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assembly (104). The circular parasitic array assembly
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physical cylindrical volume. The circular parasitic array
assembly may further include at least one positioned
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first bandwidth.
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Description

BACKGROUND

[0001] Directional communications in connectedbattle
space typically have multifrequency multi-function data
link communications capabilities, such as used in air
platforms (e.g., size, weight, and, power, and cost
(SWaP-C) limited attritable assets and future vertical lift
(FVL) air platforms). A circular parasitic array (CPA) is an
example of a very SWaP-C optimized and very low-cost
active electronically steered antenna (AESA) that can
provide reconfiguration of omni and directional fan beam
directionmodeswith360° azimuthal beamsteering, such
as bymeans of on/off switch (e.g., diodes) actuation to or
from azimuthal directional beam scanning. Typically, a
CPA’s beam steering controller is much simpler than that
of a planar two-dimensional (2D) AESA, which cannot
produce 360° azimuthal beam coverage with a single
planar 2D AESA panel. Currently, existing CPAs cannot
enable multi-band communication where frequency
bands are widely separated, such as a separation be-
tween C band and Ka band.

SUMMARY

[0002] In one aspect, embodiments of the inventive
concepts disclosed herein are directed to a system. The
system may include a circular parasitic array assembly.
The circular parasitic array assembly may include a first
circular parasitic array configured to at least one of
transmit or receive over a first bandwidth, the first circular
parasitic array defined by a physical cylindrical volume.
The circular parasitic array assemblymay further include
at least one positioned circular parasitic array including a
first positioned circular parasitic array, eachof the at least
one positioned circular parasitic array positioned at least
one of within the physical cylindrical volume of the first
circular parasitic array or above the physical cylindrical
volumeof the first circular parasitic array,wherein the first
positioned circular parasitic array is configured to at least
one of transmit or receive over a second bandwidth, the
second bandwidth being a higher frequency bandwidth
than the first bandwidth.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Implementations of the inventive concepts dis-
closedhereinmaybebetter understoodwhen considera-
tion is given to the following detailed description thereof.
Such description makes reference to the included draw-
ings, which are not necessarily to scale, and in which
some features may be exaggerated and some features
may be omitted or may be represented schematically in
the interest of clarity. Like reference numerals in the
drawings may represent and refer to the same or similar
element, feature, or function. In the drawings:

FIG. 1 is a view of an exemplary embodiment of a
system according to the inventive concepts dis-
closed herein.
FIGS. 2A, 2B, and 2C are views of exemplary em-
bodiments of the circular parasitic array assembly of
the system of FIG. 1 according to the inventive con-
cepts disclosed herein.
FIGS. 3A and 3B include views of exemplary embo-
dimentsof thecircularparasiticarrayassemblyof the
system of FIG. 1 according to the inventive concepts
disclosed herein.
FIG. 4 is view of exemplary embodiment of a first
circular parasitic array of the circular parasitic array
assembly of the system of FIG. 1 according to the
inventive concepts disclosed herein.

DETAILED DESCRIPTION

[0004] Before explaining at least one embodiment of
the inventive conceptsdisclosedherein in detail, it is tobe
understood that the inventive concepts are not limited in
their application to the details of construction and the
arrangement of the components or steps or methodolo-
gies set forth in the following description or illustrated in
the drawings. In the following detailed description of
embodiments of the instant inventive concepts, numer-
ous specific details are set forth in order to provide amore
thorough understanding of the inventive concepts. How-
ever, it will be apparent to one of ordinary skill in the art
having the benefit of the instant disclosure that the in-
ventive concepts disclosedhereinmaybepracticedwith-
out these specific details. In other instances, well-known
features may not be described in detail to avoid unne-
cessarily complicating the instant disclosure. The inven-
tive concepts disclosed herein are capable of other em-
bodiments or of being practiced or carried out in various
ways. Also, it is to be understood that the phraseology
and terminology employed herein is for the purpose of
description and should not be regarded as limiting.
[0005] As used herein a letter following a reference
numeral is intended to reference an embodiment of the
featureorelement thatmaybesimilar, but notnecessarily
identical, to a previously described element or feature
bearing the same reference numeral (e.g., 1, 1a, 1b).
Such shorthand notations are used for purposes of con-
venience only, and should not be construed to limit the
inventive concepts disclosed herein in any way unless
expressly stated to the contrary.
[0006] Further, unless expressly stated to the contrary,
"or" refers to an inclusiveor andnot to anexclusiveor. For
example, a condition A or B is satisfied by anyone of the
following: A is true (or present) and B is false (or not
present), A is false (or not present) and B is true (or
present), and both A and B are true (or present).
[0007] In addition, use of the "a" or "an" are employed
to describe elements and components of embodiments
of the instant inventive concepts. This is done merely for
convenience and to give a general sense of the inventive
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concepts, and "a" and "an" are intended to include one or
at least one and the singular also includes the plural
unless it is obvious that it is meant otherwise.
[0008] Finally, as used herein any reference to "one
embodiment," or "some embodiments" means that a
particular element, feature, structure, or characteristic
described in connection with the embodiment is included
in at least one embodiment of the inventive concepts
disclosed herein. The appearances of the phrase "in
someembodiments" in variousplaces in thespecification
are not necessarily all referring to the sameembodiment,
and embodiments of the inventive concepts disclosed
may include one or more of the features expressly de-
scribed or inherently present herein, or any combination
or sub-combination of two or more such features, along
with any other features which may not necessarily be
expressly described or inherently present in the instant
disclosure.
[0009] Broadly, embodiments of the inventive con-
cepts disclosed herein are directed to a method and a
system includingcircular parasitic arrayassembly (e.g., a
multiple-band circular parasitic array assembly). In some
embodiments, the circular parasitic array assembly may
include a first circular parasitic array and at least one
positionedcircularparasitic array.Eachof theat least one
positioned circular parasitic array may be positioned
within the physical cylindrical volume of the first circular
parasitic array and/or above the physical cylindrical vo-
lume of the first circular parasitic array.
[0010] Some embodiments may include a multiple
(e.g., dual, triple, quadruple, quintuple, etc.) band inte-
grated antenna structure (e.g., a circular parasitic array
assembly) inwhichat least onehigh frequency (e.g., aKu
band and/or a Ka band) CPA is positioned within (e.g.,
embedded within) or above a low frequency (e.g., C
band) CPA, whichmay keep overall antenna dimensions
the same as the low frequency (e.g., C band) single CPA.
In someembodiments, each of themultipleCPAsmaybe
created using a conventional monolithic radiofrequency
(RF) printed circuit board (PCB) process and integrated
together.Equivalent functionality of suchembodiments is
not currently available in the market. Some embodi-
ments, may include miniature, SWaP-C multiple-band
circular parasitic array assembly having omnidirectional
and/or directional modality with very simple beam steer-
ing control.
[0011] Some embodiments may include creating a
multiple frequency integrated antenna structure in which
a higher frequency (e.g., KuBandand/or aKa band)CPA
is embedded within a lower frequency (e.g., a C Band)
CPA to keep overall antenna dimensions the sameas the
single lower frequency (e.g., C Band) CPA. In some
embodiments, each CPA may be created using a con-
ventional radiofrequency (RF)printedcircuit board (PCB)
process and integrated together.
[0012] Some embodiments may providemultiple band
CPA operation simply and inexpensively, for example,
that enablesmulti-band datal link dual mode omni and/or

directional operation that is orders of magnitude less
expensive than current AESAs required for 360° azi-
muthal coverage.
[0013] Some embodiments provide an assembly in-
cluding multiple band CPA assembly having a common
assembly while minimally perturbing each of the CPAs of
the assembly.
[0014] In some embodiments, multiple modes of op-
erations are available for aCPAassembly, such as any of
the following: passive omnidirectional C-band, active
directional Ku-band; Active directional C-band, passive
omnidirectional Ku-band; and/or Active directional C-
band and active directional Ku-band.
[0015] In some embodiments, symmetric shunt load-
ing due to a Ku ground plane can help optimize instanta-
neous bandwidth of a C-band CPA.
[0016] In some embodiments, a CPA assembly may
include two Ku-band antennas at omnidirectional mode
within less than 1 lambda so as to can increase antenna
gain.
[0017] Some embodiments provide a small form factor
with low aerodynamic drag antenna subsystems to en-
able extreme SWaP-C multiple band frequency opera-
tion for directional communications. Some embodiments
may provide a solution for a Ku-band antenna that meets
needs of ALE Small as, currently, no commercially avail-
able technology meets required SWAP.
[0018] Referring now to FIGS. 1‑4, an exemplary em-
bodiment of a system 100 according to the inventive
concepts disclosed herein are depicted. The system
100 may be implemented as any suitable system. In
some embodiments, the system 100 may include a ve-
hicle (e.g., an aircraft 102 (e.g., a piloted aircraft, an
unmanned aerial system (e.g., an Air Launched Effect(s)
(ALE) and/or a remote-piloted aircraft)), an automobile, a
spacecraft, or a watercraft). For example, Air Launched
Effects (ALE) are a Family of Systems (FoS)may include
an air vehicle, payload(s), mission system applications,
and associated support equipment designed to autono-
mously or semi-autonomously deliver effects as a single
agent or as a member of a team. For example, as shown
in FIG. 1, the system 100may include a circular parasitic
array assembly 104. In some embodiments, the circular
parasitic array assembly 104 may be installed on the
vehicleorat anyof suitable stationaryormobile locations.
[0019] In some embodiments, the circular parasitic
array assembly 104 may include a first circular parasitic
array 106, at least one positioned circular parasitic array
(e.g., a first positioned circular parasitic array 108‑1, a
second positioned circular parasitic array 108‑2, a third
positioned circular parasitic array 108‑3, and/or a fourth
positioned circular parasitic array 108‑4 (as shown in
FIGS. 2A‑2C)), a first transceiver 110, at least one other
transceiver (e.g., 112‑1; e.g., each of which may be
associatedwith one of the at least one positioned circular
parasitic array (e.g., 108‑1,108‑2,108‑3, 108‑4)), at least
onemodem 114, and/or at least one processor 116 (e.g.,
at least one beam controller (e.g., one joint beam con-
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troller or a beam controller for each of the circular para-
sitic array 106 and the at least one positioned circular
parasitic array (e.g., 108‑1, 108‑2, 108‑3, 108‑4)), some
or all of which may be communicatively coupled (e.g.,
electrically coupled) at any given time. In some embodi-
ments, the at least one processor 116 may be located on
another device, which may be communicatively coupled
to the circular parasitic array assembly 104.
[0020] The first circular parasitic array 106may be any
suitable type of circular parasitic array 106. For example,
the first circular parasitic array 106 may include mono-
poles (e.g., center driven monopole 402 and/or switched
monopoles 404), a dielectric substrate 308, and/or a
printed circuit board (PCB) 304 (as shown in FIG. 3A-
B) (e.g., which may have a ground plane). For example,
the first circular parasitic array 106 may be configured to
at least one of transmit or receive over a first bandwidth
(e.g., any suitable bandwidth; e.g., whichmaybeahigher
frequency bandwidth than a bandwidth of each of the at
least one positioned circular parasitic array (e.g., 108‑1,
108‑2, 108‑3, 108‑4)). The first circular parasitic array
106 may be defined by a physical cylindrical volume,
which for example, may enclose (e.g., enclose and abut
at least some of the following) the monopoles (e.g., 402
and/or 404), the dielectric substrate 308, and/or the PCB
304.
[0021] Each of the at least one positioned circular
parasitic array (e.g., a first positioned circular parasitic
array 108‑1, a second positioned circular parasitic array
108‑2, a third positioned circular parasitic array 108‑3,
and/or a fourth positioned circular parasitic array 108‑4
(as shown in FIGS. 2A‑2C)) may be any suitable type of
circular parasitic array 106. For example, each of the at
least one positioned circular parasitic array (e.g., 108‑1,
108‑2, 108‑3, and/or 108‑4) may include monopoles
(e.g., a center driven monopole and/or switched mono-
poles), a dielectric substrate, and/or a PCB 306 (as
shown inFIG. 3B) (e.g., whichmayhaveagroundplane),
any or all of which may be similar and function similar to
those of the first circular parasitic array 106 except that
the components of each of the at least one positioned
circular parasitic array (e.g., 108‑1, 108‑2, 108‑3, and/or
108‑4)may be smaller than those components of the first
circular parasitic array 106. Each of the at least one
positioned circular parasitic array (e.g., 108‑1, 108‑2,
108‑3, and/or 108‑4) may be positioned within the phy-
sical cylindrical volume of the first circular parasitic array
106 and/or above the physical cylindrical volume of the
first circular parasitic array 106. Each of the at least one
positioned circular parasitic array may be configured to
transmit and/or receive over a given bandwidth (e.g., any
suitable bandwidth, which may be the same or different
for each of the at least one positioned circular parasitic
array),wherein thegivenbandwidth is ahigher frequency
bandwidth than the first bandwidth of the first circular
parasitic array 106.
[0022] In some embodiments, the first transceiver 110
may be at least connected to the first circular parasitic

array 106. Each of the at least one other transceiver (e.g.,
112‑1)maybeat least connected tooneof theat least one
positioned circular parasitic array (e.g., 108‑1, 108‑2,
108‑3, 108‑4). The modem 114 may be at least con-
nected to each of the first transceiver 110 and the at least
one other transceiver (e.g., 112‑1). The at least one
processor 116 may be at least connected to the modem
114 and/or a radio 118. The circular parasitic array as-
sembly 104 may have parasitic element control for each
of the first circular parasitic array 106 and the at least one
positioned circular parasitic array (e.g., 108‑1, 108‑2,
108‑3, 108‑4). In some embodiments, each CPA (e.g.,
106, 108‑1, 108‑2, 108‑3, and/or 108‑4) can have its own
relatively simple processor (e.g., 116; e.g., a microcon-
troller) integrated into theCPAassembly 104, such as via
pass-through control. In some embodiments, the CPA
assembly 104 may include a processor 116, which may
function asamaster controller (e.g., whichmaybeafield-
programmable gate array (FPGA)), that can pipe com-
mand signals at the transceiver/modem level to all of the
CPAs (e.g., 106, 108‑1, 108‑2, 108‑3, and/or 108‑4).
[0023] In some embodiments, the at least one proces-
sor 116 may include any number and/or type(s) of pro-
cessor. In someembodiments, one ormore of the at least
one processor 116 may have software-defined radio
(SDR) functionality and/or non-SDR functionality. For
example, the at least one processor 116 may be config-
ured as a common dual or multiple band beam steering
controller that can interface to each CPA 106, 108‑1,
108‑2, 108‑3, and/or 108‑4 of the circular parasitic array
assembly 104. For example, the at least one processor
116 may be and/or may include at least one beam con-
troller, at least one radiofrequency (RF) processor, at
least one RF system on chip (SOC), at least one general
purpose processor (e.g., at least one central processing
unit (CPU)), at least onedigital signal processor (DSP), at
least one application specific integrated circuit (ASIC),
and/or at least one field-programmable gate array
(FPGA). The at least one processor 116 may be config-
ured to perform (e.g., collectively perform if more than
one processor) any or all of the operations disclosed
throughout. The at least one processor 116 may be
configured to run various software and/or firmware ap-
plications and/or computer code stored (e.g., main-
tained) in a non-transitory computer-readable medium
(e.g.,memory)andconfigured toexecutevarious instruc-
tions or operations. In some embodiments, the at least
one processor 116 may be communicatively coupled to
various elements of the circular parasitic array assembly
104.
[0024] Referring to FIGS. 2A, 2B, and 2C, exemplary
embodimentsof the circular parasitic arrayassembly 104
are shown, according to the inventive concepts disclosed
herein are depicted.
[0025] As shown, in FIG. 2A, the first circular parasitic
array 106may be configured to transmit and/or receive in
a C band; a first positioned circular parasitic array 108‑1
may be configured to transmit and/or receive in a first Ku
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band; a second positioned circular parasitic array 108‑2
may be configured to transmit and/or receive in a second
Ku band; a third positioned circular parasitic array 108‑3
may be configured to transmit and/or receive in a third Ku
band; and/or a fourth positioned circular parasitic array
108‑4 may be configured to transmit and/or receive in a
fourthKuband,wherein the first, second, third, and fourth
Ku bands may be the same or different.
[0026] As shown, in FIG. 2B, the first circular parasitic
array 106may be configured to transmit and/or receive in
a C band; a first positioned circular parasitic array 108‑1
may be configured to transmit and/or receive in a first Ku
band; a second positioned circular parasitic array 108‑2
may be configured to transmit and/or receive in a second
Ku band; a third positioned circular parasitic array 108‑3
may be configured to transmit and/or receive in a first Ka
band; and/or a fourth positioned circular parasitic array
108‑4 may be configured to transmit and/or receive in a
second Ka band.
[0027] As shown, in FIG. 2C, the first circular parasitic
array 106may be configured to transmit and/or receive in
a C band; a first positioned circular parasitic array 108‑1
may be configured to transmit and/or receive in a first Ka
band; a second positioned circular parasitic array 108‑2
may be configured to transmit and/or receive in a second
Ka band; a third positioned circular parasitic array 108‑3
may be configured to transmit and/or receive in a third Ka
band; and/or a fourth positioned circular parasitic array
108‑4 may be configured to transmit and/or receive in a
fourthKaband,wherein the first, second, third, and fourth
Ka bands may be the same or different.
[0028] As shown in FIGS. 2A-C, in some embodi-
ments, multiple Ku and/or Ka band CPAs (e.g., 108‑1,
108‑2, 108‑3, and/or 108‑4) can reside in the CPA as-
sembly 104 to: enhance Ku and/or Ka Band system
capability; symmetrically perturb a C Band CPA (e.g.,
106) to improve performance in the presence of the Ku
and/or Ka Band CPAs (e.g., 108‑1, 108‑2, 108‑3, and/or
108‑4). In some embodiments, the CPA assembly 104
may be a dual band, a triple band, quadruple band
system, or a quintuple band CPA assembly. In some
embodiments, a symmetric (e.g., radially symmetric)
layout of the higher frequency CPAs (e.g., 108‑1,
108‑2, 108‑3, and/or 108‑4)may create less perturbation
to the lower frequency CPA (e.g., 106). In some embodi-
ments, the added number of higher frequency CPAsmay
enhance overall data link system functionality.
[0029] Referring to FIGS. 3A and 3B, exemplary em-
bodiments of the circular parasitic array assembly 104
are shown, according to the inventive concepts disclosed
herein are depicted. In some embodiments, the circular
parasitic array assembly 104 may be covered by a ra-
dome 302.
[0030] As shown in FIG. 3A, one or more of the at least
onepositionedcircular parasitic array (e.g., 108‑1,108‑2,
108‑3, and/or 108‑4) may be positioned (e.g., em-
bedded) within the physical cylindrical volume of the first
circular parasitic array 106. The first and second posi-

tioned circular parasitic arrays 108‑1, 108‑2 may each
comprise a PCB 306 (e.g., as illustrated in FIG. 3B). The
first circular parasitic array 106 may comprise a ground
plane having a first void, wherein the PCB 306 of the first
positioned circular parasitic array 108‑1 may be posi-
tioned (e.g.,mechanically attached)within the first void of
the ground plane. The first circular parasitic array 106
may comprise the ground plane also having a second
void, wherein the PCB 306 of the second positioned
circular parasitic array 108‑2 may be positioned within
the second void of the ground plane.
[0031] In some embodiments, for example, C Band
reflector/director monopoles (e.g., 404) may be removed
under a perimeter (and area within the perimeter) of the
KuBandCPA. Insomeembodiments, fourKuBandCPAs
arranged in north/south/east/ west symmetry arrange-
ment may have acceptable C Band perturbation.
[0032] As shown in FIG. 3B, one or more of the at least
onepositionedcircular parasitic array (e.g., 108‑1,108‑2,
108‑3, and/or 108‑4) may be positioned within the phy-
sical cylindrical volume of the first circular parasitic array
106 and/or above (e.g., partially above or directly above)
the physical cylindrical volume of the first circular para-
sitic array 106. The first positioned circular parasitic
arrays 108‑1 may each comprise a PCB 306. The first
circular parasitic array 106 may comprise a dielectric
substrate positioned above first circular parasitic array’s
106 PCB 304. In some embodiments, one or more of the
at least one positioned circular parasitic array (e.g.,
108‑1, 108‑2, 108‑3, and/or 108‑4) may be positioned
above the dielectric substrate 308. In some embodi-
ments, one or more of the at least one positioned circular
parasitic array (e.g., 108‑1, 108‑2, 108‑3, and/or 108‑4)
may have a separate feed line 310 (e.g., coax feed line,
such as a micro-coax feed line). For example, such an
exemplary embodiment disclosed in FIG. 3B may mini-
mize undesirable CPA‑ (e.g., 106) to-CPA (e.g., 108‑1)
RF interactions. In some embodiments, a Ku Band CPA
(e.g., 108‑1)maybe fedwith small form factormicro-coax
to minimize C Band CPA perturbation.
[0033] In some embodiments, the C Band CPA reflec-
tor/director monopoles (e.g., 404) may reside under the
Ku CPA (e.g., 108‑1). The Ku Band CPA may be above
the C Band CPA within close vicinity. The C Band reflec-
tors/director monopole lengths in the vicinity of the Ku
CPA may be foreshortened to account for parasitic ef-
fects.
[0034] In some embodiments, the Ku band CPA of the
CPA assembly 104may be reinforced by including struc-
tural foam inside the radome 302, the radome 302 being
mechanically designed to be a "receptacle" for the Ku
CPA, and/or the Ku Band CPAmay have a "from the top"
feed line 310 drop in assembly.
[0035] Referring still to FIG. 3B, some embodiments
may include symmetric shunt loading of the monopole
elements. For example, a Ku Band CPA’s ground bottom
side may act as a capacitive top-hat load of a monopole
and should drive resonant frequencies of theCBandpins
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directly under to be down in frequency. In some embodi-
ments, this effect may be compensated for by fore short-
ening those C Band monopoles directly under the Ku
Band ground.
[0036] Referring still to FIG. 3B, in someembodiments,
the Ku Band beam controller may be located on a bottom
side of theKuBandRFground. Some embodimentsmay
include electromagnetic interference (EMI) shielding to
minimize Ku/C Band interaction.
[0037] Referring now to FIG. 4, an exemplary embodi-
ment of the first circular parasitic array 106 of the circular
parasitic array assembly 104 is shown, according to the
inventive concepts disclosed herein are depicted.
[0038] As shown in FIG. 4, the first circular parasitic
array 106 may include a dielectric substrate 308 having
anarray of holes 406. The first circular parasitic array 106
may includeacenter, drivenmonopole402andaplurality
of switched monopoles 404 (which may also be referred
to directormonopoles (for the off state) or reflectormono-
poles for the on state).
[0039] Generally, antenna performance favors con-
struction with low loss dielectric materials. Currently,
COTS dielectric substrate materials used on antenna
constructions vary between a dielectric constant (dk) =
2.1 to dk = 38. Typically, the higher the dielectric constant,
there is electrically smaller the antenna structure as a
function of wavelength. Typically, dielectric loading of an
antenna creates two very undesirable effects: the un-
loaded Q of the antenna raise, which lower the impe-
dance bandwidth, which may be a significant effect for
some antenna architectures; and input terminals’ self-
impedance match of the antenna may worsen, and in
many cases, cannot beadequately compensated for by a
conventional reactive impedance matching network. For
some embodiments, CPA antenna design may result
from a complex interaction between the center driven
monopole, the "off state" director monopoles and the on-
state "reflector" monopoles, monopole height, and the
dielectric constant surrounding the monopoles. In gen-
eral, lowering the dielectric constant of the CPA antenna
raises its resonant frequency and can also improve ra-
diation and impedance performance of the antenna. In
some embodiments, the dielectric constant can be ad-
justedbyusingadesignwithagridof holes406 (e.g., "air"
holes) within a dielectric substrate 308 to lower its overall
dielectric constant dk. In some embodiments, the dielec-
tric constant of the substrate can be tailored by additive
manufacturing techniques, suchasbyvaryingadielectric
ratio and/or air density ratio during a fabrication process,
(e.g., by additively manufacturing a "porous" dielectric
region).
[0040] As shown in FIG. 4, the depiction of the first
circular parasitic array 106 has been simplified for illus-
trative purposes. For example, the first circular parasitic
array 106 may include multiple rings of switched mono-
poles 404. In some embodiments, some or all of the
monopoles 402, 404 can be either outside the holes
406, as shown in FIG. 4, or inside some or all of the holes

406. In some embodiments, the diameters, spacing,
and/or number of holes 406 may affect the amount of
dielectric const lowering. In some embodiments, the
holes 406 may be blind via holes produced by a PCB
process and/or through-holes between monopole ele-
ments (e.g., the dielectric substrate 308 can have
through holes that aremachined and bonded to the lower
monopole PCB metallic substrate surface).
[0041] Referring generally to FIGS. 1‑4, in some em-
bodiments, a system may include a circular parasitic
array assembly 104, which may include a first circular
parasitic array 106 and at least one positioned circular
parasitic array (e.g., 108‑1, 108‑2, 108‑3, and/or 108‑4).
The first circular parasitic array 106may be configured to
at least one of transmit or receive over a first bandwidth.
The first circular parasitic array 106 may be defined by a
physical cylindrical volume. The at least one positioned
circular parasitic array (e.g., 108‑1, 108‑2, 108‑3, and/or
108‑4) may include a first positioned circular parasitic
array 108‑1. The first positioned circular parasitic array
108‑1 may be configured to at least one of transmit or
receive over a second bandwidth, the second bandwidth
being a higher frequency bandwidth than the first band-
width.
[0042] In some embodiments, the at least one posi-
tioned circular parasitic array further includes a second
positioned circular parasitic array 108‑2, which may be
configured to at least one of transmit or receive over a
third bandwidth (e.g., whichmay be the same or different
than the second bandwidth), the third bandwidth being a
higher frequency bandwidth than the first bandwidth. For
example, the first bandwidth may be in a C band, and the
second bandwidth may be in a Ku band or a Ka band. In
some embodiments, the at least one positioned circular
parasitic array further includes a third positioned circular
parasitic array108‑3configured toat least oneof transmit
or receiveovera fourthbandwidth (e.g.,whichmaybe the
same and/or different than the second bandwidth and/or
the third bandwidth), the fourth bandwidth being a higher
frequency bandwidth than the first bandwidth. For exam-
ple, the first, second, and third positioned circular para-
sitic arrays 108‑1, 108‑2, 108‑3 may be radially symme-
trically arranged around a center monopole 402 of the
first circular parasitic array 106, for example, so as to
symmetrically perturb thefirst circularparasitic array106.
For example, the first bandwidth may be in a C band, the
second bandwidth may be in a first Ku band, the third
bandwidth may be in a second Ku band, and the fourth
bandwidth may be in a Ka band. In some embodiments,
the at least one positioned circular parasitic array further
includesa fourthpositionedcircularparasitic array108‑4,
which may be configured to at least one of transmit or
receive over a fifth bandwidth (e.g., which may be the
same and/or different than the second bandwidth and/or
the third bandwidth), the fifth bandwidth being a higher
frequency bandwidth than the first bandwidth.
[0043] In some embodiments, each of the first circular
parasitic array106and theat leastonepositionedcircular
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parasitic array (e.g., 108‑1, 108‑2, 108‑3, and/or 108‑4)
has a separate radiofrequency (RF) feed and separate
beam switching control signal.
[0044] In some embodiments, the systemmay include
at least one processor 120, which may be configured to
operate the first circular parasitic array 106 and the at
least one positioned circular parasitic array of the circular
parasitic array assembly 104.
[0045] In some embodiments, each of the at least one
positioned circular parasitic array (e.g., 108‑1, 108‑2,
108‑3, and/or 108‑4) and the first circular parasitic array
106 may operate as a fixed mode passive antenna in at
least one of an omnidirectional mode or a directional
mode.
[0046] In some embodiments, at any given time, each
of the at least one positioned circular parasitic array (e.g.,
108‑1, 108‑2, 108‑3, and/or 108‑4) and the first circular
parasitic array 106 may operate as an active mode
antenna in at least one of an omnidirectional mode or
a directional mode.
[0047] In some embodiments, at any given time, each
of one or more of the at least one positioned circular
parasitic array (e.g., 108‑1, 108‑2, 108‑3, and/or 108‑4)
and the first circular parasitic array 106may operate as a
fixed mode passive antenna in at least one of an omni-
directional mode or a directional mode, and, at any given
time (e.g., at least one another given time), each of at
least one other of the at least one positioned circular
parasitic array (e.g., 108‑1, 108‑2, 108‑3, and/or 108‑4)
and the first circular parasitic array 106 may operate as
an active mode antenna in at least one of an omnidirec-
tional mode or a directional mode.
[0048] For example, one or more of the at least one
positioned circular parasitic array (e.g., 108‑1, 108‑2,
108‑3, and/or 108‑4) and the first circular parasitic array
106 may operate in any of the following modes: omnidir-
ectional (Omni) C Band +Omni KuBand; Omni CBand +
Active dual mode Ku Band; Active Dual-mode C Band +
passive Ku omni; or Active Dual-mode C Band + Active
Dual mode Ku omni. Similar permutations of dual band,
tri-band, quad band, or quintuple band CPA assemblies
104may be extrapolated, such as for C+Ku1+ Ku2+ Ka1
+ Ka2 Band integrated CPA assemblies.
[0049] In some embodiments, simultaneous dual C
Band/Ku Band receive and transmit may be enabled,
for example, due to a relatively narrow band of each
antenna along with the wide frequency separation of
the Ku to C Band. In some embodiments, at any given
time, the first circular parasitic array 106 may be config-
ured to one of transmit or receivewhile one ormore of the
at least one positioned circular parasitic array (e.g.,
108‑1, 108‑2, 108‑3, and/or 108‑4) are configured to
another of transmit or receive. In some embodiments,
at any given time, the first circular parasitic array 106may
be configured to transmit while one ormore of the at least
onepositionedcircular parasitic array (e.g., 108‑1,108‑2,
108‑3, and/or 108‑4) are configured to transmit. In some
embodiments, at anygiven time, thefirst circular parasitic

array 106maybe configured to receivewhile oneormore
of the at least one positioned circular parasitic array (e.g.,
108‑1, 108‑2, 108‑3, and/or 108‑4) are configured to
receive.
[0050] In someembodiments, thefirst circular parasitic
array 106maycomprise adielectric substrate 308having
an array of holes 406, wherein the array of holes may
lower a dielectric constant of the dielectric substrate 308
as compared to another dielectric substrate lacking said
array of holes 406.
[0051] In some embodiments, one or more of the at
least one positioned circular parasitic array (e.g., 108‑1,
108‑2, 108‑3, and/or 108‑4)may be positioned above the
first circular parasitic array 106, and/or the one ormore of
the at least one positioned circular parasitic array (e.g.,
108‑1, 108‑2, 108‑3, and/or 108‑4) may be off-centered
relative to a center monopole 402 of the first circular
parasitic array 106.
[0052] In some embodiments, the circular parasitic
array assembly 104 may have symmetric shunt loading.
[0053] As will be appreciated from the above, embodi-
ments of the inventive concepts disclosed herein may be
directed to a method and a system including circular
parasitic array assembly (e.g., a multiple-band circular
parasitic array assembly).
[0054] As used throughout and as would be appre-
ciated by those skilled in the art, "at least one non-
transitory computer-readable medium" may refer to as
at least one non-transitory computer-readable medium
(e.g., at least onecomputer-readablemedium implemen-
ted as hardware; e.g., at least one non-transitory proces-
sor-readablemedium, at least onememory (e.g., at least
one nonvolatile memory, at least one volatile memory, or
a combination thereof; e.g., at least one random-access
memory,at least oneflashmemory, at least one read-only
memory (ROM) (e.g., at least one electrically erasable
programmable read-only memory (EEPROM)), at least
one on-processor memory (e.g., at least one on-proces-
sor cache, at least one on-processor buffer, at least one
on-processor flash memory, at least one on-processor
EEPROM,or a combination thereof), at least one storage
device (e.g., at least onehard-diskdrive, at least one tape
drive, at least one solid-state drive, at least one flash
drive, at least one readable and/orwritable disk of at least
one optical drive configured to read from and/or write to
the at least one readable and/or writable disk, or a com-
bination thereof).
[0055] Asused throughout, "at least one"meansoneor
a plurality of; for example, "at least one" may comprise
one, two, three, ..., one hundred, or more. Similarly, as
used throughout, "one or more" means one or a plurality
of; for example, "one or more" may comprise one, two,
three, ..., onehundred,ormore.Further, asused through-
out, "zero or more" means zero, one, or a plurality of; for
example, "zero or more" may comprise zero, one, two,
three, ..., one hundred, or more.
[0056] In the present disclosure, the methods, opera-
tions, and/or functionality disclosedmay be implemented
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as sets of instructions or software readable by a device.
Further, it is understood that the specific order or hier-
archy of steps in the methods, operations, and/or func-
tionality disclosed are examples of exemplary ap-
proaches. Based upon design preferences, it is under-
stood that the specific order or hierarchy of steps in the
methods, operations, and/or functionality can be rear-
ranged while remaining within the scope of the inventive
concepts disclosed herein. The accompanying claims
may present elements of the various steps in a sample
order, and are not necessarily meant to be limited to the
specific order or hierarchy presented.
[0057] It is to be understood that embodiments of the
methods according to the inventive concepts disclosed
herein may include one or more of the steps described
herein. Further, such steps may be carried out in any
desired order and twoormoreof the stepsmaybe carried
out simultaneously with one another. Two or more of the
steps disclosed hereinmay be combined in a single step,
and in some embodiments, one ormore of the stepsmay
be carried out as two or more sub-steps. Further, other
steps or sub-steps may be carried in addition to, or as
substitutes to one or more of the steps disclosed herein.
[0058] From the above description, it is clear that the
inventive concepts disclosed herein are well adapted to
carry out the objects and to attain the advantages men-
tioned herein as well as those inherent in the inventive
concepts disclosed herein. While presently preferred
embodiments of the inventive concepts disclosed herein
havebeendescribed for purposesof this disclosure, itwill
be understood that numerous changes may be made
which will readily suggest themselves to those skilled in
the art and which are accomplished within the broad
scope and coverage of the inventive concepts disclosed
and claimed herein.

Claims

1. A system, comprising:
a circular parasitic array assembly (104), compris-
ing:

a first circular parasitic array (106) configured to
at least one of transmit or receive over a first
bandwidth, the first circular parasitic array de-
fined by a physical cylindrical volume; and
at least one positioned circular parasitic array
including a first positioned circular parasitic ar-
ray (108‑1), each of the at least one positioned
circular parasitic array positioned at least one of
within the physical cylindrical volume of the first
circular parasitic array or above the physical
cylindrical volume of the first circular parasitic
array, wherein the first positioned circular para-
sitic array is configured toat least oneof transmit
or receive over a second bandwidth, the second
bandwidth being a higher frequency bandwidth

than the first bandwidth.

2. The system of claim 1, wherein the at least one
positioned circular parasitic array further comprises
a second positioned circular parasitic array (108‑2)
configured to at least one of transmit or receive over
a third bandwidth, the third bandwidth being a higher
frequency bandwidth than the first bandwidth.

3. The systemof claim2,wherein the third bandwidth is
different than the second bandwidth; and optionally
wherein the first bandwidth is in a C band, wherein
the second bandwidth is in a Ku band or a Ka band.

4. The system of claim 2, wherein the at least one
positioned circular parasitic array further comprises
a third positioned circular parasitic array (108‑3)
configured to at least one of transmit or receive over
a fourth bandwidth, the fourth bandwidth being a
higher frequency bandwidth than the first bandwidth.

5. The system of claim 4, wherein the first, second, and
third positioned circular parasitic arrays (108‑1,
108‑2, 108‑3) are radially symmetrically arranged
around a center monopole (402) of the first circular
parasitic array so as to symmetrically perturb the first
circular parasitic array (106).

6. The system of claim 4 or 5, wherein the fourth band-
width is different than the second and third band-
widths; and optionally wherein the first bandwidth is
inaCband,wherein thesecondbandwidth is inafirst
Ku band, wherein the third bandwidth is in a second
Ku band, wherein the fourth bandwidth is in a Ka
band.

7. The system of claim 4, wherein the at least one
positioned circular parasitic array further comprises
a fourth positioned circular parasitic array (108‑4)
configured to at least one of transmit or receive over
a fifth bandwidth, the fifth bandwidth being a higher
frequency bandwidth than the first bandwidth.

8. The system of any preceding claim, wherein each of
the first circular parasitic array (106) and the first
positioned circular parasitic array (108‑1) has a se-
parate radiofrequency, RF, feed and separate beam
switching control signal; and/or wherein each of the
at least one positioned circular parasitic array and
the first circular parasitic array (106) operates as a
fixed mode passive antenna in at least one of an
omnidirectional mode or a directional mode.

9. The system of any preceding claim, wherein, at any
given time, each of the at least one positioned cir-
cular parasitic array and the first circular parasitic
array (106) operates as an activemode antenna in at
least one of an omnidirectional mode or a directional
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mode.

10. The system of any preceding claim, wherein, at any
given time, each of one or more of the at least one
positioned circular parasitic array and the first circu-
lar parasitic array (106) operates as a fixed mode
passive antenna in at least one of an omnidirectional
mode or a directional mode, wherein, at any given
time, each of at least one other of the at least one
positioned circular parasitic array and the first circu-
lar parasitic array (106) operates as an active mode
antenna in at least one of anomnidirectionalmodeor
a directional mode.

11. The system of any preceding claim, wherein, at any
given time, the first circular parasitic array (106) is
configured to receivewhile oneormoreof theat least
onepositioned circular parasitic array are configured
to receive.

12. The system of any preceding claim, wherein the
circular parasitic array assembly (104) further com-
prises a first transceiver (110), at least one other
transceiver (112‑1), a modem (114), and at least
one processor (116), the first transceiver at least
connected to the first circular parasitic array (106),
each of the at least one other transceiver at least
connected to one of the at least one positioned
circular parasitic array, the modem at least con-
nected to each of the first transceiver and the at least
one other transceiver, one ormore of the at least one
processor at least connected to themodem,wherein
the circular parasitic array assembly has parasitic
element control for each of the first circular parasitic
array and the at least one positioned circular para-
sitic array.

13. The system of any preceding claim, wherein the first
circular parasitic array (106) comprises a dielectric
substrate (308) having an array of holes (406),
wherein the array of holes lower a dielectric constant
of the dielectric substrate as compared to another
dielectric substrate lacking said array of holes.

14. The system of any preceding claim, wherein the first
positioned circular parasitic array is positioned
above the first circular parasitic array (106), wherein
the first positioned circular parasitic array is off-cen-
tered relative to a center monopole (402) of the first
circular parasitic array; and/or wherein the first cir-
cular parasitic array (106) comprises a ground plane
having a void, wherein a PCB (304) of the first posi-
tioned circular parasitic array is positioned within the
void of the ground plane.

15. The system of any preceding claim, wherein the
circular parasitic array assembly has symmetric
shunt loading; and/or wherein the circular parasitic

array has multiple mode omnidirectional and/or di-
rectional operation.
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