510, a second layer 520, and
a third layer 530.
[0067] The first layer 510 comprises a substrate and
includes a feed network 550, a first excitation port 561,
and a second excitation port 562. The feed network 550
transmits power to the first unit cell and the second unit
cell of the sub-array 500. The feed network 550 can be
a series/corporate feed network. The feed network 550
includes a first transmission line 551, a second transmis-
sion line 552, phase-shifting portions 553, hybrid cou-
plers 554, and a plurality of vertical feeds 556. The first
transmission line 551 is coupled to the first excitation port
561. The second transmission line 552 is coupled to the
second excitation port 562.
[0068] The second layer 520 is a hollow cavity formed
by an enclosure. The enclosed portion comprises four
sides but the second layer 520 is open on each end. The
openings on each end of the cavity enclosure provide an
air gap 525 between the feed network 550 on the first
layer 510 and the first patch 531 and the second patch
532 of the third layer 530. The air gap 525 allows elec-
tromagnetic transmission to flow through the hollow cav-
ity in the second layer 520. The air gap 525 further pro-
vides an enclosed area for the plurality of vertical feeds
556 extending from the feed network 550 on the first layer
510 to connect to the horizontal feeds 542 on the third
layer 530.
[0069] The third layer 530 is comprised of a substrate.
For example, the third layer 530 can be a layer of EM
material. The third layer 530 includes decoupling ele-
ments 535a, 535b, the first patch 531, and the second
patch 532. The decoupling elements 535a, 535b are lo-
cated between the first patch 531 and the second patch
532 to improve the cross-polarization rejection ratio. The
decoupling element 535a performs a decoupling function
on the first transmission line 551 and the decoupling el-
ement 535b performs a decoupling function on the sec-
ond transmission line 552.

[0070] In some embodiments, the first patch 531 and
the second patch 532 can comprise a dielectric material.
The dielectric material of the first patch 531 and the sec-
ond patch 532 allows EM radiation to pass through to the
EM material to be radiated by the antenna 205a-205n.
Each of the first patch 531 and the second patch 532
includes horizontal feeds 542 and openings 544. Each
of the openings 544 corresponds to both a horizontal
feed 542 and a vertical feed 556. For example, each of
the openings 544 are configured to allow one of the plu-
rality of vertical feeds 556 to pass through the third layer
530 and couple to a horizontal feed 542.
[0071] The first transmission line 551 and second
transmission line 552 transfer power through the sub-
array 500. In one embodiment, power can be introduced
to the sub-array 500 by one or both of the first excitation
port 561 and the second excitation port 562. From the
first excitation port 561, the power is divided in half and
fed through the first transmission line 551 to vertical feeds
556 of both the first unit cell and the second unit cell. The
power can be divided in half by a power divider (not pic-
tured). For example, as illustrated in FIG. 5C, the first
transmission line 551 feeds two vertical feeds 556 that
correspond to the first patch 531 and two vertical feeds
556 that correspond to the second patch 532.
[0072] From the second excitation port 562, the power
divided in half and is fed through the second transmission
line 552 to vertical feeds 556 of both the first unit cell and
the second unit cell. The power can be divided in half by
a power divider (not pictured). For example, as illustrated
in FIG. 5C, the second transmission line 552 feeds two
vertical feeds 556 that correspond to the first patch 531
and two vertical feeds 556 that correspond to the second
patch 532. The second transmission line 552 forms a
built-in 180 degree hybrid coupler.
[0073] The vertical feeds 556 transfer the power, which
is received from the first excitation port 561 and the sec-
ond excitation port 562 and fed through the first trans-
mission line 551 and second transmission line 552,
through the hollow cavity formed by the second layer
520. The vertical feeds 556 pass through the openings
544 and transfer the power to the horizontal feeds 542
coupled to the vertical feeds 556, respectively. The hor-
izontal feeds 542 transfer the power from a perimeter of
the first patch 531 and the second patch 532 toward the
interior of each of the first patch 531 and the second patch
532, respectively, where the horizontal feeds 542 termi-
nate. From the termination point, the power can be radi-
ated from the sub-array 500 in the form of a transmission.
[0074] The decoupling elements 535a, 535b assist in
isolating the radiation from the sub-array 500 by reducing
the coupling between the first patch 531 and the second
patch 532. In combination, the functions of the decou-
pling elements 535a, 535b isolate the resulting radiation
and improve the cross-polarization rejection ratio of the
sub-array 500 to reduce or cancel the side lobes of the
radiation.
[0075] Several advantages can be obtained in anten-

17 18 



EP 3 968 463 A1

11

5

10

15

20

25

30

35

40

45

50

55

nas, for example antennas 205a-205n, that utilize the
design described in FIGS. 5A-5C. For example, the ra-
diated gain can be measured at greater than 11.5 dB. A
cross-polarization rejection ratio can be measured at
greater than 18 dB. A return loss can be measured at
greater than 20 dB. Port-to-port isolation of the sub-array
500 can be measured at greater than 20 dB. In-plane
can be measured at better than 25 dB. Cross-coupling
can be measured at better than 30 dB. Bandwidth can
be measured at 200 MHz.
[0076] FIG. 6 illustrates an example feed network of a
sub-array according to various embodiments of the
present disclosure. The sub-array 600 can be the sub-
array 500 described in FIGS. 5A-5C. The feed network
605 can be the feed network 550 described in FIGS. 5A-
5C.
[0077] As illustrated in FIG. 6, the sub-array 600 in-
cludes the feed network 605, decoupling elements 610a,
610b, a first unit cell 601, and a second unit cell 602. The
first unit cell 601 includes a first patch 611, horizontal
feeds 622, a plurality of openings 624, and a plurality of
vertical feeds (not pictured, for example the vertical feeds
556 illustrated in FIGS. 5A-5C). The second unit cell 602
includes a second patch 612, horizontal feeds 622, a
plurality of openings 624, and a plurality of vertical feeds
(not pictured, for example the vertical feeds 556 illustrat-
ed in FIGS. 5A-5C). The decoupling elements 610a, 610b
can be the decoupling elements 535a, 535b. The first
patch 611 can be the first patch 531. The second patch
612 can be the second patch 532.
[0078] The feed network 605 includes a first transmis-
sion line 630, a first excitation port 632, a second trans-
mission line 640, a second excitation port 642, horizontal
feeds 622, a plurality of vertical feeds (not pictured), and
a plurality of openings 624. The first transmission line
630 can be the first transmission line 551. The second
transmission line 640 can be the second transmission
line 552. The horizontal feeds 622 can be the horizontal
feeds 542. The plurality of vertical feeds can be the plu-
rality of vertical feeds 556. The plurality of openings 624
can be the plurality of openings 544. The first excitation
port 632 can be the first excitation port 561. The second
excitation port 642 can be the second excitation port 562.
[0079] FIG. 6 illustrates the relationship between the
feed network 605, decoupling elements 610a, 610b, first
unit cell 601, and second unit cell 602. More specifically,
FIG. 6 illustrates that the termination points of the first
transmission line 630 and the second transmission line
640 correspond to the openings 624 to connect the first
transmission line 630 and the second transmission line
640 with the horizontal feeds 622 via the plurality of ver-
tical feeds (not pictured). FIG. 6 further illustrates that
the decoupling element 610a is arranged to correspond
to the first transmission line 630 and that the decoupling
element 610b is arranged to correspond to the second
transmission line 640. This arrangement allows the de-
coupling element 610a to perform a decoupling function
on the first transmission line 630 and the decoupling el-

ement 610b to perform an equivalent decoupling function
on the second transmission line 640. The decoupling
functions performed by the decoupling elements 610a,
610b can combine to isolate the resulting radiation and
improve the cross-polarization rejection ratio of the sub-
array 600. In some embodiments, the decoupling ele-
ments 610a, 610b can reduce or cancel the side lobes
of the radiation from the sub-array 600.
[0080] In some embodiments, the gradual progression
of the phase of the electromagnetic waves is the result
of the progression of a phase shift in the feed networks
of the antenna panel. For example, the beam can be
steered by manipulating the cross-polarization of the feed
networks by using the RF currents received through the
excitation ports.
[0081] This disclosure should not be construed as lim-
iting. Various embodiments are possible.
[0082] In some embodiments, the feed network is con-
figured to provide cross-corner feeding to the sub-array.
[0083] In some embodiments, the first and third trans-
mission lines are configured to provide a cross-polariza-
tion of the first unit cell and the second unit cell via the
cross-corner feeding. In some embodiments, the cross-
polarization includes a difference of +45 and -45 degrees.
[0084] In some embodiments, the feed network further
comprises a filter provided on at least one of the first
transmission line, second transmission line, third trans-
mission line, or fourth transmission line.
[0085] In some embodiments, the first transmission
line results in a first polarization of the sub-array and the
third transmission line results in a second polarization of
the sub-array, the first transmission line and the third
transmission line provide cross-polarization of the sub-
array, the second transmission line is configured to pro-
vide phase-adjusting for the second polarization; and the
fourth transmission line is configured to provide phase-
adjusting for the first polarization.
[0086] In some embodiments, the sub-array further
comprises a first layer including the feed network, a sec-
ond layer including the first patch and the second patch,
a third layer comprising a hollow cavity formed by an
enclosure, and a fourth layer including a third patch and
a fourth patch.
[0087] In some embodiments, the first unit cell further
comprises the third patch, the second unit further com-
prises the fourth patch, the third patch is larger than the
first patch, and the fourth patch is larger than the second
patch.
[0088] In some embodiments, the third patch is located
directly above the first patch and the fourth patch is lo-
cated directly above the second patch.
[0089] In some embodiments, the hollow cavity pro-
vides an air gap between (i) the first patch and the third
patch, and (ii) the second patch and the fourth patch.
[0090] In some embodiments, the feed network is con-
figured to provide differential feeding to the sub-array.
[0091] None of the description in this application
should be read as implying that any particular element,
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step, or function is an essential element that must be
included in the claim scope.
[0092] In the following further embodiments of the dis-
closure of the present application are given in a concise
manner.

[Clause 1]

[0093] An antenna comprising:
a sub-array comprising:

first and second unit cells, the first unit cell including
a first patch, the second unit cell including a second
patch, the first and second patches both having a
quadrilateral shape, and

a feed network, comprising:

a first transmission line terminating below a first
corner of the first patch and a first corner of the
second patch;
a second transmission line terminating below a
third corner of the first patch and a third corner
of the second patch, wherein the first corners
are opposite the third corners on the respective
first and second patches;
a third transmission line terminating below a sec-
ond corner of the first patch and a fourth corner
of the second patch; and
a fourth transmission line terminating below a
fourth corner of the first patch and a second cor-
ner of the second patch, wherein the second cor-
ners are opposite the fourth corners on the re-
spective first and second patches.

[Clause 2] The antenna of Clause 1, wherein the
feed network is configured to:

provide diagonal feeding to each of the first unit
cell and second unit cell; and
provide cross-corner feeding to the sub-array,
wherein:

the first and third transmission lines are con-
figured to provide a coupling of the first unit
cell to the second unit cell via the cross-
corner feeding;
the first and third transmission lines are con-
figured to provide differential feeding to the
first patch and the second patch; and
the coupling includes a difference of +45
and -45 degrees.

[Clause 3] The antenna of Clause 1, wherein the
feed network further comprises a filtering structure
provided on at least one of the first transmission line,
second transmission line, third transmission line, or
fourth transmission line.

[Clause 4] The antenna of Clause 1, wherein:

the first transmission line results in a first polar-
ization of the sub-array and the third transmis-
sion line results in a second polarization of the
sub-array;
the first transmission line and the third transmis-
sion line provide coupling of the sub-array;
the second transmission line is configured to
provide phase-adjusting for the second polari-
zation; and
the fourth transmission line is configured to pro-
vide phase-adjusting for the first polarization.

[Clause 5] The antenna of Clause 1, wherein the
sub-array further comprises:

a first layer including the feed network;
a second layer including the first patch and the
second patch;
a third layer comprising a hollow cavity formed
by an enclosure; and
a fourth layer including a third patch and a fourth
patch,
wherein the hollow cavity provides an air gap
between (i) the first patch and the third patch,
and (ii) the second patch and the fourth patch.

[Clause 6] The antenna of Clause 5, wherein:

the first unit cell further comprises the third
patch;
the second unit further comprises the fourth
patch;
the third patch is larger than the first patch;
the fourth patch is larger than the second patch,
the third patch is located above the first patch;
and
the fourth patch is located above the second
patch.

[Clause 7] The antenna of Clause 1, wherein the
feed network is configured to provide differential
feeding to the sub-array.

[Clause 8] A base station, comprising:
an antenna including a sub-array, the sub-array com-
prising:

first and second unit cells, the first unit cell in-
cluding a first patch, the second unit cell includ-
ing a second patch, the first and second patches
both having a quadrilateral shape, and
a feed network, comprising:

a first transmission line terminating below a
first corner of the first patch and a first corner
of the second patch;
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a second transmission line terminating be-
low a third corner of the first patch and a
third corner of the second patch, wherein
the first corners are opposite the third cor-
ners on the respective first and second
patches;
a third transmission line terminating below
a second corner of the first patch and a
fourth corner of the second patch; and
a fourth transmission line terminating below
a fourth corner of the first patch and a sec-
ond corner of the second patch, wherein the
second corners are opposite the fourth cor-
ners on the respective first and second
patches.

[Clause 9] The base station of Clause 8, wherein the
feed network is configured to:

provide diagonal feeding to each of the first unit
cell and second unit cell; and
provide cross corner feeding to the sub-array.

[Clause 10] The base station of Clause 8, wherein:

the feed network further comprises a filtering
structure provided on at least one of the first
transmission line, second transmission line,
third transmission line, or fourth transmission
line;
the first transmission line results in a first polar-
ization of the sub-array and the third transmis-
sion line results in a second polarization of the
sub-array;
the first transmission line and the third transmis-
sion line provide coupling of the sub-array;
the second transmission line is configured to
provide phase-adjusting for the second polari-
zation; and
the fourth transmission line is configured to pro-
vide phase-adjusting for the first polarization.

[Clause 11] The base station of Clause 8, wherein
the sub-array further comprises:

a first layer including the feed network;
a second layer including the first patch and the
second patch;
a third layer comprising a hollow cavity formed
by an enclosure; and
a fourth layer including a third patch and a fourth
patch,
wherein the hollow cavity provides an air gap
between (i) the first patch and the third patch,
and (ii) the second patch and the fourth patch.

[Clause 12] The base station of Clause 11, wherein:

the first unit cell further comprises the third
patch;
the second unit further comprises the fourth
patch;
the third patch is larger than the first patch and
located above the first patch; and
the fourth patch is larger than the second patch
and located above the second patch.

[Clause 13] The base station of Clause 8, wherein
the feed network is configured to provide differential
feeding to the sub-array.

[Clause 14] An antenna comprising:
a sub-array, comprising:

a first unit cell and a second unit cell, wherein
the first unit cell comprises a first patch and the
second unit cell comprises a second patch,
a feed network including a first transmission line
and a second transmission line, and
a pair of decoupling elements comprising a first
decoupling element corresponding to the first
transmission line and a second decoupling ele-
ment corresponding to the second transmission
line.

[Clause 15] The antenna of Clause 14, wherein the
sub-array further comprises:

a first layer including the feed network;
a second layer including a hollow cavity formed
by an enclosure;
a third layer including the first patch, the second
patch, and the pair of decoupling elements,
a plurality of vertical feeds configured to transfer
power from the first transmission line and the
second transmission line to the first patch and
the second patch; and
a plurality of horizontal feeds located on the first
patch and the second patch and configured to
receive the power from the plurality of vertical
feeds,
wherein:

the hollow cavity provides an air gap be-
tween (i) the plurality of feed lines and (ii)
the first patch and the second patch; and
the plurality of vertical feeds pass through
the hollow cavity.

Claims

1. A base station (102), comprising:

a plurality of transceivers (210a-n); and
a plurality of antenna sub-arrays (300) corre-
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sponding to the plurality of transceivers (210a-
n), each of the antenna sub-arrays (300) com-
prising:

a pair of first antenna elements (321, 322)
disposed on a substrate layer comprising a
first dielectric material, each of the first an-
tenna elements (321, 322) having a first cor-
ner (321a, 322a) and a second corner
(321b, 322d),
a first transmission line (351) disposed on
the substrate layer and between two first
termination points and configured to provide
a first feed signal to the first corner (321a,
322a) of each of the first antenna elements
(321, 322) via a respective first termination
point located to a side of a respective one
of the first corners (321a, 322a), which
causes each of the first antenna elements
(321, 322) to transmit a first radio frequency,
RF, signal having a first polarization,
a second transmission line (353) disposed
on the substrate layer and between two sec-
ond termination points and configured to
provide a second feed signal to the second
corner (321b, 322d) of each of the first an-
tenna elements (321, 322) via a respective
second termination point located to a side
of a respective one of the second corners
(321b, 322d), which causes each of the first
antenna elements (321, 322) to transmit a
first RF signal having a second polarization,
wherein the first polarization and the second
polarization are orthogonal and include +45
degree and -45 degree slanted polariza-
tions,
a pair of second antenna elements (341,
342) disposed spaced apart from the pair
of first antenna elements (321, 322) via a
hollow cavity formed by an enclosure com-
prising four sides and being open on each
end, the openings on each end providing
for an air gap (335), each of the second an-
tenna elements (341, 342) configured to re-
ceive the first RF signal having the first po-
larization and the first RF signal having the
second polarization from each respective
one of the first antenna elements (321, 322)
via the air gap (335) and to transmit second
RF signals based on the received first RF
signals, wherein the second antenna ele-
ments (341, 342) are positioned on an un-
derside of a second dielectric material to
correspond to the first antenna elements
(321, 322) respectively through the air gap
(335),

wherein each of the second antenna elements

(341, 342) is larger than each of the first antenna
elements (321, 322),
wherein the plurality of antenna sub-arrays
(300) is configured to transmit RF signals such
that first RF signals from the pairs of the first
antenna elements (321, 322) are transmitted
through the air gap in a direction toward the pairs
of the second antenna elements (341, 342) and
second RF signals from the pairs of the second
antenna elements (341, 342) are transmitted in
a direction toward the second dielectric material.

2. The base station (102) of claim 1, wherein each of
the first antenna elements (321, 322) is configured
to radiate orthogonal polarizations including +45 de-
gree and -45 degree slanted polarizations.

3. The base station (102) of claim 1 or 2, wherein a
power corresponding to the first feed signal is divided
and fed through the first transmission line (351) to
each of the first corner (321a, 322a) of the first an-
tenna elements (321, 322).

4. The base station (102) of any one of claims 1 to 3,
wherein a power corresponding to the second feed
signal is divided and fed through the second trans-
mission line (353) to each of the second corner
(321b, 322d) of the first antenna elements (321,
322).

5. The base station (102) of any one of claims 1 to 4,
wherein the second dielectric material allows the
second RF signals transmitted in a direction toward
the second dielectric material to pass through the
second dielectric material.

6. The base station (102) of any one of claims 1 to 5,
wherein the first transmission line (351) and the sec-
ond transmission line (353) are part of a feed network
(350), the feed network (350) further comprising a
third transmission line (352) configured to provide
phase-adjustment for the first polarization fed by the
first transmission line (351) and a fourth transmission
line (354) configured to provide phase-adjustment
for the second polarization fed by the second trans-
mission line (353).

7. The base station (102) of any one of claims 1 to 6,
wherein each of the first antenna elements (321,
322) comprises a quadrilateral shape including a
third corner (321c, 322c) opposite the first corner
(321a, 322a) and a fourth corner (321d, 322d) op-
posite the second corner (321b, 322b).

8. The base station (102) of any one of claims 1 to 7,
wherein each of the second antenna elements (341,
342) is spaced apart from the respective one of the
pair of first antenna elements (321, 322) in a normal
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direction of the substrate and arranged plane-paral-
lelly to the respective one of the pair of first antenna
elements.

9. The base station (102) of any one of claims 1 to 8,
wherein each of the antenna sub-arrays (300) is ar-
ranged on a 62.5 mm by 132 mm area.

10. The base station (102) of any one of claims 1 to 9,
comprising eight antenna sub-arrays (300) arranged
in a two by four arrangement.

11. The base station (102) of any one of claims 1 to 9,
comprising sixteen antenna sub-arrays (300) ar-
ranged in one by sixteen, two by eight, or four by
four arrangement.

12. The base station (102) of any one of claims 1 to 11,
wherein the first dielectric material of the substrate
layer allows RF signals to pass through the first di-
electric material of the substrate layer to the air gap
(335).
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