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Description
TECHNICAL FIELD

[0001] The present disclosure relates generally to
electronically steerable antennae, and in particular, it
relates to a modular, scalable low-profile, and electro-
nically steerable antenna for L and/or K/Ka band com-
munication.

BACKGROUND

[0002] L-band terminals allow resilient communication
for antennae at low data rates (100-700 kbps), while
K/Ka-band terminals allow high data rate communication
(10s/100s Mbps) for antennae in geostationary earth orbit
(GEO), medium-earth orbit (MEO), and low-earth orbit
(LEO). L-band terminals (e.g., for command and control
operations) work with 10dBW to 21dBW (depending on
terminal type) and work with lower power devices, while
K/Ka-band terminals require high power during operation
(e.g., approximately 52dBW for transmitting and approxi-
mately 14dB/K for receiving in GEO), which may limit
their use in aerospace platforms, particularly smaller
aerospace platforms like UAS and UAM.

[0003] Through applied effort, ingenuity, and innova-
tion, Applicant has solved problems relating to L and
K/Ka-band terminals by developing solutions embodied
in the present disclosure, which are described in detail
below.

SUMMARY

[0004] In general, embodiments of the present disclo-
sure provide L/K/Ka band antennae and/or the like.
[0005] Inaccordance with various embodiments of the
present disclosure there is provided an antenna includ-
ing: a chassis; a plurality of printed circuit boards (PCBs)
disposed on or within the chassis, a plurality of L-band
antenna elements configured to transmit and receive
data through satellite communication; a plurality of
K/Ka-band antenna arrays configured to transmit and/or
receive data, wherein the plurality of L-band antenna
elements and the plurality of K/Ka-band antenna arrays
are disposed on the plurality of PCBs; and a controller
disposed on the plurality of PCBs and configured to
control the plurality of L-band antenna elements and
the plurality of K/Ka-band antenna arrays.

[0006] In some embodiments, the chassis further in-
cludes one or more heatsinks.

[0007] In some embodiments, the plurality of K/Ka-
band antenna arrays include 4x4, 8x8, or 16x16, or
64x64 K/Ka-band arrays.

[0008] In some embodiments, the antenna further in-
cludes one or more ground planes for the L-band ele-
ments and K/Ka band antenna arrays.

[0009] In some embodiments, the antenna further in-
cludes a metallic fencing electrically connected to the one
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or more ground elements and configured to separate two
or more of the plurality of L-band antenna elements.
[0010] In some embodiments, the metallic fencing is
meshed fencing.

[0011] In some embodiments, a multilayer PCB of the
plurality of PCBs includes a plurality of L-band slots and a
plurality of K/Ka band slots.

[0012] In some embodiment, the plurality of L-band
antenna elements include a mesh corresponding to the
plurality of L-band slots, wherein the K/Ka-band antenna
arrays are further configured to transmit and/or receive
data through the mesh.

[0013] In some embodiments, the plurality of K/Ka-
band antenna arrays include a plurality of KIKa patches
corresponding to the plurality of K/Ka-band slots.
[0014] In some embodiments, the K/Ka-band antenna
arrays are further configured to transmit and/or receive
data through the L-band meshed antenna elements in
GEO, LEO, or MEO.

[0015] In some embodiments, the plurality of L-band
antenna elements include a plurality of L-band patches.
[0016] In some embodiments, the plurality of L-band
patches include a plurality of L-band perforated top
patches and a plurality of L-band perforated bottom
patches, wherein the plurality of L-band perforated top
patches are disposed on a first PCB of the plurality of
PCBs, wherein the plurality of L-band perforated bottom
patches are disposed on a second PCB, and wherein the
second PCB is positioned below the first PCB.

[0017] In some embodiments, the plurality of L-band
slots are disposed on a third PCB of the plurality of PCBs,
and wherein the third PCB is positioned below the first
PCB and the second PCB.

[0018] In some embodiments, the antenna further in-
cludes one or more sub-miniature push-ons (SMPs)
disposed on the third PCB.

[0019] In some embodiments, the controller is dis-
posed on a fourth PCB of the plurality of PCBs, and
wherein the fourth PCB is positioned below the first,
second, and third PCBs.

[0020] In some embodiments, the antenna further in-
cludes one or more RF chains disposed on the third and
fourth PCBs.

[0021] In some embodiments, the antenna further in-
cludes one or more frames disposed between the plur-
ality of PCBs.

[0022] In some embodiments, the one or more frames
include an electromagnetic interference (EMI) shielding
configured to shield the plurality of L-band antenna ele-
ments.

[0023] Insomeembodiments, the plurality of PCBs are
disposed within the chassis such that one or more air-
gaps exist between two or more PCBs of the plurality of
PCBs.

[0024] In some embodiments, the one or more airgaps
separate the two or more PCBs at a distance between 5
and 10 millimeters.

[0025] The above summary is provided merely for
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purposes of summarizing some example embodiments
to provide a basic understanding of some embodiments
of the disclosure. Accordingly, it will be appreciated that
the above-described embodiments are merely exam-
ples. It will be appreciated that the scope of the disclosure
encompasses many potential embodiments in addition to
those here summarized, some of which will be further
described below.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWING(S)

[0026] Havingthus described the disclosure in general
terms, reference will now be made to the accompanying
drawings, which are not necessarily drawn to scale, and
wherein:

FIG. 1 is anisometric view of an example antenna in
accordance with various embodiments of the pre-
sent disclosure;

FIG. 2 is an exploded view of an example antennain
accordance with various embodiments of the pre-
sent disclosure;

FIG. 3 is a representative side view of an example
PCB in accordance with various embodiments of the
present disclosure;

FIG. 4A is a top plan view of example K/Ka band
patches of an example PCB in accordance with
various embodiments of the present disclosure;
FIG. 4B is a top plan view of an example K/Ka band
slot plane of an example PCB in accordance with
various embodiments of the present disclosure;
FIG. 4C is a top plan view of an example L-band slot
plane of an example PCB in accordance with various
embodiments of the present disclosure;

FIG.4Dis atop plan view of an example bottom layer
of an example PCB in accordance with various em-
bodiments of the present disclosure;

FIG. 5A is an isometric view of example internal
printed circuit boards of an example antenna in
accordance with various embodiments of the pre-
sent disclosure;

FIG. 5B is isometric view of an example L-band
ground plane of an example antenna in accordance
with various embodiments of the present disclosure;
FIG. 5C is an isometric view of example K/Ka-band
antenna arrays on an example printed circuit board
for an example antenna in accordance with various
embodiments of the present disclosure;

FIG. 5D is an exploded view of an example L/K/Ka
band of an example antenna in accordance with
various embodiments of the present disclosure;
FIG. 6 depicts an example implementation of a con-
troller in accordance with various embodiments of
the present disclosure;

FIG. 7A is a graphical illustration of example results
from a simulation of an example L-band in accor-
dance with various embodiments of the present dis-
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closure;

FIG.7B is a graphical illustration of example results
from a simulation of an example K/Ka-band array
without an L-band mesh in accordance with various
embodiments of the present disclosure; and

FIG. 7C is a graphical illustration of example results
from a simulation of an example K/Ka-band array
with an L-band mesh in accordance with various
embodiments of the present disclosure.

DETAILED DESCRIPTION OF SOME EXAMPLE EM-
BODIMENTS

[0027] Various embodiments of the present disclosure
now will be described more fully hereinafter with refer-
ence to the accompanying drawings, in which some, but
not allembodiments of the disclosure are shown. Indeed,
this disclosure may be embodied in many different forms
and should not be construed as limited to the embodi-
ments set forth herein; rather, these embodiments are
provided so that this disclosure will satisfy applicable
legal requirements. The term "or" (also designated as
"/") is used herein in both the alternative and conjunctive
sense, unless otherwise indicated. The terms "illustra-
tive" and "exemplary" are used to be examples with no
indication of quality level. Like numbers may refer to like
elements throughout. The phrases "in one embodiment,”
"according to one embodiment," and/or the like generally
mean that the particular feature, structure, or character-
istic following the phrase may be included in at least one
embodiment of the present disclosure and may be in-
cluded in more than one embodiment of the present
disclosure (importantly, such phrases do not necessarily
may refer to the same embodiment).

Overview

[0028] A dual-band antenna may provide for commu-
nication through satellites at low (L-band) and high data
rates (K/Ka-band) for aerospace platforms in GEO, LEO,
and MEO. In some embodiments, a dual-band antenna
may be used in aerospace applications, such as UAV
command and control (using the L-band) and high-speed
data transmission (using the K/Ka-band). Incorporating
separate L and KIKa-band elements may take up unne-
cessary amounts of space and/or require significant
power consumption; this incorporation may also lead
to incompatibility with different chipsets. According to
various embodiments, a combined L-band and K/Ka
band antenna is disclosed that optimizes power con-
sumption, considers space concerns, and enables com-
munication in multiple bands.

[0029] An antenna may be contained in a single line
replacement unit (LRU) and may include multiple printed
circuit boards (PCBs) containing dual band antenna ele-
ments for toggling the antenna between different com-
munication bands. In some embodiments, the antenna
may operate in the L-band and K/Ka-band and switch
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between these two bands as desired. In some embodi-
ments, the printed circuit boards may be disposed within
a chassis including one or more heat sinks. In some
embodiments, the plurality of L-band antenna elements
may be configured for satellite communication and the
plurality of K/Ka-band antenna elements may be config-
ured to transmit and receive data. In some embodiments,
the L-band antenna elements may be configured for
command-and-control operations while the K/Ka-band
antenna arrays may be configured for periodically trans-
mitting high-speed data.

Example Antennae

[0030] FIG. 1 shows an isometric view of an example
antenna 100 in accordance with various embodiments of
the present disclosure. In some embodiments, the an-
tenna 100 may have a compact, lightweight design. In
some embodiments, the antenna 100 may have dimen-
sions of approximately 5.5 inches in length, 5.5 inches in
width, and 2.2 inches in height. In some embodiments,
the antenna 100 may be configured for L and/or K/Ka-
band communication. In some embodiments, the anten-
na 100 may be an LRU or part of an LRU and attached to
an aerospace platform (e.g., an unmanned aerial vehicle
or a satellite in LEO, MEO, or GEO). Additionally or
alternatively, in some embodiments, the antenna 100 is
a subcomponent of another vehicle, for example a
ground traversing vehicle or a water traversing vehicle.
[0031] In some embodiments, the antenna 100 may
include a chassis 102. In some embodiments, the chas-
sis 102 may be configured to hold in place, and/or con-
tain, one or more components of the antenna 100. In
some embodiments, the chassis 102 may be substan-
tially rectangular in shape. In some embodiments, the
chassis 102 may include one or more fastening points
103A-D through which one or more fasteners may be
inserted or otherwise attached to connect the chassis
102 to a surface. In some embodiments, the chassis 102
may be substantially metallic, plastic, or composed of a
composite material. In some embodiments, and as
shown in more detail in at least FIG. 2, the chassis 102
may include multiple component parts that fit together.

[0032] Insome embodiments, the chassis 102 may be
attached to a case 104. In some embodiments, the case
104 may be aradome composed of one or more materials
configured to facilitate the passage of radio waves
through the case 104. In some embodiments, the case
104 may be transparent or translucent and configured to
allow a viewer to observe one or more components of the
antenna 100. In some embodiments, the case 104 may
be plastic or glass or composed of a similar material. In
some embodiments, the case 104 may be configured to
protect one or more components contained within the
chassis 102. In some embodiments, the antenna 100
may include a TNC connector 105 that may be fixedly
attached to the chassis 102. In some embodiments, the
TNC connector 105 may be configured to receive a
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coaxial cable to connect the antenna 100 to one or more
electrical devices.

[0033] In some embodiments, a fencing 106 may be
placed on the chassis 102 or otherwise extend above the
chassis 102. In some embodiments, the fencing 106 may
extend up to 5 mm above the chassis 102. In some
embodiments, the fencing 106 may be placed on the
chassis 102 such that the fencing 106 divides the chassis
102 into quadrants or other sections. In some embodi-
ments, the fencing 106 may be perforated with one or
more holes; that is, in some embodiments, the fencing
106 may be meshed. In some embodiments, the one or
more holes in the fencing 106 may be configured to
permit K/Ka-band radiation to pass through. In some
embodiments, the fencing 106 may extend between in-
dividual array elements of the antenna. In some embodi-
ments, the fencing 106 may be a crossed metallic fence
electrically connected to a ground plane. In some embo-
diments, the fencing 106 may be electrically connected to
aground plane, one or more ground elements, and to one
or more heatsinks.

[0034] FIG. 2 is an exploded view of the example
antenna 100 in accordance with various embodiments
of the present disclosure. In some embodiments, the
antenna 100 may include one or more printed circuit
boards (PCBs) 108A-D. Though four PCBs are shown
in FIG. 2, it will be understood that the antenna 100 may
include more than four PCBs or fewer than four PCBs, as
desired.

[0035] In some embodiments, one or more airgaps
may be disposed between the PCBs 108A-D in the
antenna. In some embodiments, the airgaps may span
a distance ranging between 5 and 10 mm. In some
embodiments, there may be a first PCB 108A, a second
PCB 108B, a third PCB 108C, and a fourth PCB 108D. In
some embodiments, the first PCB 108A may be posi-
tioned above the second PCB 108B, which may be
positioned above the third PCB 108C, which may be
positioned above the fourth PCB 108D. It will be under-
stood that the stacking arrangement of the PCBs 108A-D
may be varied as desired, according to various embodi-
ments.

[0036] As shown in at least FIG. 2, in some embodi-
ments, the one or more PCBs 108A-D may be placed
within the chassis 102 of the antenna 100. In some
embodiments, the one or more PCBs 108A-D may be
configured in a stacked arrangement, one on top of the
other, within the chassis 102. In some embodiments, and
as previously alluded to, the chassis 102 may include one
or more frames 110A-C. In some embodiments, the one
or more frames 110A-C may be metal frames. In some
embodiments, the one or more PCBs 108A-D may be
separated within the chassis 102 via the one or more
frames 110A-C and/or the airgaps. In some embodi-
ments, one or more of the one or more PCBs 108A-D
may be operably engaged to or fixedly attached to one or
more of the one or more frames 110A-C. Forexample, the
PCB 108A may be fixedly attached to the frame 110A, the
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PCB 108B may be fixedly attached to the frame 110B, the
PCB 108C may be fixedly attached to the frame 110C,
and the PCB 108D may be fixedly attached to and/or
placed within the chassis 102, along with the other PCBs
108A-C and frames 110A-C.

[0037] FIG. 3 shows a side, representative stack view
of an example PCB 108C of the example antenna 100 in
accordance with various embodiments of the present
disclosure. In some embodiments, the example PCB
108C (and the other PCBs 108A-B and D, as well)
may include one or more layers. In some embodiments,
the example PCB 108C of the antenna 100 may include
various components distributed throughout the one or
more PCBs 108A-D and located within the chassis 102 or
the case 104.

[0038] Insome embodiments, the example PCB 108C
of the antenna 100 may include one or more K/Ka band
(18 to 40 GHz) antenna arrays including one or more
K/Ka patches 112, one or more K/Ka feed traces 114, at
least one K/Ka ground 116, one or more K/Ka radio-
frequency integrated circuit (RFIC) traces 124, and
one or more KlKa RFICs 126. In some embodiments,
PCB 108C may include necessary power planes, control
lines, and associated electronics to support the RFICs -
thereby enabling progressive phase shifts between ele-
ments to form a steered beam in the transmit and/or
receive band. In some embodiments, the K/Ka band
arrays may be stacked patch antennae with aperture
coupling through a slot in K/Ka ground 116, or as inset
fed stacked patch antennae with coupling from the K/Ka
band RFIC layers. In some embodiments, the K/Ka feed
traces 114 are coupled to the slots to transfer RF energy
to the stacked patch antennae above the ground plane
118. In some embodiments, these various arrays may be
stacked or otherwise arranged to be aligned. In some
embodiments, the one or more K/Ka band antenna ar-
rays may enable to the antenna 100 to communicate with
frequencies ranging between 18 and 40 GHz. In some
embodiments, the K/Ka antenna arrays may be config-
ured for highspeed (10s/100s Mbps) data communica-
tions in LEO, MEO, and/or GEO. In some embodiments,
the K/Ka antenna arrays may be configured for both
transmitting and receiving highspeed data communica-
tions. In some embodiments, the K/Ka-band antenna
arrays may consume a high amount of power. In some
embodiments, though the third PCB 108C is shown in
FIG. 3, the K/Ka-band antenna arrays may be disposed
on both the third PCB 108C and the fourth PCB 108D. In
some embodiments, the K/Ka band antenna arrays may
be interleaved to form a shared aperture.

[0039] In some embodiments, the example third PCB
108C may include at least one L ground plane 118, a
power/control element 120 and at least one RF ground
122. In some embodiments, the antenna 100 may also
include a sub miniature push-on (SMP) 128. In some
embodiments, these various elements may similarly be
aligned with each other, as previously described, or
aligned with one or more of the K/Ka-band antenna
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arrays previously described. In some embodiments,
the L-ground plane 118, power/control element 120,
and at least one RF ground 122 may interact with other
elements on separate PCBs 108A-B and 108D within the
antenna 100. In some embodiments, the L-ground plane
118 may be operably connected to one or more L-band
elements disposed on other PCBs 108A-B and 108D
within the antenna 100. In some embodiments, the
power/control element 120 may house or otherwise con-
tain the controller 300, as will be described in greater
detail later in this disclosure. =

[0040] FIGS. 4A-4D show top plan views of various
bands and/or layers of an example PCB 108C of the
example antenna 100. In some embodiments, and as
shown in at least FIG. 4A, a K/Ka-band for the example
antenna 100 may include the plurality of K/Ka-band
patches 112. In some embodiments, the K/Ka-band
patches 112 may be disposed on a first PCB 108A. In
some embodiments, the K/Ka-band patches 112 may be
distributed in an 8x8 configuration as shown. In some
embodiments, there may be more or fewer K/Ka-band
patches 112 as desired, in a variety of configurations. For
example, in some embodiments, the K/Ka-band patches
112 may be disposed in an 8x8, 16x16, 64x64, or higher
configurations.

[0041] Insome embodiments, and as shown in atleast
FIG. 4B, a K/Ka-band slot plane may include a plurality of
K/Ka-band slots 132. In some embodiments, the K/Ka-
band slots 132 may be disposed on the third or fourth
PCB 108C, 108D. In some embodiments, the K/Ka-band
slots 132 may be substantially cross-shaped. In some
embodiments, the K/Ka-band slots 132 may correspond
to the K/Ka-band patches 112. For example, if the K/Ka-
band patches 112 are disposed in an 8x8 configuration
(asinatleastFIG. 4A), then the K/Ka-band slots 132 may
also be disposed in an 8x8 configuration (as in at least
FIG. 4B) and aligned with the K/Ka-band patches 112. In
some embodiments, the K/Ka-band patches 112 and
K/Ka-band slots 132 may be disposed on the same
PCB 108A-D on one or more layers within the PCB
108A-D, or they may be disposed on different PCBs.
[0042] Insome embodiments, and as shown in atleast
FIG. 4C, an L-band slot plane 133 may include one or
more sections (e.g., quadrants) 134A-D. In some embo-
diments, the L-band slot plane 133 may be disposed on a
third PCB 108C. In some embodiments, the L-band slot
plane 133 may be substantially cross-shaped. In some
embodiments, the L-band slot plane 133 may include a
plurality of L-band slots disposed on the L-band slot plane
133. In some embodiments, the plurality of L-band slots
may correspond to a plurality of L-band patches or other
L-band antenna elements disposed on the PCBs 108A-D
of the antenna 100.

[0043] Insome embodiments, and as shown in at least
FIG. 4D, a bottom layer of the PCBs 108A-D (e.g., a
bottom layer of the third PCB 108C) may include one or
more L-band traces 124 and one or more K/Ka RFIC 130.
In some embodiments, the L-band traces 124 may cor-
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respond with the L-ban slot plane 133 and the plurality of
L-band slots. In some embodiments, the one or more
KIKa RFICs 126 may correspond to the K/Ka-band
patches 112 and the plurality of K/Ka-band slots 132.
In some embodiments, the KIKa RFICs 126 may provide
necessary circuitry for the K/Ka-band antenna arrays
and/or various other components of the antenna 100.
[0044] FIGS. 5A-5D show various views of the exam-
ple PCBs 108A-D and various layers of the example
PCBs 108A-D of the example antenna 100 in accordance
with various embodiments of the present disclosure. FIG.
5A shows the PCBs 108A-D outside of the chassis 102. In
some embodiments, the first PCB 108A may include four
quadrants 136A-D, each which of which may include a
patch. In some embodiments, the first PCB 108A may be
visible through the case 104. In some embodiments, one
or more L-band patches 138 may be placed on the first
PCB 108A. In some embodiments, the one or more L-
band patches 138 may be perforated patches and may be
divided into top and bottom patches, with the top patches
disposed on PCB 108A and the bottom patches disposed
on PCB 108B and configured to be aligned. In some
embodiments, the L-band patches may be meshed to
allow for the passage of K/Ka-band signals through the L-
band patches.

[0045] FIG. 5B shows the third PCB 108C, according to
some embodiments. In some embodiments, the L-band
ground plane may be disposed on the third PCB 108C. In
some embodiments, the third PCB 108C may include
four quadrants 140A-D. In some embodiments, one or
more L band slot planes 133 (as seenin atleast FIG. 4C),
may be disposed on the third PCB 108C.

[0046] FIG. 5C shows the K/Ka-band antenna arrays
on the third PCB 108C. In some embodiments, one or
more K/Ka patches 112 may be disposed on the third
PCB 108C. In some embodiments, the one or more K/Ka
patches 112 may be disposed on the first and fourth
quadrants (104A and 104D) of the third PCB 108C. In
some embodiments, the one or more K/Ka patches 112
may be distributed onto other patches of the third PCB
108C or other patches of the PCBs of the antenna 100.
[0047] FIG. 5D shows the K/Ka-band antenna arrays
along with the L-band perforated patches 138 positioned
above the L-band slots in the L-band slot plane 133, as
previously described. In some embodiments, the L-band
perforated patches 138 may be disposed above the L-
band slot plane 133. In some embodiments, the L-band
perforated patches 138 may be meshed such that signals
from the K/Ka-band antenna arrays may pass through
the L-band antenna elements. In some embodiments,
one or more RF chains may be disposed on one or more
of the PCBs 108A-108D of the antenna.

Example Controllers

[0048] FIG. 6 depicts an implementation of a controller
300 that may execute techniques presented herein, ac-
cording to various embodiments. In some embodiments,
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the controller 300 may include a set of instructions that
can be executed to cause the controller 300 to perform
any one or more of the methods or computer based
functions disclosed herein. In some embodiments, the
controller 300 may operate as a standalone device or
may be connected (e.g., using a network, to other com-
puter systems or peripheral devices). In some embodi-
ments, the controller 300 may be housed within or other-
wise located in one of the PCBs 108A-D of the antenna
100. In some embodiments, the controller 300 may be
integrated into or coupled to the power control element
120 as previously described. In some embodiments, the
controller 300 may be configured to change the operation
ofthe antenna 100 from the L-band communication to the
K/Ka-band communication, and vice-versa.

[0049] In a networked deployment, according to some
embodiments, the controller 300 may operate in the
capacity of a server or as a client in a server-client user
network environment, or as a peer computer systemin a
peer-to-peer (or distributed) network environment. In
some embodiments, the controller 300 can also be im-
plemented as or incorporated into various devices, such
as a personal computer (PC), a tablet PC, a set-top box
(STB), a personal digital assistant (PDA), a mobile de-
vice, a palmtop computer, a laptop computer, a desktop
computer, a communications device, a wireless tele-
phone, aland-line telephone, a control system, acamera,
a scanner, a facsimile machine, a printer, a pager, a
personal trusted device, a web appliance, a network
router, switch or bridge, or any other machine capable
of executing a set of instructions (sequential or other-
wise) that specify actions to be taken by that machine. In
some embodiments, the controller 300 can be implemen-
ted using electronic devices that provide voice, video, or
data communication. Further, while the controller 300 is
illustrated as a single system, in some embodiments, the
term "system" shall also be taken to include any collection
of systems or subsystems that individually or jointly exe-
cute a set, or multiple sets, of instructions to perform one
or more computer functions.

[0050] AsillustratedinatleastFIG.6,in some embodi-
ments, the controller 300 may include a processor 302
(e.g., a central processing unit (CPU) a graphics proces-
sing unit (GPU), or both). In some embodiments, the
processor 302 may be a component in a variety of sys-
tems. For example, the processor 302 may be part of a
standard computer. In some embodiments, the proces-
sor 302 may be one or more general processors, digital
signal processors, application specific integrated cir-
cuits, field programmable gate arrays, servers, networks,
digital circuits, analog circuits, combinations thereof, or
other now known or later developed devices for analyzing
and processing data. In some embodiments, the proces-
sor 302 may implement a software program, such as
code generated manually (i.e., programmed).

[0051] In some embodiments, the controller 300 may
include a memory 304 that can communicate via a bus
308. In some embodiments, the memory 304 may be a
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main memory, a static memory, or a dynamic memory. In
some embodiments, the memory 304 may include, butis
not limited to computer readable storage media such as
various types of volatile and non-volatile storage media,
including but not limited to random access memory, read-
only memory, programmable read-only memory, electri-
cally programmable read-only memory, electrically era-
sable read-only memory, flash memory, magnetic tape or
disk, optical media and the like. In one implementation,
the memory 304 includes a cache or random-access
memory for the processor 302. In alternative implemen-
tations, the memory 304 is separate from the processor
302, such as a cache memory of a processor, the system
memory, or other memory. The memory 304 may be an
external storage device or database for storing data.
Examples include a hard drive, compact disc ("CD"),
digital video disc ("DVD"), memory card, memory stick,
floppy disc, universal serial bus ("USB") memory device,
or any other device operative to store data. The memory
304 is operable to store instructions executable by the
processor 302. The functions, acts or tasks illustrated in
the figures or described herein may be performed by the
processor 302 executing the instructions stored in the
memory 304. The functions, acts or tasks are indepen-
dent of the particular type of instructions set, storage
media, processor or processing strategy and may be
performed by software, hardware, integrated circuits,
firm-ware, micro-code and the like, operating alone or
in combination. Likewise, processing strategies may in-
clude multiprocessing, multitasking, parallel processing
and the like.

[0052] As shown, the controller 300 may further in-
clude a display 310, such as a liquid crystal display
(LCD), an organic light emitting diode (OLED), a flat panel
display, a solid-state display, a cathode ray tube (CRT), a
projector, a printer or other now known or later developed
display device for outputting determined information. The
display 310 may act as an interface for the user to see the
functioning of the processor 302, or specifically as an
interface with the software stored in the memory 304 orin
the drive unit 306.

[0053] Additionally or alternatively, the controller 300
may include an input device 312 configured to allow a
user to interact with any of the components of controller
300. The input device 312 may be a number pad, a
keyboard, or a cursor control device, such as a mouse,
or a joystick, touch screen display, remote control, or any
other device operative to interact with the controller 300.
[0054] The controller 300 may also or alternatively
include drive unit 306 implemented as a disk or optical
drive. The drive unit 306 may include a computer-read-
able medium 322 in which one or more sets of instruc-
tions 324, e.g. software, can be embedded. Further, the
instructions 324 may embody one or more of the methods
or logic as described herein. The instructions 324 may
reside completely or partially within the memory 304
and/or within the processor 302 during execution by
the controller 300. The memory 304 and the processor
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302 also may include computer-readable media as dis-
cussed above.

[0055] In some systems, a computer-readable med-
ium 322 includes instructions 324 or receives and exe-
cutes instructions 324 responsive to a propagated signal
so that a device connected to a network 370 can com-
municate voice, video, audio, images, or any other data
over the network 370. Further, the instructions 324 may
be transmitted or received over the network 370 via a
communication port or interface 320, and/or using a bus
308. The communication port or interface 320 may be a
part of the processor 302 or may be a separate compo-
nent. The communication port or interface 320 may be
created in software or may be a physical connection in
hardware. The communication port or interface 320 may
be configured to connect with a network 370, external
media, the display 310, or any other components in
controller 300, or combinations thereof. The connection
with the network 370 may be a physical connection, such
as a wired Ethernet connection or may be established
wirelessly as discussed below. Likewise, the additional
connections with other components of the controller 300
may be physical connections or may be established
wirelessly. The network 370 may alternatively be directly
connected to a bus 308.

[0056] While the computer-readable medium 322 is
shown to be a single medium, the term "computer-read-
able medium" may include a single medium or multiple
media, such as a centralized or distributed database,
and/or associated caches and servers that store one
or more sets of instructions. The term "computer-read-
able medium" may also include any medium that is cap-
able of storing, encoding, or carrying a set of instructions
for execution by a processor or that cause a computer
system to perform any one or more of the methods or
operations disclosed herein. The computer-readable
medium 322 may be non-transitory, and may be tangible.
[0057] The computer-readable medium 322 can in-
clude a solid-state memory such as a memory card or
other package thathouses one or more non-volatile read-
only memories. The computer-readable medium 322 can
be arandom-access memory or other volatile re-writable
memory. Additionally or alternatively, the computer-read-
able medium 322 can include a magnetooptical or optical
medium, such as a disk or tapes or other storage device
to capture carrier wave signals such as a signal commu-
nicated over a transmission medium. A digital file attach-
ment to an e-mail or other self-contained information
archive or set of archives may be considered a distribu-
tion medium that is a tangible storage medium. Accord-
ingly, the disclosure is considered to include any one or
more of a computer-readable medium or a distribution
medium and other equivalents and successor media, in
which data or instructions may be stored.

[0058] In an alternative implementation, dedicated
hardware implementations, such as application specific
integrated circuits, programmable logic arrays and other
hardware devices, can be constructed to implement one
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or more of the methods described herein. Applications
that may include the apparatus and systems of various
implementations can broadly include a variety of electro-
nic and computer systems. One or more implementations
described herein may implement functions using two or
more specific interconnected hardware modules or de-
vices with related control and data signals that can be
communicated between and through the modules, or as
portions of an application-specific integrated circuit. Ac-
cordingly, the present system encompasses software,
firmware, and hardware implementations.

[0059] The controller 300 may be connected to a net-
work 370. The network 370 may define one or more
networks including wired or wireless networks. The wire-
less network may be a cellular telephone network, an
802.11, 802.16, 802.20, or WiMAX network. Further,
such networks may include a public network, such as
the Internet, a private network, such as an intranet, or
combinations thereof, and may utilize a variety of net-
working protocols now available or later developed in-
cluding, but not limited to TCP/IP based networking pro-
tocols. The network 370 may include wide area networks
(WAN), such as the Internet, local area networks (LAN),
campus area networks, metropolitan area networks, a
direct connection such as through a Universal Serial Bus
(USB) port, or any other networks that may allow for data
communication. The network 370 may be configured to
couple one computing device to another computing de-
vice to enable communication of data between the de-
vices. The network 370 may generally be enabled to
employ any form of machine-readable media for com-
municating information from one device to another. The
network 370 may include communication methods by
which information may travel between computing de-
vices. The network 370 may be divided into sub-net-
works. The sub-networks may allow access to all of
the other components connected thereto or the sub-net-
works may restrict access between the components. The
network 370 may be regarded as a public or private
network connection and may include, for example, a
virtual private network or an encryption or other security
mechanism employed over the public Internet, or the like.
[0060] In accordance with various implementations of
the present disclosure, the methods described herein
may be implemented by software programs executable
by a computer system. Further, in an exemplary, non-
limited implementation, implementations caninclude dis-
tributed processing, component/object distributed pro-
cessing, and parallel processing. Alternatively, virtual
computer system processing can be constructed to im-
plement one or more of the methods or functionality as
described herein.

[0061] Although the present specification describes
components and functions that may be implemented in
particular implementations with reference to particular
standards and protocols, the disclosure is not limited to
such standards and protocols. For example, standards
for Internet and other packet switched network transmis-
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sion (e.g., TCP/IP, UDP/IP, HTML, HTTP) represent ex-
amples of the state of the art. Such standards are peri-
odically superseded by faster or more efficient equiva-
lents having essentially the same functions. Accordingly,
replacement standards and protocols having the same or
similar functions as those disclosed herein are consid-
ered equivalents thereof.

Example Experimental Simulation Results

[0062] FIGS. 7A-7C graphically illustrate simulated
test results for various example antennae 100. Each
graph shows realized gain for a simulated antenna.
The y-axis charts total realized gain (in dB), and the x-
axis charts frequency (in degrees, theta). It will be under-
stood thatthese simulation results are preliminary results
for simulated example antennae 100 and are not in-
tended as definitive examples of antennae performance.
[0063] As shown in at least FIG. 7A, a simulated test
using L-band perforated patches result in a decrease by
0.5 dB of element aperture gain and a frequency shift to
the lower side by 6 to 8%.

[0064] FIG. 7B shows test results for a simulated ex-
ample antenna where the L-band does not have a mesh,
and FIG. 7C shows test results for a simulated example
antenna where the L-band does have a mesh. The si-
mulated test results show that, in some embodiments,
the L-band mesh may provide an opening for the K/Ka-
band radiation such that both the L-band and K/Ka-band
may be used by an example antenna 100 without sig-
nificant performance loss for either band. Also as shown
in FIG. 7C, the mesh test results show a 1 dB gain
reduction, 0.6 dB of which is directivity loss and 0.4 dB
of which is mismatch loss.

[0065] Many modifications and other embodiments of
the disclosure set forth herein will come to mind to one
skilled in the art to which this disclosure pertains having
the benefit of the teachings presented in the foregoing
descriptions and the associated drawings. Therefore, itis
to be understood that the disclosure is not to be limited to
the specific embodiments disclosed and that modifica-
tions and other embodiments are intended to be included
within the scope of the appended claims. Although spe-
cific terms are employed herein, they are used in a
generic and descriptive sense only and not for purposes
of limitation.

Claims
1. An antenna comprising:

a chassis;

a plurality of printed circuit boards (PCBs) dis-
posed on or within the chassis,

a plurality of L-band antenna elements config-
ured to transmit and receive data through satel-
lite communication;
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a plurality of K/Ka-band antenna arrays config-
ured to transmit and/or receive data,

wherein the plurality of L-band antenna ele-
ments and the plurality of K/Ka-band arrays
are disposed on the plurality of PCBs; and

a controller disposed on the plurality of PCBs
and configured to control the plurality of L-band
antenna elements and the plurality of K/Ka-band
antenna arrays.

The antenna of claim 1, wherein the plurality of K/Ka-
band antenna arrays comprise 4x4, 8x8, 16x16, or
64x64 K/Ka-band antenna arrays, and wherein the
chassis further comprises one or more heatsinks.

The antenna of claim 1, further comprising one or
more ground planes for the L-band elements and
K/Ka-band antenna arrays.

The antenna of claim 3, further comprising a metallic
fencing electrically connected to the one or more
ground planes and configured to separate two or
more of the plurality of L-band meshed antenna
elementsin GEO, LEO, or MEO. wherein the metallic
fencing comprises meshed fen.

The antenna of claim 1, wherein a multilayer PCB of
the plurality of PCBs comprises a plurality of L-band
slots and a plurality of K/Ka band slots.

The antenna of claim 5, wherein the plurality of L-
band antenna elements comprise a mesh corre-
sponding to the plurality of L-band slots, wherein
the K/Ka-band antenna arrays are further configured
to transmit and/or receive data through the mesh.

The antenna of claim 6, wherein the plurality of K/Ka-
band antenna arrays comprise a plurality of K/Ka
patches corresponding to a plurality of K/Ka-band
slots and wherein the K/Ka-band antenna arrays are
further configured to transmit and/or receive data
through the mesh in GEO, LEO, or MEO.

The antenna of claim 7, wherein the plurality of L-
band antenna elements comprise a plurality of L-
band patches.

The antenna of claim 8, wherein the plurality of L-
band patches comprise a plurality of L-band perfo-
rated top patches and a plurality of L-band perforated
bottom patches, wherein the plurality of L-band per-
forated top patches are disposed on afirst PCB of the
plurality of PCBs, wherein the plurality of L-band
perforated bottom patches are disposed on a second
PCB, and wherein the second PCB is positioned
below the first PCB.

10. The antenna of claim 9, wherein the plurality of L-
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1.

12.

13.

14.

15.

band slots are disposed on a third PCB of the plurality
of PCBs, and wherein the third PCB is positioned
below the first PCB and the second PCB.

The antenna of claim 10, further comprising one or
more sub-miniature push-ons (SMPs) disposed on
the third PCB.

The antenna of claim 10, wherein the controller is
disposed on a fourth PCB of the plurality of PCBs,
and wherein the fourth PCB is positioned below the
first, second, and third PCBs.

The antenna of claim 12, further comprising one or
more RF chains disposed on the third PCB and the
fourth PCB.

The antenna of claim 1, further comprising one or
more frames disposed between the plurality of
PCBs, wherein the one or more frames comprise
an electromagnetic interference (EMI) shielding con-
figured to shield the plurality of L-band antenna ele-
ments.

The antenna of claim 1, wherein the plurality of PCBs
are disposed within the chassis such that one or
more airgaps exist between two or more PCBs of
the plurality of PCBs, and wherein the one or more
airgaps separate the two or more PCBs at a distance
between 5 and 10 millimeters.
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