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Description
FIELD
[0001] This disclosure relates generally to wireless

communication apparatuses. More specifically, this dis-
closurerelates to systemsincluding RF (e.g., microwave)
antennas for high-speed, long-range wireless communi-
cation and particularly to devices including components
for selectively attenuating electromagnetic signals from
the wireless communication systems to improve signal
quality. This disclosure also relates to devices to protect
a wireless communication system from damage.

BACKGROUND

[0002] The rapid development of optical fibers, which
permit transmission over long distances and at high
bandwidths, has revolutionized the telecommunications
industry and has played a major role in the advent of the
information age. However, there are limitations to the ap-
plication of optical fibers. Because laying optical fibers in
the field can require a large initial investment of time and
material, it is not cost effective to extend the reach of
optical fibers to sparsely populated areas, such as rural
regions or other remote, hard-to-reach areas. Moreover,
in many scenarios in which a business may want to es-
tablish point-to-point links among multiple locations, it
may not be economically feasible to lay new fibers.
[0003] On the other hand, wireless radio communica-
tion devices and systems provide high-speed data trans-
mission over an air interface, making it an attractive tech-
nology for providing network connections to areas that
are not yet reached by fibers or cables. Wireless com-
munications are rapidly carried through the air and space
by electromagnetic signals, generally from one antenna
to another antenna. However, currently available wire-
less technologies for long-range, point-to-point (or point-
to-multipoint) connections of electromagnetic signals en-
counter many problems, such as limited range and poor
signal quality.

[0004] Anantennaisresponsible for transmitting or re-
ceiving signals that carry information, specifically elec-
tromagnetic signals such as microwave, radio or satellite
signals, across air and space from one place to another
place. An antenna is generally used with other compo-
nents as part of an antenna system to accomplish its
tasks. An antenna functions by changing the form of the
signals, making them accessible for human use. Electro-
magnetic signals in the form of electromagnetic waves
are transmitted (delivered or sent) from one antenna and
are received (picked up) by another antenna. Electro-
magnetic waves are complex and have both an electric
component and a magnetic component. One antenna
transmits signals by converting an electrical current into
electromagnetic waves (such as radio waves) that pro-
ceed out from the antenna into air and space. Some of
the electromagnetic waves (such as the radio waves) are
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received by another antenna which converts them back
into an electrical current. There are many types of elec-
tromagnetic waves, and a particular antenna system is
designed to work with a particular type of waves. Radio
frequency (RF) and microwave antennas represent a
class of electronic antennas designed to operate on wire-
less electromagnetic signals in particular ranges, the
megahertz to gigahertz frequency ranges. Convention-
ally these frequency ranges are used by most broadcast
radio, television, and other wireless communication (cell
phones, Wi-Fi, etc.) systems with higher frequencies of-
ten employing specialized antennas, called parabolic an-
tennas. (Although certain wavelengths of electromagnet-
ic radiation are referred to as "radio waves" they carry,
in addition to signals for AM or FM radio, signals for cell
phones, televisions, etc.). The suitability of a particular
antenna system for a given purpose is determined by the
antenna’s frequency, gain, and beam width. In some cas-
es, an antenna may transmit and/or receive signals such
as microwave, radio or satellite signals from a second
antenna. Although any given antenna is generally capa-
ble of both delivering and receiving a particular type of
electromagnetic signals, in some cases, an antenna sys-
tem may be configured so that an antenna is only respon-
sible for delivering or receiving electromagnetic signals,
but does not do both.

[0005] Anantenna system may use a reflector to direct
electromagnetic radiation from the air or space to an an-
tenna. One familiar type of reflector is a parabolic reflec-
tor. A parabolic antenna is an antenna that uses a para-
bolic reflector which is a curved surface with the cross-
sectional shape of a parabola, to direct electromagnetic
signals (e.g., radio waves) in a particular direction so they
are better able to be picked up by the antenna. A parabola
is a symmetric curve and a parabolic reflector is a surface
that describes a curve throughout a 360° rotation, a
shape referred to as paraboloid. Conventionally, a par-
abolic antenna has a portion shaped like a dish and so
is often referred to as a "dish antenna" or simply "a dish".
A parabolic reflector is very effective at directing waves
into a narrow beam. In particular, and as indicated above,
a parabolic reflector is very effective at reflecting waves
into collimated plane wave beam along the axis of the
reflector. Parabolic antennas systems are generally used
for long distance communication between buildings or
over large geographic areas.

[0006] Parabolic antennas provide for high directivity
of the radio signal because they have very high gain in
a single direction. In other words, the signal can be sent
in a desired direction, such as radiating outwards towards
other antennas rather than being sent upward into space
where there are no antennas. Beam width is a measure-
ment of the area over which the antenna receives signal
and is importantin determining how well an antenna func-
tions. To achieve narrow beam-widths, a parabolic re-
flector must typically be much larger than the wavelength
of the radio waves used, so parabolic antennas are typ-
ically used in the high frequency part of the radio spec-



3 EP 3 207 592 B1 4

trum, at ultra-high (UHF) and super high (SHF; e.g., mi-
crowave) frequencies, where the wavelengths are small
enough to allow formanageable antenna sizes. Parabolic
antennas may be used in point-to-point communications,
such as microwave relay links, WAN/LAN links and
spacecraft communication antennas.

[0007] The operating principle of a parabolic antenna
is that a point source of radio waves at the focal point in
front of a parabolic reflector of conductive material will
be reflected into a collimated plane wave beam along the
axis of the reflector. Conversely, an incoming plane wave
parallel to the axis will be focused to a point at the focal
point.

[0008] Conventional radio devices, including radio de-
vices having parabolic reflectors, suffer from a variety of
limitations and problems. For example although a wire-
less signal of interest has to be received by an antenna
to be useful, an antenna does not just receive a specific
signal of interest, but it receives any signal that comes
its way (provided that the signal meets certain criteria
regarding wavelength, etc.). Other difficulties and limita-
tions include aligning with an appropriate receiver, mon-
itoring and switching between transmitting and receiving
functions, avoiding interference (including reflections
and spillover from adjacent radios/antennas), loss of sig-
nal, mechanical damage, expense, and complying with
regulatory requirements without negatively impacting
function. Described herein are devices, methods and
systems that may improve wireless communication de-
vices and address issues such as those identified above.
In particular, described herein are apparatuses that may
provide isolation of an emitted beam by selectively atten-
uating portion of the emitted signal.

[0009] EP 2416 449 A1 discloses an antenna having
a skirt mounted on a parabolic reflector cooperating with
an emission unit i.e. waveguide, that emits incident radi-
ation i.e. incident radio-frequency signal, towards the re-
flector. A distribution current reduction unit is arranged
on a front or lateral outer surface of a peripheral edge of
the antenna, and reduces distribution current appearing
on the edge of the antenna. The reduction unit comprises
quarter-wave traps that are in the form of conductive sur-
face throats, where the throats are made from metal or
moralized plastic.

[0010] US2013/002515 A1 discloses a band clamp for
coupling a radome to a distal end of a reflector dish for
improving the front to back ratio of a reflector antenna,
is provided with an inward projecting proximal lip and an
inward projecting distal lip. The distal lip is dimensioned
with an inner diameter equal to or less than a reflector
aperture of the reflector dish. The proximal lip may be
provided with an inward bias dimensioned to engage the
reflector dish in an interference fit and/or turnback region
dimensioned to engage an outer surface of a signal area
of the reflector dish in an interference fit. A variety of
different configurations of protruding portions extending
from the band clamp may be applied to further improve
electrical performance.
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[0011] JP S54 95157 A discloses an effective area an-
tenna which is constituted by primary radiator and reflec-
tion mirror, one or more diffracted wave shielding plates
6 provided in the position which can be seen from the
primary radiator 5, around the aperture of the reflection
mirror or electromagnetic wave shielding plate provided
around the aperture. The propagation of a diffracted
wave, which is obtained by an diffracting incident wave
by edge of the reflection mirror to the back direction and
the side direction is reduced by shielding plates. The
shielding plates are so arranged that the line connecting
edge of the reflection mirror and the phase center of the
primary radiator may be convex to the advancing direc-
tion of the electromagnetic wave reflected from the re-
flection mirror and a metallic plate or mesh-shaped or
linear metal is used as materials of the plates.

[0012] US-A1-2014/0218255 discloses an antenna
device with an isolation choke boundary extending be-
tween a pair of parabolic reflectors. The isolation choke
boundary may have ridges extending between the reflec-
tors to a height that may be tuned to the band.

SUMMARY OF THE DISCLOSURE

[0013] The presentinvention relates to devices, meth-
ods and systems that may improve wireless communi-
cation devices.

[0014] According to the present invention, there are
provided antenna apparatuses as defined in the append-
ed claims. In general, such apparatuses include a shroud
body, which has a cylindrical shape that couples with and
extends the distal opening of an antenna reflector (e.g.,
parabolic reflector), and a choke boundary region that
extends from the shroud body. The choke boundary layer
generally includes a plurality of ridges that are concen-
trically spaced from each other, and runs parallel to the
sidewall of the shroud. The choke boundary is positioned
on anouter edge/rim of the shroud (e.g., near the opening
of the shroud that extends away from its attachment to
the parabolic reflector of the antenna), though it may be
recessed relative to the distal end. The choke boundary
layer may encircle the distal opening of the shroud, or it
may only partially encircle the shroud.

[0015] A choke shroud apparatus according to the
present invention includes: a cylindrical side wall encir-
cling a central axis extending distally to proximally, the
side wall forming a distal end opening and a proximal
end opening, wherein the distal and proximal ends are
configured to allow radio frequency (RF) electromagnetic
radiation to pass through while the side wall is configured
to attenuate, reflect or attenuate and reflect RF electro-
magnetic radiation, the proximal end adapted to be
mounted at a forward open end of an antenna reflector
for modifying electromagnetic radiation to and from the
antenna reflector; and a choke boundary region mounted
to a perimeter of side wall and extending away from the
central axis, the choke boundary region comprising a plu-
rality of ridges and channels extending parallel to the side
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wall and configured to attenuate RF electromagnetic ra-
diation to or from the antenna reflector when the appa-
ratus is mounted on the antenna reflector.

[0016] Any of these apparatuses further comprises a
radome covering the distal end opening. For example,
the apparatus comprises a radome covering the distal
end opening and at least a portion of the choke boundary
region.

[0017] The choke boundary extends from the side wall
at the distal end opening. In some variations the choke
boundary region overlies the side wall (e.g., extends into
the distal opening formed by the side wall of the shroud
portion). In some variations the choke boundary region
does not impinge on the distal end opening.

[0018] As mentioned the choke boundary region may
completely or only partially encircle the distal end open-
ing. For example, the choke boundary region may encir-
cle less than 180 degrees of the distal end opening.
[0019] The choke boundary region may be any appro-
priate height relative to the distal end opening of the side-
wall of the shroud portion. For example, a distal end of
the choke boundary region may extend distally beyond
a distal edge of the side wall. The distal end of the choke
boundary region is adjacent to a distal edge of the side
wall. The distal end of the choke boundary region is re-
cessed proximally relative to a distal edge of the side wall.
[0020] A proximal end of the side wall is configured to
attach to a rim of the antenna reflector at the forward
open end of the reflector. The channels of the choke
boundary region extend proximally to a plurality of differ-
ent depths. The ridges of the choke boundary region ex-
tend distally to a plurality of different heights. The chan-
nels between adjacent ridges are between 18.8 mm and
9.4 mm deep.

[0021] In general, the choke boundary region provides
isolation. The choke boundary region is configured to pro-
vide greater than 10 dB isolation relative to an antenna
without the choke boundary region. The choke boundary
region is configured to suppress propagation of radio
waves having a frequency between 9 GHz and 41 GHz.
[0022] In general, any of the apparatuses described
herein may include a fastener configured to fasten the
apparatus to the antenna reflector.

[0023] Also described herein are antenna reflectors
that include an integrated shroud. These integrated
shrouds may include choke boundary regions. In some
variations, the integrated reflector and shroud may be
specifically configured for use with an integrated radio
and antenna feed (e.g., as described in U.S. patent no.
8493279 B2). For example, the integrated shroud and
reflector may have an outwadly-facing mouth forming a
plane that is not perpendicular to the elongate axis of the
feed (e.g., the integrated radio and antenna feed). Fur-
thermore, the antenna reflector may include a receiver
or holder for holding the integrated radio and antenna
feed and attaching it in position behind the parabolic re-
flector (closed end) of the integrated shroud. This receiv-
er/holder may be coated with a layer of material (e.g.,
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metal) such as chromium, that reflects or otherwise pre-
vents the spread of RF energy out of the receiver/holder.
The receiver/holder may also be adapted to lock between
or into a bracket mount for securing the apparatus to a
surface, pole, or mount.

[0024] In any of the shroud or integrated parabolic re-
flectors and shrouds described herein, the apparatus
may include a radome (e.g., cover). In particular, the
mouth of the shroud or integrated parabolic reflector and
shroud may be adapted for removably securing the ra-
dome over the apparatus. For example, the mouth of a
shroud and/or integrated reflector and shroud may in-
clude flattened side regions and one or more flange edg-
es or channels to mate with the radome in a particular
orientation so that the radome slides onto and over the
mouth. Alternatively, in some variations the mouth is
adapted to allow the radome to screw on.

[0025] Any of the integrated reflectors and shrouds de-
scribed herein may include a mount, which may be a
drop-in mount that can be first attached to a surface, and
then the antenna apparatus can be dropped into the
mount and the angle relative to the horizon adjusted and
locked into position.

[0026] Also described herein are RF antenna devices
including reflectors with integrated shrouds. These inte-
grated parabolic reflectors with shrouds may include a
choke boundary or may not include a choke boundary.
[0027] These apparatuses, which may be systems or
devices, may in particular be adapted for use with an
integrated radio transceiver and feed, such as those de-
scribed, for example, in US 8493279 B2, US 10297922
B2 and US 10312599 B2. Alternatively, in some varia-
tions, the apparatus may be configured for use with a
traditional antenna feed connecting to RF transceiver cir-
cuitry via a cable or line. An integrated radio frequency
(RF) transceiver and feed typically includes a unitary
housing enclosing (e.g., a self-contained) RF transceiv-
er, and feed, which may be inserted into the RF antenna
reflectors described herein, so that the feed portion of
the antenna assembly is includes the RF transceiver cir-
cuitry, rather than just a traditional antenna feed. As will
be described in greater detail below, an integrated RF
transceiver and feed may have a housing enclosing one
or more sub-reflectors, transceiver circuitry directly con-
nected to one or more feed pins, and in some variations
one or more director pins (passive radiators or parasitic
elements); these elements may all be arranged on one
or more sides of a substrate (e.g., printed circuit board),
and may be arranged in a line).

[0028] Thus, a parabolic antenna reflector apparatus
may include an integrated RF radio transceiver and feed,
or it may be configured for use with an integrated radio
transceiver and feed. For example, a parabolic antenna
reflector apparatus, the apparatus including: a parabolic
reflector section having a central axis of symmetry and
a circular opening perpendicular to the central axis of
symmetry; a shroud portion extending distally from the
circular opening, the shroud portion having a distal open-
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ing (which may in any of the variation described herein
optionally form a plane, e.g., at an angle of between 0.5
degrees and 15 degreesrelative to a plane perpendicular
to the central axis of symmetry); a radome covering the
distal opening; a central opening through the parabolic
reflector section having a diameter configured to receive
an integrated radio transceiver and feed (e.g., of greater
than 3 cm); and a holder mounted on a proximal side of
the central opening so the central opening is continuous
with an inner chamber within the holder. The inner cham-
ber may comprise a coating of a radio-frequency (RF)
shielding (e.g., reflecting and/or absorbing) material, fur-
ther wherein the inner chamber is configured to secure
an integrated radio transceiver and feed so that the inte-
grated radio transceiver and feed is aligned with the cen-
tral axis of symmetry.

[0029] As mentioned, the apparatus may generally al-
soinclude an integrated radio transceiver and feed (e.g.,
integrated RF transceiver and feed), which may include
an elongate housing enclosing a substrate, transceiver
circuitry on the substrate, an antenna radiator extending
from the substrate. The antenna radiator may include an
antenna feed pin extending from the substrate and in
some variations a director pin extending from the sub-
strate. Also in some variations the antenna radiator may
also include a sub-reflector; in some variations the sub-
reflector may be considered separate from the antenna
radiator connected to the substrate. The integrated radio
transceiver and feed is typically held within the holder of
the apparatus so thatthe sub-reflector is positioned along
the central axis of symmetry.

[0030] The apparatus may also include a rim around
the distal opening (of the shroud) having an outer edge
comprising two parallel straight regions on opposite sides
of the distal opening; wherein the radome is configure to
cover the distal opening by sliding over the distal opening
and engaging the two parallel straight regions. The ra-
dome may have channels, clips or surfaces to mate with
the rim, and particularly to mate with these straight, par-
allel and opposite sides. This variation of the apparatus
has a distinct "top" onto which the radome slides down
onto first, to engage the parallel sides. The top may be
marked, e.g., by an alphanumeric character, symbol, or
the like. For example, a notch or arrow may be formed
at the top of the apparatus (e.g., on the rim), indicating
the location to first apply the radome on so that it may be
slid into position (matching the top of the apparatus to
the bottom of the radome).

[0031] Insome variations, the apparatus includesarim
around the distal opening, wherein the rim comprises a
scalloped outer edge. In this variation, the radome may
include channels, clips or surfaces that mate with the
scalloped edges so that the radome may be rotated to
engage.

[0032] As mentioned above, any of these apparatuses
may include a choke boundary region around the distal
opening. For example, the choke boundary region may
include a plurality of parallel ridges and channels extend-
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ing at least partially around the distal opening and con-
figured to attenuate RF electromagnetic radiation to or
from the antenna reflector. Where a rim is present for
mating with the radome, the choke boundary may be ra-
dially within the rim (e.g., so that the choke boundary is
beneath the radome), or it may be radially outside of the
rim (e.g., so that the choke boundary is outside of the
radome), or the choke boundary may form part of the rim
that is engaged by the radome.

[0033] Ingeneral,the surface of the distal opening (and
when the radome is flat, the plane formed by the radome)
across the shroud portion of the apparatus is at an angle
relative to the axis of symmetry of the parabolic reflector
portion of the apparatus. For example, the plane formed
by the distal opening of the shroud portion may be at an
angle of between 0.5 degrees and 15 degrees, e.g., be-
tween 1 degree and 10 degrees (e.g., between a lower
value of 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5 degrees and
an upper value of 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15,
16,17, 18, 19, 20, 21, 22, 23, 24, 25, 30 degrees, where
the lower value is always less than the upper value). For
example, the angle of the plane formed by setting one
edge of the rim of the distal opening about 2 of an offset
wavelength above the plane perpendicular to the axis of
symmetry relative to an opposite side of the rim, where
the offset wavelength is a mean, median, or center wave-
length of the operational range of the apparatus. In gen-
eral, the distal opening of the shroud portion is between
about 200 mm and 700 mm (e.g., 300 mm, 400 mm, 500
mm, etc.).

[0034] Any of these apparatuses may also include a
mounting bracket (which may be referred to as a first
mounting bracket) having a mounting bracket opening,
wherein the mounting bracket is attached to the proximal
side of the central opening between the parabolic reflec-
tor section and the holder so that a proximal end of an
integrated radio transceiver and feed may pass through
the central opening and bracket opening and into the
holder. The mounting bracket may be configured to con-
nect with a second mounting bracket that may be affixed
toapost, pole, wall, or other surface or stand. The mount-
ing bracket (either the first or second mounting bracket)
may include an indicator such as a level or tilt indicator
for showing the orientation (e.g., angle) of the antenna
apparatus relative to level (ground) or between the first
mounting bracket and the second mounting bracket.
[0035] Ingeneral, the shroud portion may comprise an
annular wall extending between the circular opening of
the parabolic reflector section and the distal opening. The
diameter of the annular wall at a top portion of the appa-
ratus may be between 1.1 times and 3 times the diameter
of the annular wall at a bottom portion of the apparatus.
The changein annualwall diameters as you move around
the shroud portion determines the angle of the plane of
the distal opening described above. Thus, the maximum
wall diameter at one region around the circumference of
the shroud may be approximately 2 of an offset wave-
length larger than the wall diameter at the opposite side
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of the distal opening (the minimum wall diameter).
[0036] In general, the holder that is mounted to the
back (proximal side) of the reflector (parabolic reflector
portion) is configured to securely hold the integrated RF
(radio) transceiver and feed so that it passes through the
central opening in the parabolic reflector portion and ex-
tends in the axis of symmetry within the parabolic reflector
and shroud. The holder typically includes an internal cav-
ity or housing that prevents passage of RF energy
through the holder, which may be particularly helpful
when using an integrated radio transceiver and feed. For
example, the holder may be shielded to prevent a sub-
stantial amount of RF energy (e.g., within the operating
range of the apparatus) from passing. For example, the
RF shielding material may comprise a copper and nickel
plating.

[0037] For example, described herein are parabolic
antenna reflector apparatuses comprising: a parabolic
reflector section having a central axis of symmetry and
a circular opening perpendicular to the central axis of
symmetry; a shroud portion extending distally from the
circular opening, the shroud portion having a distal open-
ing forming a plane at an angle of between 0.5 degrees
and 15 degrees relative to a plane perpendicular to the
central axis of symmetry; a radome covering the distal
opening; a central opening through the parabolic reflector
section; a holder mounted on a proximal side of the cen-
tral opening so the central opening is continuous with an
inner chamber within the holder, wherein the inner cham-
ber comprises a coating of a radio-frequency (RF) shield-
ing material; and an integrated radio transceiver and feed
comprising an elongate housing enclosing a substrate,
transceiver circuitry on the substrate, an antenna feed
pin extending from the substrate, and a director pin ex-
tending from the substrate, and a sub-reflector, wherein
the integrated radio transceiver and feed is held within
the holder so that the sub-reflector extends from the hold-
er, through the central opening and into the parabolic
reflector section along the central axis of symmetry.
[0038] A parabolic antenna reflector apparatus may in-
clude: a parabolic reflector section having a central axis
of symmetry and a circular opening perpendicular to the
central axis of symmetry; a shroud portion extending dis-
tally from the circular opening, the shroud portion having
a distal opening forming a plane at an angle of between
0.5 degrees and 15 degrees relative to a plane perpen-
dicular to the central axis of symmetry, wherein the par-
abolic reflector section and shroud section are continu-
ous regions of a single piece of material; a rim around
the distal opening having an outer edge comprising two
parallel straight regions on opposite sides of the distal
opening; a radome covering the distal opening, wherein
the radome is configure to slide over the distal opening
and engage the two parallel straight regions; a central
opening through the parabolic reflector section having a
diameter of greater than 3 cm; and a holder mounted on
aproximal side of the central opening so the central open-
ing is continuous with an inner chamber within the holder,
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wherein the inner chamber comprises a coating of a ra-
dio-frequency (RF) shielding material, wherein the inner
chamber is configured to secure an integrated radio
transceiver and feed so that the integrated radio trans-
ceiver and feed is aligned with the central axis of sym-
metry.

[0039] As described herein, a parabolic antenna re-
flector apparatus may include: a parabolic reflector sec-
tion having a central axis of symmetry and a circular
opening perpendicular to the central axis of symmetry; a
shroud portion extending distally from the circular open-
ing, the shroud portion having a distal opening forming
a plane at an angle of between 0.5 degrees and 15 de-
grees; a radome covering the distal opening; a central
opening through the parabolic reflector section having a
diameter of greater than 3 cm.

[0040] In some variations, the parabolic antenna re-
flector apparatus includes: a parabolic reflector section
having a central axis of symmetry and a circular opening
perpendicular to the central axis of symmetry; a shroud
portion extending distally from the circular opening, the
shroud portion having a distal opening forming a plane
at an angle of between 0.5 degrees and 15 degrees rel-
ative to a plane perpendicular to the central axis of sym-
metry; a radome covering the distal opening; a central
opening through the parabolic reflector section; and a
holder mounted on a proximal side of the central opening
that opens into an inner chamber within the holder,
wherein the inner chamber comprises a coating of a ra-
dio-frequency (RF) shielding material, further wherein
the inner chamber is configured to secure an integrated
radio transceiver and feed so that the integrated radio
transceiver and feed is aligned with the central axis of
symmetry.

[0041] A parabolic antenna reflector apparatus may in-
clude: a parabolic reflector section having a central axis
of symmetry and a circular opening perpendicular to the
central axis of symmetry; a shroud portion extending dis-
tally from the circular opening, the shroud portion having
a distal opening forming a plane at an angle of between
0.5 degrees and 15 degrees relative to a plane perpen-
dicularto the central axis of symmetry; aradome covering
the distal opening; a central opening through the para-
bolic reflector section; a holder mounted on a proximal
side of the central opening so the central opening is con-
tinuous with an inner chamber within the holder, wherein
the inner chamber comprises a coating of a radio-fre-
quency (RF) shielding material; and an integrated radio
transceiver and feed comprising an elongate housing en-
closing a substrate, transceiver circuitry on the substrate,
an antenna feed pin extending from the substrate, and a
director pin extending from the substrate, and a sub-re-
flector, wherein the integrated radio transceiver and feed
is held within the holder so that the sub-reflector extends
from the holder, through the central opening and into the
parabolic reflector section along the central axis of sym-
metry.

[0042] In some variations, a parabolic antenna reflec-
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tor apparatus includes: a parabolic reflector section hav-
ing a central axis of symmetry and a circular opening
perpendicular to the central axis of symmetry; a shroud
portion extending distally from the circular opening, the
shroud portion having a distal opening forming a plane
at an angle of between 0.5 degrees and 15 degrees rel-
ative to a plane perpendicular to the central axis of sym-
metry, wherein the parabolic reflector section and shroud
section are continuous regions of a single piece of ma-
terial; a rim around the distal opening having an outer
edge comprising two parallel straight regions on opposite
sides of the distal opening; a radome covering the distal
opening, wherein the radome is configure to slide over
the distal opening and engage the two parallel straight
regions; a central opening through the parabolic reflector
section having a diameter of greater than 3 cm; a holder
mounted on a proximal side of the central opening so the
central opening is a holder mounted on a proximal side
of the central opening so the central opening is continu-
ous with an inner chamber within the holder, wherein the
inner chamber comprises a coating of a radio-frequency
(RF) shielding material; and an integrated radio trans-
ceiver and feed comprising an elongate housing enclos-
ing a substrate, transceiver circuitry on the substrate, an
antenna feed pin extending from the substrate, and a
director pin extending from the substrate, and a sub-re-
flector, wherein the integrated radio transceiver and feed
is held within the holder so that the sub-reflector extends
from the holder, through the central opening and into the
parabolic reflector section along the central axis of sym-
metry.

[0043] Also described herein are methods of using or
operating any of the apparatuses described herein, in-
cluding methods of assembling such apparatuses. For
example, described herein are methods of operating an
apparatuses to transmit and receive RF signals by trans-
mitting from an integrated radio transceiver and feed, for
example, by generating a signal from the transceiver
within the parabolic reflector section of the apparatus,
transmitting from one or more feed pins on the same
substrate as the transceiver, passively radiating from the
one or more director pins on the same substrate as the
transceiver and reflecting the signal off of the sub-reflec-
tor into the parabolic reflector section of the apparatus,
and then reflecting the signal off of the sides of the shroud
region and out of the distal opening, through the radome
that is at an angle relative to the axis of symmetry, where
the integrated radio transceiver and feed is aligned along
the axis of symmetry.

[0044] A method of operating a parabolic antenna re-
flector apparatus having an integrated radio transceiver
and feed may include: emitting a first radio frequency
(RF) energy from a transceiver positioned inside of a feed
on a substrate, wherein the first RF energy is emitted by
an antenna feed pin extending from the substrate, and
passively absorbed and re-radiated by a director pin ex-
tending from the substrate; reflecting the first RF energy
from a sub-reflector within a housing that also encloses
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the substrate, wherein the housing extends from an
opening through a parabolic reflector section of the par-
abolic reflector apparatus, the parabolic reflector section
having a central axis of symmetry and a circular opening
perpendicular to the central axis of symmetry; absorbing
or reflecting a third RF energy from a holder mounted on
aproximal side of the parabolic reflector opening, where-
in the third RF energy is emitted from a portion of the
housing extending proximally behind the parabolic re-
flector portion; passing the first RF energy out of a shroud
portion extending distally from the circular opening; re-
ceiving a second RF energy into the shroud portion while
rejecting RF noise from outside of the shroud portion;
and receiving the second RF energy in the transceiver.
[0045] Any of these methods may further include ab-
sorbing or reflecting a third RF energy from a holder
mounted on a proximal side of the parabolic reflector
opening, wherein the third RF energy is emitted from a
portion of the housing extending proximally behind the
parabolic reflector portion.

[0046] Receiving a second RF energy into the shroud
portion may include rejecting RF noise from a choke
boundary region located around a distal opening of the
shroud.

[0047] Asdescribed above, any of these methods may
be used with a shroud having a distal opening that forms
an angle relative to a plane perpendicular to the central
axis of symmetry. The angled distal opening may face
down (e.g., when the apparatus is oriented towards a
horizon), so that, e.g., passing the first RF energy out of
a shroud portion comprises passing the first RF energy
out of the shroud portion, wherein the shroud portion has
a first wall length that is longer at an upper portion of the
shroud portion than a second wall length at a lower por-
tion of the shroud portion.

[0048] As mentioned, also described herein are meth-
ods of installing a parabolic antenna reflector apparatus.
Ingeneral, the parabolic antennareflectorapparatus may
comprise a parabolic reflector section having a central
axis of symmetry and a circular opening perpendicular
to the central axis of symmetry, and a shroud portion
extending distally from the circular opening. A method of
installing the parabolic antenna reflector apparatus may
include: mounting the parabolic antenna reflector appa-
ratus to a post, pole, tower or wall so that a longer side
of the shroud portion is at the top of the parabolic antenna
reflector apparatus and a shorter side of the shroud por-
tion is at the bottom of the parabolic antenna reflector
apparatus, nearer to a ground surface; and sliding a ra-
dome from a top of the distal opening of the shroud portion
of the parabolic antenna reflector apparatus so that a
channel of the radome engages with two parallel straight
regions on opposite sides of a rim around the distal open-
ing to cover the distal opening.

[0049] In general, these apparatuses may be installed
so that the long side of the shroud portion is up (towards
the sky) and the short side is down (towards the bottom).
Although this is somewhat counterintuitive, as the ma-
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jority of noise and potential interference would arise from
the ground (e.g., reflections, interference sources) rather
than up, this orientation is effective.

[0050] Sliding may include sliding the radome so that
the radome forms a plane at an angle of between 0.5
degrees and 20 degreesrelative to a plane perpendicular
to the central axis of symmetry. Mounting comprises at-
taching a first mount piece to a convex back side of the
parabolic antenna reflector apparatus and attaching a
holder to the convex back side of the parabolic antenna
reflector apparatus so that the first mount piece is be-
tween the holder and the convex back side of the para-
bolic antenna reflector apparatus.

[0051] Any of these method of installing these appa-
ratuses may include attaching an integrated radio trans-
ceiver and feed, e.g., attaching an integrated radio trans-
ceiver and feed into a central opening through a parabolic
reflector section of the parabolic antenna reflector appa-
ratus and into a holder on the back side of the parabolic
antenna reflector apparatus, so that the integrated radio
transceiver and feed extends within the parabolic anten-
na reflector apparatus along the central axis of symmetry
of the parabolic reflector section. The integrated radio
transceiver and feed may include an elongate housing
enclosing a substrate, transceiver circuitry on the sub-
strate, an antenna feed pin extending from the substrate,
and a director pin extending from the substrate, and a
sub-reflector.

[0052] Mounting may include attaching a first mount
piece to a convex back side of the parabolic antenna
reflector apparatus and attaching a second mount piece
to the first mount piece to form a mount, wherein the
second mount is attached or attachable to the post, pole,
tower or wall.

[0053] For example, a method of installing a parabolic
antennareflector apparatus may include: attaching a first
mount piece to a convex back side of the parabolic an-
tenna reflector apparatus; attaching a holder to the con-
vex back side of the parabolic antenna reflector appara-
tus so that the first mount piece is between the holder
and the convex back side of the parabolic antenna re-
flector apparatus; attaching a second mount piece to the
first mount piece to form a mount, wherein the second
mount is attached or attachable to a post, pole, tower or
wall; attaching an integrated radio transceiver and feed
into a central opening through a parabolic reflector sec-
tion of the parabolic antenna reflector apparatus and into
the holder on the back side of the parabolic antenna re-
flector apparatus, so that the integrated radio transceiver
and feed extends within the parabolic antenna reflector
apparatus along a central axis of symmetry of the para-
bolic reflector section; sliding a radome from a top of a
distal opening of a shroud portion of the parabolic anten-
na reflector apparatus so that a channel of the radome
engages with two parallel straight regions on opposite
sides of a rim around the distal opening to cover the distal
opening, wherein the parabolic antenna reflector appa-
ratus is oriented so thatalonger side of the shroud portion
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is at the top of the parabolic antenna reflector apparatus
and a shorter side of the shroud portion is at the bottom
of the parabolic antenna reflector apparatus, nearer to a
ground surface.

BRIEF DESCRIPTION OF THE DRAWINGS
[0054]

FIG. 1A shows a side-view of an antenna having a
parabolic reflector; FIG. 1B shows the parabolic re-
flector of FIG. 1A with a choke shroud attached there-
to.

FIGS. 1C and ID illustrate the application of one ex-
ample of a signal isolation shroud (choke shroud) to
an antenna.

FIG. 1E and 1F illustrate the application of another
example of a signal isolation unit (having a minimal
or no shroud component) to an antenna, as de-
scribed herein.

FIG. 2Ais a top view (showing the distal face) of one
variation of a choke shroud that can be mounted on
an antenna reflector. FIGS. 2B-2D illustrate section-
al side views of variations of a choke shroud having
a choke boundary region that fully encircles the
shroud portion of the choke shroud. A radome is not
shown (but may be included)

FIG. 3A is a top view (showing the distal face) of
another variation of a choke shroud that can be
mounted on an antenna reflector. FIGS. 3B-3D illus-
trate sectional side views of variations of the choke
shroud of FIG.3A having a choke boundary region
that only partially encircles the shroud portion of the
choke shroud. A radome is not shown (but may be
included)

FIGS. 4A, 4B and 4C illustrate top, side sectional,
and side perspective views, respectively, of one var-
iation of a choke shroud including a radome covering
the distal end, including the choke boundary region.
FIGS. 5A-5C show side, tope perspective and end
views, respectively, of a portion of a choke boundary
region that may be mounted to a shroud portion.
FIGS. 5D is a front perspective view of the choke
boundary portion shown in FIGS. 5A-5C, and FIG.
5E is a partial section through the view of FIG. 5D.
FIG. 6 is a partial section through an alternative var-
iation of a choke boundary region of a choke shroud,
having ridges of different heights and channels of
different depths.

FIG. 7 schematically illustrates the operation of a
choke shroud within a radio device having a trans-
mission antenna and a receiving antenna.

FIG. 8A is a section illustrating the application of an-
other example of a choke shroud (and optional ra-
dome) to an antenna. FIG. 8B is an illustration of
another example of a choke shroud (also referred to
as a choke or isolation unit), having minimal or no
shroud component, to an antenna.
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FIG. 9A is an example of another form factor for an
antenna, illustrating a sector antenna, which may be
used with a choke shroud (or just choke) apparatus
as described herein.

FIGS. 9B and 9C illustrate variations of choke
shrouds that may be used with the sector antenna
of FIG. 9A.

FIG. 10A illustrates an example of a choke shroud
having two portions that may be joined together to
form a complete choke shroud as shown in FIG. 10A
(or the pieces may be used individually as partial
chokes/choke shrouds).

FIG. 10B is an another example of a choke shroud
that is a single piece that may be fit onto an antenna
having two ends that may be joined together when
securing the choke shroud over the antenna.

FIG. 11A schematically illustrates the use of choke
shrouds on a tower (e.g., cellular tower) where a
number of antennas may be positioned near each
other and it would be beneficial to enhance isolation
between the antennas. In this example the antennas
may include a complete or partial choke or choke
shroud. For illustration purposes, none of these an-
tennas is shown with a radome covering, though
such covers may be included.

FIG. 11B shows another example of an antenna ap-
paratus including a choke shrouds on a tower, while
FIG. 11C is an enlarged view of the choke region of
the choke shroud, showing the ridges and channels
forming the choke boundary or baffle region.

FIGS. 12A-12C show various front perspective
views of an example of a choke shroud that may be
coupled to an apparatus such as a parabolic reflector
of and antenna.

FIG. 13A illustrates another variation of a choke
shroud as described herein. In this example, the
shroud (choke shroud) may be secured by a tight-
ening nut (or other constricting and/or retaining
mechanism) to the open mouth of an antenna reflec-
tor.

FIGS. 13B-13C show front and back views, respec-
tively, of the choke shroud (including a cone-shaped
radome covering the front surface) of FIG. 13A.
FIGS. 13D and 13E shows side views (e.g., right
side and bottom views, respectively).

FIG. 13F shows a section through the shroud of
FIGS. 13A-13E, while FIG. 13G shows a close-up
of one portion of the shroud (including radome). In
this example, the shroud of FIGS. 13A-13G includes
a choke boundary, as is visible in FIG. 13G.

FIG. 14A shows a power profile for signals emanat-
ing from a parabolic reflector without a shroud, and
FIG. 14B shows a power profile for signals from the
same parabolic reflector with a shroud such as the
one illustrated in FIGS. 13A-13G, showing an im-
provement in the energy (signal) directed in the z
direction out of the apparatus.

FIGS. 15A-15F illustrate one method of attachment
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of a choke shroud as described herein onto a para-
bolic antenna dish.

FIG. 16A illustrates one variation of an integrated
antenna reflector and shroud apparatus (which may
be referred to herein as a parabolic barrel reflector),
covered with a radome. FIG. 16B shows the appa-
ratus of FIG. 16A with the radome removed, showing
the integrated radio/feed mounted within the reflec-
tor. This example has a 300 mm mouth opening di-
ameter.

FIGS. 16C-16E illustrate bottom, top and side views,
respectively of the integrated parabolic antenna re-
flector and shroud apparatus shown in FIGS. 16A-
16B, including a mount and attached integrated ra-
dio/feed.

FIG. 17 shows the mount portion of the apparatus
of FIGS. 16A-16E, which may be used to mount the
apparatus to a surface, post, tower, or the like.
FIG. 18is an exploded view of the apparatus of FIGS.
16A-16E, showing the component parts, including
the parabolic barrel reflector, two mount portions, an
integrated radio/feed, and a holder for the integrated
radio/feed.

FIG. 19A shows the parabolic barrel reflector of FIG.
18.

FIG. 19B and 19C show the bracket mount of FIG.
18.

FIG. 19D shows an example of an integrated ra-
dio/feed, as described herein, and FIGS. 19E shows
the integrated radio/feed of FIG. 19D with the cover
removed (exposing the circuitry and feed body.
FIG. 19F shows the holder for an integrated ra-
dio/feed such as the one shown in FIG. 19D, keyed
to maintain the orientation of the radio/feed in the
parabolic barrel reflector.

FIG. 19G shows an alternative variation of the par-
abolic barrel reflector of FIG. 18 and 19A, including
an outer choke boundary region around the outer
edge of the shroud. FIG. 19H is an enlarged view of
the choke boundary region of the integrated shroud.
FIG. 20A shows an example of a parabolic barrel
reflector for an antenna apparatus, similar to that
shown in FIGS. 16A-19A. FIG. 20B is an example
of a radome (cover) that may be attached over the
mouth of the parabolic barrel reflector. FIG. 20C il-
lustrate attachment of the radome of FIG. 20B to the
mouth of the parabolic barrel reflector of FIG. 20A.
FIG. 21A illustrates a variation of an integrated an-
tenna reflector and shroud apparatus (which may be
referred to herein as a parabolic barrel reflector),
covered with a radome. FIG. 21B shows the appa-
ratus of FIG. 21A with the radome removed, showing
the integrated radio/feed mounted within the reflec-
tor. This example has a 400 mm mouth opening di-
ameter.

FIGS. 21C-21E illustrate bottom, top and side views,
respectively of the integrated parabolic antenna re-
flector and shroud apparatus shown in FIGS. 21A-
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21B, including a mount and attached integrated ra-
dio/feed.

FIG. 22 shows a mount portion of the apparatus of
FIGS. 16A-16E, which may be used to mount the
apparatus to a surface, post, tower, or the like.
FIG. 23A illustrates a variation of an integrated an-
tenna reflector and shroud apparatus (which may be
referred to herein as a parabolic barrel reflector),
covered with a radome. FIG. 23B shows the appa-
ratus of FIG. 23A with the radome removed, showing
the integrated radio/feed mounted within the reflec-
tor. This example has a 500 mm mouth opening di-
ameter.

FIGS. 23C-23E illustrate bottom, top and side views,
respectively of the integrated parabolic antenna re-
flector and shroud apparatus shown in FIGS. 23A-
23B, including a mount and attached integrated ra-
dio/feed. The angle (o) shown in FIG. 23E illustrates
the angle between the plane formed by the mouth
(opening) of the parabolic barrel reflector and the
long axis of the integrated radio/feed held within the
parabolic barrel reflector. In general, this angle may
be between 89.5 degrees and 60 degrees, e.g., be-
tween 60 degrees and 85 degrees, etc.).

FIG. 24 shows a mount portion of the apparatus of
FIGS. 16A-16E, which may be used to mount the
apparatus to a surface, post, tower, or the like.
FIG. 25is an exploded view of the apparatus of FIGS.
23A-23E, showing the component parts, including
the parabolic barrel reflector, two mount portions, an
integrated radio/feed, and a holder for the integrated
radio/feed.

FIG. 26A shows the parabolic barrel reflector of FIG.
25.

FIG. 26B and 26C show the bracket mount of FIG.
25.

FIG. 26D shows an example of an integrated ra-
dio/feed, as described herein, and FIGS. 26E shows
the integrated radio/feed of FIG. 26D with the cover
removed (exposing the circuitry and feed body.
FIG. 26F shows the holder (e.g., housing) for an in-
tegrated radio/feed such as the one shown in FIG.
26D, keyed to maintain the orientation of the ra-
dio/feed in the parabolic barrel reflector.

FIG. 27A shows a parabolic barrel reflector for an
antenna apparatus, similar to that shown in FIGS.
23A-26A. This variation is adapted so that the ra-
dome may slide over the mouth of the parabolic bar-
rel reflector. Two of the sides show parallel straight
regions 2705, 2705" onto which aradome cover may
slide. These two parallel straight regions may be
formed on the outer lip region of the mouth (opening).
FIG. 27B is an example of aradome (cover) adapted
to slide and attached over the mouth of the parabolic
barrel reflector such as the one shown in FIG. 27A.
FIG. 27C is an enlarged perspective view of the ra-
dome of FIG. 27B, showing the rim region that is
adapted to slide over the mouth of the parabolic bar-
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rel reflector.

FIGS. 28A and 28B illustrate attachment of the ra-
dome of FIG. 27B-27C over the mouth of the para-
bolic barrel reflector of FIG. 27A by sliding the cover
from the top, down the flattened slides (perpendicu-
lar to the top, which is marked, e.g., by a cut-out
region) and over the mouth of the combined para-
bolic reflector and shroud.

FIG. 29A shows an example of an apparatus includ-
ing an integrated radio/feed device that is secured
in the parabolic barrel reflector using a rear housing
(holder or receiver) that is shown in greater detail in
FIG. 29B; the receiver is metal plated within the hous-
ing to prevent passage of RF energy (e.g., micro-
wave energy) from the back of the apparatus when
holding the integrated radio/feed.

FIG. 30A shows an energy profile through a radio
apparatus having a parabolic reflector , using an in-
tegrated radio/feed device. FIG 30B shows the same
integrated radio/feed device within a parabolic barrel
reflector similar to those described herein, which act
as RF isolators, showing a greater energy near the
midline of the apparatus, exiting the mouth of the
apparatus, compared to a parabolic reflector without
an integrated shroud region. The thermal plot shows
a range of field energies from 2e-2 (behind the ap-
paratus) to a high of 2e+2.

FIG. 31 illustrates an example of a radio apparatus
including an integrated radio/feed within a parabolic
barrel reflector and mounted to a pole viathe mounts.
FIG. 32 illustrates an exemplary integrated radio
(RF) transceiver and feed.

FIG. 33 illustrates an exemplary integrated radio
transceiver and feed in a housing with an antenna
tube.

DETAILED DESCRIPTION

[0055] Described herein are apparatuses (including
devices and systems)including choke shrouds and meth-
ods for improving and protecting radio devices and sys-
tems, such as those used for high-speed, long-range
wireless communication, using choke shrouds. In gen-
eral, these apparatuses may include a shroud compo-
nent extending an opening of an antenna reflector (e.g.,
parabolic reflector) and a choke boundary portion extend-
ing from a distal end of the shroud component (where
the choke is oriented perpendicular to the central axis of
the shroud portion). The choke boundary portion may be
mounted on the shroud portion so that the choke bound-
ary and shroud are held in a fixed relationship with each
other. The shroud may be adapted to connect with an
open end of a reflector (such as a parabolic reflector) and
hold the choke boundary region relative to the reflector
to attenuate RF electromagnetic signals to and/or from
an antenna when it is coupled with the reflector. In some
variations, the apparatuses may also include one or more
connectors configured to mount the choke shroud to an
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antenna reflector. In some variations, the apparatuses
may also include a radome configured to cover at least
part of an opening of a shroud or antenna reflector to
protect the inside of the reflector and the antenna from
damaging elements, such as dirt, water, wind, etc.
[0056] The apparatuses and systems may be used
with any reflector or antenna system such as those known
in the art. For example, FIG. 1A illustrates a schematic
of one example of an RF antenna including a parabolic
reflector 2 to which a feed for an RF transceiver (trans-
mitter and/or receiver) 14 is coupled. In operation, a typ-
ical RF antenna such as the one shown in FIG. 1A may
transmit and receiver, however a substantial amount of
interference between this antenna and one or more near-
by neighbors, including reflectors that are operating on
the same networks

[0057] FIG. 1B shows a sectional side-view of the an-
tenna system of FIG. 1A, including the parabolic reflector
2, with a choke shroud 5 that includes a shroud compo-
nent8 thatis integrated with a choke boundary 10 (shown
in different cross-sections) mounted on antenna reflector
6. Shroud portion 8 including a first (proximal) end 9 and
second (distal) end 11 with side wall 13 there between.
Wall 13 is a curved side wall encircling central axis 15 of
shroud portion 8. In this example, the apparatus include
a central axis 15 that is typically (or may be made to be)
continuous with to the central axis of antenna feed 14
and with the reflector central axis and extends distally
(up in FIG. 1B) to proximally (down in FIG.1B). In other
examples, the shroud central axis may not be parallel
(e.g., may be oblique) relative to the antenna central axis.
In FIGS. 1A-1B, antenna feed 14 extends distally away
from the base of reflector 6. In this example, antenna
reflector 6 is a parabolic shaped reflector configured to
reflect and direct electromagnetic radiation to or from an-
tenna 14. The reflector may be, for example, plastic or
metal, and may be coated to provide a reflective surface.
The side wall 13 of the shroud region is connected to the
choke boundary 10 (shown in partial sections) which is
adjacent to shroud region 8 (e.g., extends laterally away
from second or distal end 11 of shroud region 8 and ex-
tends laterally away from central axis 15). Ridges of the
choke boundary portion 10 may be offset from and distal
to shroud portion 8 (e.g. ridges may extend laterally and
distally from the central axis of shroud 8). Part, some, or
all of a choke boundary region may be adjacent to the
shroud region, off-set from the shroud region, lateral to
the shroud region, or distal to the shroud region. In some
variations, the choke boundary may be off-set from the
shroud and may not overlie the shroud region.

[0058] FIG. 2A shows a top view of choke shroud ap-
paratus 5 that is adapted to be mounted on an antenna
reflector. Choke shroud apparatus 4 includes shroud por-
tion 8 having a side wall 13 and at a choke boundary 10
(show in the cross-sections of alternate variations of
FIGS. 2B, 2C and 2D). The choke boundary region may
be shown as cutin this view, which shows first and second
portions of the choke boundary region. Shroud side wall
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1"

13 is configured to be mounted on an antenna reflector,
such as the reflector shown in FIGS. 1A-1B. Shroud side
wall 13 may be a support structure, such as a support
for a choke boundary region and/or a radome. For ex-
ample, a choke boundary region may be mounted to a
shroud region in a fixed relationship and may project
away from the shroud. Shroud 8 may extend forward (dis-
tally) from the end of the reflector when in place on the
reflector. A continuous surface (from proximal to distal)
may be created by the reflector and the shroud portion
when the shroud region is in place on the reflector.
[0059] A shroud region may be hollow and have a
curved side wall encircling a central axis and may have
first and second ends. The first and second ends may be
opposed to each other and the wall may be between or
adjacent to the firstand second ends. A shroud may have
a surface that extends partially of continuously around
(encloses) a central axis and may have elements or por-
tions of the surface that are circular, conical, ellipsoid,
ovoid, rectangular, etc. A shroud end may be circular,
conical, ellipsoid, ovoid, rectangular, etc. A shroud as
described herein may generally be a cylinder or cylindri-
cally shaped and have circular, ellipsoid, or oval end(s).
A central axis of a shroud may be configured to be con-
tinuous with a central axis of a reflector when the shroud
is in place on the reflector or may be configured to be off-
set relative to the central axis of the reflector.

[0060] Insome variations afirst end (e.g., the proximal
end or the end closest to a reflector) or second end (e.g.,
the distal end or the end furthest from the reflector) of a
shroud may not be perpendicular to a central axis of the
shroud, reflector, and/or antenna, though in general will
have a first end and a second end perpendicular to one
or more of these central axes. A shroud may have the
same cross-sectional profile (e.g., same diameter),
shape, and size at its first and second ends (as well as
in between the ends), but in some variations, the cross-
sectional profile (e.g., diameter) shape, and size at a first
end of a shroud may be different from the cross-sectional
profile atthe second end. A shroud may have a generally
cylindrical shape. For example, a shroud may be a right
circular cylinder (and have a circular cross-section), but
may instead have a cross-section that is an ellipse, a
hyperbola, an oval, a parabola, etc. along its length or
ends and may be an ellipsoid cylinder, a hyperbolic cyl-
inder, an ovoid cylinder, a paraboloid cylinder, etc. A
shroud may be generally cylindrically shaped and have
a cross-section that is one or more of a circle, an ellipse,
a hyperbola, an oval, a parabola, etc.), but may have
some portion that has a different or irregular shape. All
or only a portion of a shroud may be cylindrical. In some
particular examples, a first end of shroud may have the
same (or close to the same) diameter, shape, and/or size
as the forward open end (or rim) of a reflector. A shroud
may be attached (or configured to be attached to) to a
rim of a reflector. Attaching a shroud to the forward open
end of a reflector may create a more or less continuous
surface between the shroud and the reflector (e.g., con-
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tinuously longitudinally or in the direction of the central
axis of the shroud or reflector). A space between a re-
flector and a shroud may be made continuous (as with
an adhesive, a band, a filler, a gasket, an O-ring, etc.) to
completely fill in the space or an end of the shroud may
be abutted to an end of the reflector (with a line between
the ends) to essentially create a continuous surface. An
end (e.g., a first end) of a shroud may be slightly larger
or slightly smaller than a forward end of a reflector and
may fit inside or outside the reflector to form a tight fit. A
portion of the shroud and reflector may overlap. A first
end of a shroud may be mounted at (or adapted to be
mounted at) a forward open end of an antenna reflector,
and the forward open end of the reflector may be config-
ured to transmit or receive radiation to or from the anten-
na. A shroud may be configured such that it extends away
from the open end of the reflector when mounted to the
reflector (e.g., when the first end of the shroud is attached
to the forward open of the reflector).

[0061] A shroud may be a closed shape or may be an
open shape. An open shroud may have an open end(s)
(e.g., one end may be open; two ends may be open) and
may also have a closed end (e.g., closed by a relatively
RF transparent material such as a as aradome). A closed
shroud portion may have closed end(s). An open end of
a shroud is generally transparent to electromagnetic ra-
diation and electromagnetic radiation can pass through
an open shroud end. A closed end of a shroud may be
transparent to (at least some types of) electromagnetic
radiation to allow electromagnetic radiation of interest
(such as radio or micro waves) to pass through a closed
end of the shroud. A closed end may function, for exam-
ple, to prevent material such as air, animals, debris, in-
sects, rain, snow, wind, etc. from entering a shroud (e.g.,
an inside of a shroud) or entering an inside of a reflector
(e.g., an inside defined by the reflector such as the area
bounded by the reflector and in a plane across its open-
ing) when the shroud is in place on a reflector. A closed
end may prevent some material from entering but may
allow other material to enter. A closed end may be a
continuous structure or a discontinuous structure (such
as being made from bars, shafts, etc.) For example, a
closed end may prevent strong winds from passing
through but may allow some air or some wind to pass
through.

[0062] A body (wall) of a shroud portion of these ap-
paratuses may substantially be a single continuous piece
of material or may be made from two, three, four, or more
panels that are joined to create a continuous material. In
some variations, a shroud may not be substantially re-
flective and may not direct electromagnetic radiation. A
shroud may provide support or be a support structure
without reflecting or directing electromagnetic radiation.
[0063] In some variations, a shroud may have a reflec-
tive inner surface or a reflective outer surface and may
reflect (or be configured to reflect) electromagnetic radi-
ation. For example, a shroud may be metal or may be
plastic and may be coated or painted to provide a reflec-
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tive surface configured to reflect electromagnetic radia-
tion, such as radiofrequency radiation. A shroud may act
or be configured to direct electromagnetic radiation, such
as RF radiation. A shroud may reduce unwanted radia-
tion such as side (e.g., far side lobes) or back radiation
to or from an antenna (or between two or more antennas,
such as in an antenna system). However, a shroud is not
areflector of an antenna system. Areflector reflects elec-
tromagnetic radiation to a focal point (of an antenna) and
a shroud does not reflect electromagnetic radiation to a
focal point (of an antenna). A shroud may direct electro-
magnetic radiation without radiating it into a reflector. In
some variations, a shroud may include or be coated or
treated to include electromagnetic absorbing material
and may be configured to absorb electromagnetic radi-
ation. The structure or composition of a shroud may im-
prove a signal to or from an antenna by reducing unwant-
ed radiation signals such as from the environment or to
or from another antenna.

[0064] As indicated above, a choke boundary portion
may be mounted to the shroud and the shroud may be
useful for attaching the choke boundary to the reflector
(via the shroud) and for positioning the choke boundary
relative to the reflector (and also relative to a central axis
of the antenna). FIG. 2B, 2C and 2D show portions of a
choke region 10 (including the ridges shown). The choke
region has been attached to at least a portion of a choke
wall. In this example, the choke ridges and choke walls
in the example of a choke boundary shown in FIGS. 2A-
2C form concentric rings around the central axis and
around the side wall of the shroud portion. For example,
FIG. 2B shows choke boundary extending away from the
side wall of the shroud 8. The choke wall extends trans-
versely from the central (longitudinal) axis of shroud side
wall 8, and the choke boundary including the choke wall
and choke ridges overlie shroud side wall 8. A choke wall
may extend in any direction (e.g., obliquely or parallel)
relative to the central (longitudinal) axis of shroud 8, but
in some variations will extend approximately transversely
relative to the central (longitudinal) axis of shroud side
wall 8. A choke shroud may attach (or be configured to
attach to) an end of a reflector, such as using one or more
connectors. A connector may be, for example, an adhe-
sive, a band of material, a bolt, a glue, a hinge, a pin, a
screw, etc. A connector may be a metal or a non-metal,
polymeric, synthetic, etc. A choke shroud may fit over or
inside a portion of a reflector. A choke region of a choke
shroud may be positioned over or inside a portion of a
reflector and may be held in place by one or more con-
nectors such as those described above, or by a tight fit
(e.g., an interference fit), etc.

[0065] An isolation choke boundary region may refer
to a structure or part mounted to the shroud region, or
integrally formed with the shroud wall, and configured to
attenuate or reduce electromagnetic spillover from an
antenna (e.g., a transmission antenna, a receiving an-
tenna, a transmission/receiving antenna) thereby de-
creasing unwanted signal to the antenna. An isolation
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choke boundary portion may attenuate or reduce elec-
tromagnetic radiation to or from an antenna when it is
mounted (e.g., via the shroud portion) on the reflector
and the antenna transmits or receives electromagnetic
radiation signals. Thus in some variations, choke appa-
ratus for an antenna system is provided, including a
shroud comprising a curved side wall encircling a central
axis, the wall adjacentto apposed firstand second shroud
ends wherein the first and second ends allow electro-
magnetic radiation to pass through, the first shroud end
adapted to be mounted at a forward open end of an an-
tenna reflector for focusing electromagnetic radiation to
an antenna, the forward open end configured to receive
the electromagnetic radiation and the shroud configured
to extend away from the open end of the reflector when
mounted; and a choke boundary mounted to the shroud
and external to the wall, the boundary configured to at-
tenuate electromagnetic wave radiation to or from the
antenna when the shroud is mounted on the reflector and
the antenna transmits or receives electromagnetic radi-
ation.

[0066] An isolation choke boundary region may be re-
ferred to herein as an isolation barrier, isolation bound-
ary, choke, choke boundary, isolate choke, choke barrier,
etc. A choke (e.g., isolation choke boundary region) may
provide a structure (including a corrugated structure)
having multiple barriers, such as ridges, that reduce the
cross-talk between the transmission and receiving par-
abolic antenna dishes. The height/depth and spacing of
the ridges may be adapted so that they isolate the par-
ticular frequency range (e.g., bands) used by the device.
For example, the barrier structures forming the isolation
choke boundary may have a depth or range of depths
centered on the ¥ wavelength of the bands being used,
as describe in greater detail herein. Functionally, an iso-
lation choke boundary may be configured to provide
greater than a minimum level of isolation (e.g., 10 dB
isolation) when positioned between adjacent parabolic
transmitter and receiver dishes, as described.

[0067] An isolation choke boundary (which may also
be referred to as a choke, choke boundary, or isolation
choke) generally acts as a barrier or damper between
two (or more) antennae. For example, an isolation choke
boundary may act as a barrier between a transmitting
antenna and a receiving antenna. The choke boundary
may be configured to suppress propagation of radio
waves having a frequency greater than or equal to 9 GHz
and less than or equal to 41 GHz. Variations of the radio
devices described herein may be configured to operate
around the 5 GHz band, and the choke may include a
plurality (e.g., >3, more than 5, more than 6, more than
7, more than 8, more than 9, more than 10, more than
11, more than 12, more than 13, more than 14, more than
15, more than16, more than 20, more than 25, etc.) ridges
that are spaced apart. Such ridges may run parallel to
the outer rim of the shroud. Such ridges may run parallel
to one or more than one parabolic reflectors to which the
choke is attached. In general, an isolation choke bound-

10

15

20

25

30

35

40

45

50

55

13

ary includes of ridges that extend in height perpendicular
to the plane of the ends (opening(s)) of the shroud (and
to the parabolic antenna(s) when in place on shroud and
the parabolic antenna(s)). The ridges may extend at least
partially (and may extend entirely) around the perimeter
of the shroud or the second or distal shroud end. The
ridges may extend at least partially around the rim(s) of
the shroud or the second distal shroud end so that the
ridges are directed perpendicular to the plane of the
shroud end. The height, spacing between adjacent ridg-
es, number of ridges, shape of ridges, and length of the
ridges may be optimized based on the particular electro-
magnetic bands (e.g. radio bands) used. For example, a
choke may be optimized for operation around the 5 GHz
band, such that the device has greater than about 70 dB
isolation between transmitting and receiving antennas.
The choke component shown may add about 10 dB iso-
lation (e.g., about 12 dB isolation, etc.).

[0068] In some variations, the isolation choke bound-
ary region is formed from layers of metal (strips, sheets,
etc.) or other appropriate material, that are placed adja-
cent to each other (combined together) with some of the
layers displaced to form the ridges and channels at the
edge of the combined layers. For example, a choke
boundary layer may be formed in part by layering strips,
ribbons, or the like, together, and bending the combined
structure into the desired curve (e.g., to mount to the
edge of the parabolic antenna and/or the shroud). The
layers of material may be secured together in any appro-
priate manner, including adhesively (e.g., by resin or
epoxy) and/or by screwing, anchoring, fastening, rivet-
ing, or the like.

[0069] Inuse,whenasecond (e.g., parabolic) antenna
is in proximity to a first parabolic antenna, and the first
parabolic antenna is coupled to choke shroud as de-
scribed herein, when the second antenna is adjacent or
near the first antenna with the choke shroud, the first
antenna may be more effectively isolated from the sec-
ond antenna. In general, the isolation choke boundary
region may be positioned between the first antenna re-
flector and the opening of a second parabolic reflector.
Although described in detail for use with parabolic reflec-
tors, non-parabolic reflectors may also (instead) be used.
[0070] For example, a radio system for transmission
of wireless signals described herein may include: a first
reflector; radio circuitry configured for transmission of ra-
dio-frequency signals from the first reflector; a shroud
coupled to the first reflector; and an isolation choke
boundary coupled to the shroud. A radio system may
also include a second reflector, and an isolation choke
boundary as described herein may be configured to im-
prove the overall isolation between the two parabolic re-
flectors (between two parabolic antennas). For example,
the overall isolation of radio frequency signals between
the first and second parabolic reflectors including the iso-
lation provided by the isolation choke boundary may be
greater than about 10 dB, 20 dB, 30 dB, 40 dB, 50 dB,
60 dB (e.g., greater than about 65 dB, greater than about
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70 dB, greater than about 75 dB, greater than about
80dB, etc.). For example, the overall isolation of radio
frequency signals between the first and second parabolic
reflectors including the isolation provided by the isolation
choke boundary may be greater than about 70 dB.
[0071] As mentioned, the isolation choke boundary
may include ridges. The ridges may run along the length
of the isolation choke boundary (e.g., in the direction of
the outer rim of the reflector(s)). The ridges may be the
same heights or different heights. In some variations, the
ridges alternate in height. For example, in the isolation
choke boundary adjacent ridges in the isolation choke
boundary may be separated by a channel; in some var-
iations the depth of each channel may be greater than
the width (the distance) between adjacent ridges. The
depth between channels may be uniform, or it may be
different; in some variations the depth within a channel
may vary.

[0072] For example, an isolation choke boundary may
be configured to extend along the curved boundaries of
two adjacent shrouds or parabolic reflectors and may in-
clude a plurality or ridges running adjacent to each other;
the ridges may be arranged so that they follow the pe-
rimeter of both openings of the parabolic reflectors. The
choke boundary may be configured so that the plurality
of ridges are arranged along a sinusoidal curve, e.g., so
that either the tops or bottoms of adjacent ridges form a
sinusoidal curve across a diameter of the isolation choke
boundary. Thus, in some variations, the ridges of the iso-
lation choke boundary are arranged along a sinusoidal
curve. Any of the isolation choke boundaries described
may have a variable cross-sectional profile in a trans-
verse section through the choke. Alternatively, in some
variations the choke has a non-symmetric rib height pro-
file, and thus symmetry is not a requirement.

[0073] Thus, as mentioned, atleast some of the ridges
of the isolation choke boundary comprise different
heights; adjacent ridges of the isolation choke boundary
comprise different heights and are separated by chan-
nels having different depths. The channels between ad-
jacent ridges of the isolation choke boundary may be
separated from each other by some fraction of the wave-
lengths. The channels between adjacent ridges of the
isolation choke boundary may have a depth that is about
s of the center frequency used by the apparatus. For
example, for an apparatus adapted to transmit between
about5.4 and about6.2 GHz, the depth(s) of the channels
in the isolation choke boundary may be between about
13.89 mm and about 12.1 mm; for apparatuses adapted
to operate at between about 4 GHz and about 8 GHz,
the depth(s) of the channels in the isolation choke bound-
ary may be between about 18.8 mm and 9.4 mm deep.
[0074] In any of these examples, the choke shrouds
described herein may include a choke portion that ex-
tends only partially around the perimeter of the side wall
of the shroud portion, as shown in the top view of FIG.
3A. FIG. 3A shows another choke portion 34 that can be
mounted on an antenna reflector as part of the choke
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shroud. Also in this example, as in others examples, the
choke boundary regions 34. Choke boundary regions
may have any shape or orientation, including those de-
scribed herein (e.g., relative to other choke boundaries
positions). For example, choke boundaries regions may
include ridges and channels. Ridges and channels may
be relatively uniform in height and depth or may vary,
etc. A portion of a choke boundary may overlie a (lateral)
portion of a shroud and another portion of a choke bound-
ary may be distal to the shroud (such as shown in FIG.
2B).

[0075] FIGS. 4A-4C illustrate a variation of a choke
shroud including a radome. The choke shroud apparatus
is mounted on an antenna reflector with a choke bound-
ary encircling or partially encircling the shroud. FIG. 4A
shows a choke shroud 4 with cylindrically shaped shroud
region (side wall 8) that can attach to a reflector at a
proximal end. The central axis 15 of the choke shroud is
shown in FIG. 4B. The apparatus includes a radome 60.
In FIG. 4A-4C, the radome covers the entire outer distal
surface, including the distal end opening through the
choke shroud, and the choke boundary region 55. Choke
boundary region 55 is mounted on shroud region (e.g.,
shroud side wall 8) and encircles it. Although shown as
aright cylinder, the shroud region may also not be a right
cylinder. As mentioned, the isolation choke boundary
portion may extend only partially around the opening of
a shroud or parabolic reflectors. For example, the isola-
tion choke boundary may extend partially around an
opening of the choke (or of the reflector).

[0076] The isolation choke boundary region may ex-
tend along the edge(s) of the shroud portion (e.g., around
the shroud or around the shroud end) or around the re-
flector mouth less than 180 degrees, between about 30
and about 180 degrees around the shroud, shroud end,
or reflector mouth (e.g., at least about 40 degrees, at
least about 50 degrees, at least about 51 degrees, at
least about 52 degrees, at least about 53 degrees, at
least about 54 degrees, at least about 55 degrees, etc.).
In any of these variations, the isolation choke boundary
may overhang an outer edge of the shroud portion or
parabolic reflector wall. For example, a shroud may be
relatively narrow and the choke boundary may overhand
the reflector and the shroud.

[0077] FIGS. 5A-5C shows examples of a region of a
choke boundary portion. In this example, an optically ab-
sorptive material (not shown) maybe placed on the
shroud wall proximal to the choke boundary, but it could
also be located elsewhere instead or in addition. For ex-
ample, optically absorptive material could be lateral or
distal to the choke boundary region, on part or all of the
shroud region. Optically absorptive materials could be
on or inside a shroud or could be on part of a choke, such
as choke wall. The optically absorptive material may
serve to reduce stray or unwanted radiation to or from
an antenna to which the choke shroud is attached.
[0078] In FIGS. 5A-5C, the choke boundary region is
shown to have a plurality (e.g., more than 3, more than
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4, more than 5, more than 6, more than 7, more than 8,
more than 10, etc.) of ridges; the maximum number of
ridges is constrained by the space considerations (e.g.,.
how big the diameter of the choke shroud can be). In
general, the choke shroud should have between about
3 and about 40 ridges, e.g., 5-40 ridges, 10-40 ridges,
10-30 ridges, etc. FIG. 5D shows a side view of a portion
of a choke boundary region that may be mounted (or
integrally formed with) a shroud region. In FIG. 5D, the
ridges are all approximately the same height and width,
and are arranged concentrically adjacent to each other.
FIG. 5E is a cross-section through the portion shown in
FIG. 5D.

[0079] FIG. 6 shows another choke boundary region
formed of a plurality (e.g., 7) of ridges that are arranged
to extend distally (relative to the central axis of the choke
shroud) different lengths. Thus, the ridges have different
sizes, or approximately the same sizes, but arranged on
a curved (e.g., sinusoidal) surface, as shown in FIG. 6.
[0080] Inoperation, the choke shroud acts to attenuate
RF signals to/from the parabolic reflector that are off-axis
(e.g., lateral). For example, FIG. 7 shows a side-view
through a cross-section of an antenna with a choke
shroud apparatus attached. The choke boundary region
is cut in this section and shown as first choke boundary
section 90a and second choke boundary section 90b.
Radome 89 may be mounted over the distal opening into
the shroud . A radome may be useful for providing pro-
tection to the antenna system. The radome may allow
electromagnetic radiation (e.g., radio waves) to pass
through but provides a barrier to other material. For ex-
ample, a radome may provide a mechanical barrier by
keeping materials such as air (wind), animals, debris,
dirt, etc. from passing into the antenna system (e.g., into
the choke shroud and/or reflector or an internal space
defined by the reflector). A radome may function by pre-
venting damage to the antenna system. A radome may
be mounted (or configured to be mounted) to a shroud
in a fixed relationship. A radome may be mounted or may
be configured to be mounted to a shroud at any location.
For example, a radome may be mounted at a first (prox-
imal) end of a choke shroud (e.g., a shroud end config-
ured to be mounted to a reflector), but more commonly
may be mounted to a second (distal) end of a shroud
(e.g., the shroud end that is not configured to be mounted
to a reflector 74). As indicated above, a shroud may be
mounted (or configured to be mounted) to a reflector in
a fixed relationship and a radome may be mounted (e.g.,
via a shroud) in a fixed relationship to the reflector. A
radome may cover some or all of an opening of an an-
tenna reflector or a shroud. An O-ring may be used to
secure the radome to the back of a lip of a reflector or a
shroud. An extension of an O-ring may seal the radome
to the back of the isolation choke. In some variations of
a choke shroud apparatus, the first shroud region end is
open and the second end comprises a radome mounted
to the choke shroud and configured to prevent material
from entering an internal space defined by the reflector
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when the choke shroud and radome are mounted on the
reflector. A radome may substantially cover the entire
second end of a choke shroud. Antenna components
within the reflector (e.g., feed 77) may also be covered
by the choke shroud. In some variation the choke shroud
extends the distal-facing opening of the reflector allowing
the radome to be positioned flat over the feed.

[0081] As mentioned above, in general, the dimen-
sions of the choke region, such as the number, height,
width, spacing, etc. of the ridges (and channels) may be
selected and/or optimized for attenuation of a particular
frequency (range) of an antenna system. For example,
the depth between the ridges may be approximately %
wavelengths of the wavelengths used by the apparatus.
In variations in which the apparatus is configured to trans-
mit and receive between 4 GHz and 8 GHz, the depths
between adjacent ridges may be between about 18.8 mm
and 9.4 mm (e.g., centered around 13 mm); in variations
in which the apparatus is configured to transmit/receive
in the 5.4 GHz to 6.2 GHz range, the depth may be be-
tween about 13.9 and 12.1 mm. The ridges may be ar-
ranged to minimize edge diffraction and reduce the en-
ergy communicated between the adjacent transmission
and receiving antenna dishes. As described in more de-
tail below, an isolation choke boundary region may be
configured so that the range of frequencies isolated is
adjustable. For example, an isolation choke boundary
region maybe adjustable to adjust the height(s) of the
ridges.

[0082] A choke boundary region may be mounted to
(or at least partially over) the outer edges of a shroud
region. In this variation, the choke boundary region may
overhang into the distal opening of the shroud region.
The choke boundary region may have, for example, more
than 12 ridges. The ridges may have a pitch that is less
than about 0.35 inches. The ridges may be arranged to
follow the curvature of the mouth of a reflector. The ridges
may be separated by channels. The separation of the
ridges (e.g., the width and/or depth of the channels) may
be constant or varied. In some variations the height of
the ridges may be varied. For example, adjacent ridges
may have different heights (going from higher to lower,
or alternating high/low, etc.) extending "up", out from of
the plane of the mouth of the reflector.

[0083] The arrangement of the ridges and channels
may also be seen in many of the examples described
above. In general, a choke boundary region may be con-
figured as a low Q structure and may integrate as many
ridges as possible without substantially compromising
the power of the antenna to which it is coupled.

[0084] As mentioned above in relation to FIG. 6, the
ridges of a choke boundary region are arranged so that
the ridges are not in a single plane, but adjacent ridges
are instead arranged in a curved (e.g., sinusoidal) or
stepped pattern. For example, in the perspective view of
FIG. 6, the upper surface of the choke boundary region,
formed by the ridges extending laterally along the sur-
face, is uneven. The apparent heights of adjacent ridges
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are uneven, as some extend further above the major
plane of the choke boundary (the "top" of the choke
boundary) than others. This is even more apparent in the
side views shown in FIG 7. A section though the middle
of the choke is shown, illustrating the arrangement of the
ridges ina curved (e.g., sinusoidal) pattern. The apparent
heights of adjacent ridges are different. In some varia-
tions the spacing between the ridges is also different,
and/or the depths (e.g., between about 9 mm and 19
mm).

[0085] As mentioned above, the surfaces of the choke
boundary region and shroud region may be covered by
aradome. In some variations of the choke shroud appa-
ratus, the choke region may be positioned over the lip of
the shroud region and in front of (extending further than)
the subreflectors of each reflector of the system, as
shown in FIG. 7. In this example, the choke boundary
region has a low-frequency wave profile on top of the
high-frequency notch (ridged) profile. As described, this
may provide an increase in the isolation of antenna re-
flectors (antennas) when in place adjacent or near an-
other antenna.

[0086] In some variations, the isolation choke bound-
ary region and/or the choke region may include an ab-
sorber (e.g., a microwave absorber) material as part of
the structure. The material may act to absorb energy in-
cluding energy within a frequency range relevant to the
operation of the apparatus. For example, a strip orregion
of absorber such as microwave absorber may extend
between the two antenna dishes when the choke is po-
sitioned between the two dishes. An example of a micro-
wave material includes a polymeric material filled with
magnetic particles; the particles may have both a high
permeability (magnetic loss properties) and a high per-
mittivity (dielectric loss properties). The absorber maybe
a solid (e.g. magnetic) absorber and/or a foam absorber.
For example, a foam absorber may be an open celled
form that is impregnated with a material that is lossy at
the appropriate frequencies (e.g., a carbon coating). An
absorber may be held onthe choke (e.g., extending along
along axis of the choke that would be positioned between
the two reflector dishes). The absorber may be any ap-
propriate thickness, width and length, such as between
about 0.5 mm and about 5 cm thick and/or wide, etc. The
absorber may be shaped (e.g., may include projections,
ridges, etc.) and/or may form one or more of the ridges
of the choke boundary region.

[0087] Also described herein are isolation boundary
(isolation choke boundary) regions that are automatically
or manually adjustable to adjust the isolation frequency.
For example, and isolation choke boundary may be ad-
justable by adjusting the height(s) of the ridges extending
between the reflectors. The ridge heights may be adjust-
ed from a particular height or range/distribution of heights
based on the desired transmitting/receiving frequency
band. Ingeneral, the height of the ridges may be a fraction
(e.g., ¥4) of the wavelength based on the band, and may
be set to or centered to the center frequency of the band.

10

15

20

25

30

35

40

45

50

55

16

For example, an operating frequency bandwidth of
5470-5950 MHz, having a center frequency of 5710 may
have a height of the ridges of the choke region of (or
centered around) 13.25 mm. Similarly, an operating fre-
quency bandwidth of 5725-6200 MHz, having a center
frequency of 5962.5 MHz, may have a ridge height for
the choke region of (or centered around) 12.6 mm. How-
ever, if an adjustable choke region is used, the heights
of the ridges may be adjusted from about 13.25 to about
12.6 if the desired band of operation is changed.

[0088] The heights of the ridges may be adjustable by
mechanically adjusting the ridges so that they extend
from or retract into the base of the choke. In some vari-
ations the ridges extend into and out of the base and are
mechanically (and/or electrically) adjustable to various
heights. The heights may be manually adjusted, e.g., us-
ing a knob or other control, including controls having pre-
set heights which may correspond to desired operating
bands. Any of these devices may also be automatically
adjustable, e.g., so that the circuitry controlling the radio
may also control and/or adjust the height of the isolation
barrier ridges; if the device switches operation from one
band (e.g., 5470-5950 MHz) to another (e.g., 5725-6200
MHz), then it may automatically tune, or adjust, the height
of the ridges of the choke. For example, the heights of
the ridges may be adjusted between about 4 mm and
about 20 mm (e.g., 8 mm to 20 mm, 10 mm to 18 mm,
etc.). In some variations the spacing between ridges may
also be adjustable.

[0089] In general, the plurality of ridges of an isolation
choke boundary region may extend past an outer edge
of the shroud region and/or parabolic reflector. A choke
boundary ("choke") may include any appropriate number
of ridges. For example, a choke region may include at
least 10 ridges or any other number as described above.
As mentioned, a choke boundary region may include
ridges. In some variations, a first subset of the ridges of
the isolation choke boundary may follow a curvature (in
the major plane of the isolation choke boundary) of an
outer edge of the first shroud and a second subset of the
ridges of the isolation choke boundary follow a curvature
of the outer edge of the second shroud.

[0090] Any of the isolation choke boundary regions de-
scribed may have a variable cross-sectional profile in a
transverse section through the choke region, but may
generally be symmetric about the long axis plane. Alter-
natively, in some variations the choke region has a non-
symmetric rib height profile, and thus symmetry is not a
requirement.

[0091] A radio device for transmission of broadband
wireless signals described herein may include: a para-
bolic reflector; radio circuitry configured for transmission
of broadband radio-frequency signals between about 4
and about 8 GHz from the parabolic reflector and config-
ured for reception of broadband radio-frequency signals
between about 4 and about 8 GHz by the parabolic re-
flector; a choke shroud coupled or coupleable to the re-
flector including a an isolation choke boundary region
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and a shroud region. The isolation choke boundary re-
gion may include a plurality of ridges extending perpen-
dicular to the central axis of the choke shroud. The iso-
lation choke boundary region may be configured to pro-
vide greater than 10 dB isolation of the parabolic reflector.
[0092] In some variations the radio circuitry of the ap-
paratus is configured for transmission and/or reception
of broadband radio-frequency signals between about 5
and about 7 GHz from the parabolic reflector.

[0093] Although the devices described herein are es-
pecially useful for use with radio device for transmission
of broadband wireless signals for transmission or recep-
tion of broadband radio-frequency signals between about
4 and about 8 GHz, many of the features and methods
of operation described herein may be used as part of
other radio devices, and may therefore improve such de-
vices, including radio devices that are configured to op-
erate over different radio-frequency ranges. Although
there may be advantages to applying the features and
improvements described herein in this ("5 GHz") range,
other ranges may be used. For example, features and
improvements as described herein may be used in radio
antennas having non-parabolic antenna dishes, or hav-
ing fewer or more than the number of antennas de-
scribed. Any features, elements and methods such as
those described herein, including (but not limited to) the
isolation choke boundary, RAD, and mounting system
(e.g., quick release pole mount, etc.), may be used as
part of any other antenna system.

[0094] In any of the variations described herein, more
than two reflectors (e.g., parabolic reflectors) may be
used, e.g., 3, 4, 5, 6, or more. Each reflector may be
connected or connectable to a choke shroud.

[0095] As mentioned, any of the apparatus described
herein may also include a cover (e.g., radome cover)
over all or a portion of the device (e.g., the choke shroud).
In general, theses device may be adapted for exterior
use, and may withstand temperature, moisture, wind
and/or other environmental forces.

[0096] As mentioned, the systems/devices may be
configured to prevent interference between adjacent an-
tennas (radios). For example, a parabolic reflector may
be retrofitted with a choke shroud to enhance isolation
from a nearby second radio device.

[0097] Any of the apparatuses described herein may
include a shroud component of any height, or they may
notinclude a significant shroud component. Forexample,
FIGS. 1Cand 1D illustrates a perspective view of a choke
shroud attaching to an antenna. In this example, the
choke shroud has a shroud component which extends
the choke region above the outer perimeter of the anten-
na reflector. The inner wall of the shroud region may be
reflective or absorptive (e.g., absorbing, such as a ra-
dio/energy absorbing coating). FIGS. 1E and 1F illustrate
another variation in which the apparatus includes only a
minimal, or no shroud region. Instead, the choke is ap-
plied to the outer perimeter of the antenna reflector with-
out substantially extending the antenna by a shroud.
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FIGS. 8A illustrates a sectional view of the application of
a choke shroud 803 onto an antenna 801; an optional
radome 805 may also be applied (or integrated onto the
choke shroud 803). Similarly, FIG. 8B shows a sectional
view of the application of a choke 813 with a minimal (or
no) shroud portion onto an antenna 801, including an
optional radome 810.

[0098] Although the majority of antennas described
herein are dish and/or parabolic reflector-type antennas,
any appropriate antenna type may be used, including,
for example, an elongate (e.g., sector) antenna, as
shown in FIG. 9. In this example, a choke and/or choke
shroud may be attached to the sides (e.g., the elongate
sides) of the sector antenna to provide the benefits de-
scribed above. For example, FIG. 9B illustrates a pair of
choke shroud components that may be attached to an
antenna such as the one shown in FIG. 9A. In general,
any of the chokes/choke shrouds described herein may
be in separate pieces or components that may be at-
tached to the antennas. FIG. 9C shows another example
of a choke shroud having a single member that fits onto
an elongate rectangular antenna such as the sector an-
tenna of FIG. 9A. Any of these examples may be modified
so that the shroud portion is minimal or not present (e.g.,
attaching just a separate choke element to the outer pe-
rimeter of the reflector).

[0099] FIG. 10A illustrates one example of a choke
shroud formed of multiple pieces that are assembled onto
the outer perimeter of the antenna to form the complete
choke shroud (such as any of those illustrated above in
FIGS. 1C-1D, 2A-2D, and 4A-4C. In this example, two
rigid, or semi-rigid pieces are joined around the perimeter
ofthe antenna reflector to form the choke shroud. Insome
variations (as described above in reference to FIGS. 3A-
3D) a choke shroud may be configured to extend only
partially around the outer perimeter of the antenna re-
flector. For example, either piece shown in FIG. 10A may
be used by itself as a choke shroud (partial choke
shroud). A partial choke shroud may be clipped onto (or
otherwise attached to) an antenna reflector to provide
noise reduction only in a specific direction, for example,
when there is an antenna immediately adjacent in the
direction that the partial choke shroud is attached.
[0100] FIG. 10 shows another example, in which the
choke shroud is a single piece that is open and can be
closed around the antenna reflector. In this example, the
choke shroud may be partially flexible, which may aid in
attaching it to the perimeter of an antenna reflector as
illustrated above. The opening 1004 may be reduced (or
expanded) when applying the apparatus onto the anten-
na. Once over the antenna, it may be locked or otherwise
secured into place (e.g., using a strap, screw, clip, or
other element holding the separated sides together.
[0101] The apparatuses described herein may find
particular use in locations in which a number of antennas
are positioned near each other, as shown in FIG. 11A.
FIG. 11A schematically illustrates a tower with multiple
antennae positioned near each other though oriented in
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different directions. This example shows a tower with
multiple antennae, some of which include complete or
partial choke shrouds 1105, 1105, 1105" to provide
noise cancellation/enhance isolation. The choke shrouds
may preventsignals from nearby antenna from interfering
with transmission to/from antenna having the choke
shroud, and may also minimize signals from that antenna
impinging on the adjacent antennae. FIGS. 11Band 11C
illustrate another example of a choke shroud attached to
an antenna apparatus having a parabolic reflector and
attached to a tower (FIG. 11B). FIG. 11C shows an en-
larged view of the choke outer edge (mouth) region of
the shroud attached to the antenna shown in FIG. 11B.
[0102] Another variation of a choke shroud is shown
in FIGS. 12A-12C. These figures show perspective views
of a choke shroud that may be coupled to an apparatus
such as a parabolic reflector of and antenna. FIGS. 13A-
13G illustrate another variation of a choke shroud 1301
as described herein. In this example, the shroud (choke
shroud) may be secured by a tightening nut 1304 (or
other constricting and/or retaining mechanism) to the
open mouth of an antenna reflector. In this example, the
choke shroud includes a radome (cover) that is mostly
RF transparent, or allows RF energy to pass through rel-
atively attenuated; however the radome 1306 may be
shaped to enhance the performance of the isolation
choke shroud. For example in FIG. 13B, as shown in the
profile of FIG. 13F the radome concave inward, and/or
cone-shaped (in towards the parabolic reflector). The
body of the shroud may also be tapered in any of the
shrouds described herein, as shown in FIGS. 13D-13E,
with sidewalls slightly angled away from the midline of
the apparatus, and not parallel as in other examples. The
angle away from the parallel may be small (e.g., between
about 0.5 degrees and 20 degrees, between about 0.5
degrees and 15 degrees, between about 0.5 degrees
and 10 degrees, etc.).

[0103] The performance of an antenna/radio appara-
tus including any of the choke shrouds described herein
may be generally better than the performance without
the shroud, in particularin isolating the beam energy from
the apparatus. FIG. 14A shows a power profile for signals
emanating from a parabolic reflector without a shroud,
and FIG. 14B shows a power profile for signals from the
same parabolic reflector with a shroud 1404, showing an
improvement in the energy (signal) directed in the z di-
rection out of the apparatus. The midline region 1401
with the shroud has a greater signal energy while off-
midline regions have a lower energy.

[0104] FIGS. 15A-15F illustrate attachment of a shroud
to a parabolic reflector, as described above. The shroud
is a circular/tubular structure with a slit down one side,
allowing it to be expanded and placed around the open
mouth of the parabolic reflectors 1501 as shown in FIG.
15A. Once in place, a securing hoop 1505 is positioned
over the attachment site, as shown in FIGS. 15C-15E
and the hoop is tightened and locked into place by se-
curing a screw 1504.
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Reflectors with Integrated Shrouds

[0105] Also described herein are parabolic reflectors
integrated with a shroud (which may be a choke shroud
or a shroud without a choke). Any of these isolation re-
flectors may be referred to herein as integrated reflectors
and shrouds, reflectors with integrated isolation shrouds,
or parabolic barrel reflectors. In general, these appara-
tuses include a parabolic reflector region having a first
function of curvature that is parabolic, that transitions to
a second, region distal to the first parabolic region that
is either parallel-walled, or has walls that are nearly (e.g.,
within +/- 10 degrees of) parallel, giving them a roughly
barrel-like extension from the parabolic region.

[0106] In particular, described herein are parabolic an-
tenna reflector apparatuses including a reflector or body
portion that is integrally formed of a parabolic reflector
section (or parabolic reflector portion) and a shroud por-
tion (or shroud section) that may be formed to be different
regions of the same component (body). This integrated
body may be formed of a single piece of material, such
as by deep drawing of a sheet of metal. Deep drawing
may refer to a fabrication method in which a sheet metal
blank is radially drawn into a forming die by the mechan-
ical action of a punch. The process is considered "deep"
drawing when the depth of the drawn part exceeds its
diameter. This may be achieved by redrawing the part
through a series of dies.

[0107] The parabolic reflector section typically has a
central axis of symmetry (e.g., in the direction of the distal
mouth of the reflector section. This distal mouth region
may be a circular opening perpendicular to the central
axis of symmetry. The axis of symmetry 1605 of a para-
bolic reflector section 1603 is illustrated in FIG. 16B,
showing one example of a parabolic antenna reflector
apparatus having an integrated (unitary body) with a par-
abolic reflector section 1602 that is continuous with a
shroud portion 1607.

[0108] Ingeneral, a shroud portion may extend distally
from the circular opening of the parabolic reflector sec-
tion. The distal opening of the shroud portion is angled
relative to the axis of rotation. This means that the wall
of the shroud portion is higher on one side of the shroud
portion than on an opposite side, and the distal opening
of the shroud portion typically forms a plane thatis angled
relative to the central axis (the axis of symmetry). For
example, the shroud portion may have a distal opening
formingaplanethatis atan angle of between 0.5 degrees
and 20 degrees (e.g., between about 0.5 and 15 degrees,
0.5and 10degrees, 1and 15degrees, 1 and 10 degrees,
etc.) relative to a plane that is perpendicular to the axis
of symmetry. In some variations the radome may be non-
flat (e.g., conical, having a non-uniform thickness, etc.).
The radome is typically a protective cover thatis relatively
transparent to the RF energy transmitted/received by the
apparatus. Thus, a radome may be constructed of ma-
terial that minimally attenuates the electromagnetic sig-
nal transmitted or received by the antenna. As men-
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tioned, any of the apparatuses described herein may in-
clude a radome. For example, in the parabolic antenna
reflector apparatuses described herein, the radome may
be a flat and may cover the distal opening of the shroud
portion, covering the inside of the shroud portion at the
angle.

[0109] The parabolic antenna reflector apparatuses
described herein may generally be adapted for use with
an integrated radio transceiver and feed. For example,
the parabolic reflector portion of the body may include a
central opening having a diameter of greater than 3 cm
(e.g., sufficiently large to permit passage and/or hold the
integrated radio transceiver and feed hosing as de-
scribed in greater detail below. The parabolic antenna
reflector apparatus may also include a holder or housing
mounted on a proximal side of this central opening so
the central opening is continuous with an inner chamber
within the holder, wherein the inner chamber comprises
a coating of a radio-frequency (RF) shielding material.
The inner chamber is generally configured to hold and/or
secure the integrated radio transceiver and feed so that
it extends into the main body of the reflector (e.g., into
the parabolic reflector region and the shroud portion).
The inner chamber of the holder may include one or more
tracks or channels (e.g., extending along the inner length
in the direction of the axis of symmetry when mounted
to the back/proximal side of the parabolic reflector por-
tion. These channels maybe sized and shaped to secure
the housing of an integrated radio transceiver and feed.
In general, the inner chamber of the holder may be con-
figured to secure anintegrated radio transceiver and feed
so that the integrated radio transceiver and feed is
aligned with the central axis of symmetry.

[0110] The holder is generally configured to prevent
transmission of RF energy out of the central opening, or
fromthe back ofthe integrated radio transceiverand feed.
Thus, the holder may be coated, plated, or formed of an
RF attenuating or absorbing (or reflecting) material that
prevents transmission of RF energy out of the holder.
For example, the holder may be plated with copper and
nickel.

[0111] As mentioned above, any of these parabolic
barrel reflectors may be specifically adapted for use with
an integrated radio/feed, as described, for example, in
US 8,493,279, and described below. Thus, the appara-
tuses described herein include a rear holder (which may
also be referred to as a receiver or holder) for the rear
(proximal) portion of the integrated radio/feed. The rear
holder may be secured, e.g., by slotted locking mecha-
nism, screws, or the like, including by supporting between
the base of the parabolic region of the reflector and a
mountattached thereto, to the back ofthe parabolic barrel
reflector, so that an integrated radio/feed that passes
through the back of the reflector may be securely (and
in a fixed orientation) held within the reflector. The inside,
outside, or both of the rear holder is/are made from or
coated with a material that reflects and/or attenuates RF
energy, to prevent transmission from the behind the re-
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flector. The reflector itself has a large central opening
through which the integrated antenna/feed passes and
one or more securing areas. The holder may also include
a door or closure for passing a cord or cable (e.g., con-
necting to the transceiver circuitry) for signal(s) transmit-
ted using the apparatus.

[0112] In any of the shrouds, including in particular the
integrated parabolic reflectors with integrated shrouds
(parabolic barrel reflectors) described herein, the mouth
or distal opening of the shroud portion may form a plane
that is off-axis from the midline of the apparatus. This is
illustrated, e.g., in FIG. 23E, described in greater detail
below. Thus the feed (integrated radio transceiver and
feed) may be held within the reflector at an angle that is
not perpendicular to the mouth (and any radome covering
the mouth). Although the direction of transmission typi-
cally follows the symmetry of the feed (integrated ra-
dio/feed), the front appears to be pointing in a different
direction because of the angled mouth. Thus, rather than
a 90 degree angle, the angle of the feed relative to the
mouth (and any cover, e.g., radome) may be between
45 degrees and 89.9 degrees (e.g., between a first value
of 45, 46, 47, 48, 49,50, 51, 52, 53, 54, 55, 56, 57, 58,
59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74,75,76,77,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88,
or 89 degrees, and a second value of 46, 47, 48, 49,50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65,
66, 67, 68, 69, 70, 71,72,73,74,75,76,77,78,79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 89.5 or 89.9 degrees,
where the second value is higher than the lower value).
[0113] For example, FIG. 16A illustrates one variation
of an integrated antenna reflector and shroud apparatus
(which may be referred to herein as a parabolic barrel
reflector), covered with a radome. FIG. 16B shows the
apparatus of FIG. 16A with the radome removed, show-
ing the integrated radio/feed mounted within the reflector.
In this example, the integrated radio transceiver and feed
is shown with the cover/housing removed, showing the
feed pin 1648, sub-reflector 1650 and circuitry mounted
to a common substrate 1647. The antenna assembly
shown in this example has a 300 mm mouth opening
diameter. FIGS. 16C-16E illustrate bottom, top and side
views, respectively of the integrated parabolic antenna
reflector and shroud apparatus shown in FIGS. 16A-16B,
including a mount and attached integrated radio/feed. As
shown in FIG. 16C (bottom view) compared to FIG. 16D
(top view), the width (diameter, d4) 1610 of the shroud
portion 1607 at the top is much larger than the width
(diameter, d,) 1609 at the bottom, e.g., approximately
1.5xin this example. The angle between a plane perpen-
dicular to the axis of rotation of the parabolic region 1603
and the distal opening of the shroud portion (o) is typically
between about 0.1 and 20 degrees; in FIG. 16E, this an-
gle (o) is approximately 10 degrees.

[0114] InFIG. 16E, the mountapparatus is also shown,
illustrating a bolting mount that is capable of binding to
a number of differ surfaces, including radio towers (e.g.,
poles), walls, etc.
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[0115] The mountshown, aswillbe described infurther
detail below, has two parts; an inner portion (between
the holder for the integrated radio transceiver and feed)
and an outer portion, shown over the inner portion and
partially covering the holder. FIG. 17 shows a slightly
enlarged view of the mount portion of the apparatus of
FIGS. 16A-16E, which may be used to mount the appa-
ratus to a surface, post, tower, or the like. The inner mount
1633 can be bolted to the outer mount 1644, which may
itself include one or more mounting bolts 1654 for secur-
ing the apparatus to a pole, post, or the like.

[0116] FIG. 18 is an exploded view of the apparatus of
FIGS. 16A-16E, showing the component parts, including
the parabolic barrel reflector 1801 (shown as an integrat-
ed piece having afirst proximal parabolic reflector region,
and a second distal shroud portion), a first mount piece
1803 (inner mount) and a second mount piece 1805 (out-
er mount), a holder 1807 for an integrated radio/feed,
and the integrated radio transceiver and feed 1809.
These components are all shown aligned along the axis
of rotational symmetry 1855, 1855’ of the parabolic re-
flector portion. The parabolic reflector portion includes a
central opening or hole 1866. The holder 1807 may be
aligned so that the inner chamber or region 1877 of the
holder 1807 is aligned with an opening through the first
mount piece 1803 and the central opening 1866 through
the parabolic reflector portion of the integrated reflec-
tor/shroud housing 1801.

[0117] FIG. 19A shows the parabolic barrel reflector
(main body 1801) of the apparatus shown in FIG. 18.
This main body includes the inner, parabolic reflector por-
tion 1823, and the outer shroud region 1824, where the
shroud portion 1824 has smaller width along one side (at
the bottom, near the drainage holes 1883) than at the
opposite (top) side.

[0118] FIG.19Band 19C showthe inner bracket mount
1803 and outer bracket mount 1805, respectively, of the
apparatus shown in FIG. 18. FIG. 19D shows an inte-
grated radio/feed, as described herein, and FIGS. 19E
shows the integrated radio/feed 1901 of FIG. 19D with
the cover removed (exposing the circuitry 1905, common
substrate 1903, a feed pin 1913, and a sub-reflector
1909).

[0119] FIG. 19F shows a holder 1807 for an integrated
radio/feed 1901 such as the one shown in FIG. 19D,
keyed within the inner region 1877 to maintain the orien-
tation of the radio/feed in the parabolic barrel reflector.
[0120] As mentioned above, any of the apparatuses
described herein, including any of the parabolic barrel
reflector apparatuses described herein, includes a choke
boundary region acting as a filter around the outer
mouth/opening of the apparatus. For example, FIG. 19G
shows a variation of a parabolic barrel reflector similar
to the one showninFIG. 19A (and FIG. 18), only including
a choke boundary region 1977 formed as a plurality of
ridges 1979. As mentioned above, these ridges may in-
clude a depth that is approximately ¥ wavelength of the
bands being used, as described herein. FIG. 19H shows
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an enlarged view of this choke region. In FIG. 19H, the
choke region is shown radially inward from the radome
attachment region or lip 1981 so that the radome may
cover the choke region when covered; alternatively, the
choke boundary may be outside of the radome (and/or
radially outward from the radome attachment region. In
general, the choke region may be referred to as an inte-
grated notch filter and located along the outer edge of
the apparatus.

[0121] FIG. 20A shows one example of the parabolic
barrel reflector (body) portion 2001 for an antenna appa-
ratus, similar to that shown in FIGS. 16A-19A. In this
example, the outer edge of the shroud portion of the body
has a lip or rim 2005 that is flanged outwards, and has
regions of different width, forming a scalloped edge. FIG.
20B is an example of a radome (cover) 2007 that may
be adapted to mate with this outer lip or rim region 2005
and attach over the mouth of the parabolic barrel reflec-
tor. In FIG 20B, the radome outer edge region has edge
regions 2011 that are complimentary to the scalloped
edges 2005 of the rim. FIG. 20C illustrate attachment of
the radome of FIG. 20B to the mouth of the parabolic
barrel reflector of FIG. 20A. For example, the radome
cover may be placed against the opening 2012, then
aligned so that the scalloped edges fit between the outer
edge regions 2011; to engage the radome to the body of
the apparatus, as shown in FIG. 20C, the radome (or
theoretically the body) may be rotated 2013 to engage
the radome cover.

[0122] FIG. 21A illustrates a variation of an integrated
antenna reflector similar to that shown in FIG. 16A, and
an integrated parabolic reflector/shroud apparatus (par-
abolic barrel reflector), covered with a radome. Similarly,
FIG. 21B shows the apparatus of FIG. 21A with the ra-
dome removed, showing the integrated radio/feed 2108
mounted within the reflector. The housing over the inte-
gratedradio transceiver and feed 2108 is shown attached
and over the integrated radio transceiver and feed. This
example has a 400 mm mouth opening diameter. FIGS.
21C-21E illustrate bottom, top and side views, respec-
tively of the integrated parabolic antenna reflector and
shroud apparatus shown in FIGS. 21A-21B, including a
mount (inner mount piece 2105 and outer mount piece
2107) and attached integrated radio/feed (not visible).
[0123] FIG. 22 shows a mount portion of the apparatus
of FIGS. 16A-16E, which may be used to mount the ap-
paratus to a surface, post, tower, or the like.

[0124] Similarly, FIG. 23A illustrates another variation
of an integrated antenna reflector and shroud apparatus
(which may be referred to herein as a parabolic barrel
reflector) 2301, covered with a radome 2308. FIG. 23B
shows the apparatus of FIG. 23A with the radome re-
moved, showing the integrated radio/feed mounted with-
in the reflector. This example has a 500 mm mouth open-
ing diameter.

[0125] FIGS. 23C-23E illustrate bottom, top and sides
views, respectively of the integrated parabolic antenna
reflector and shroud apparatus shown in FIGS. 23A-23B,
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including a mount and attached integrated radio/feed.
[0126] FIG. 23E illustrates the angle (a) of the distal
opening of the shroud portion, which is the angle of the
plane formed by the distal opening relative to a plane that
is perpendicular to midline, the axis of symmetry 2309 of
the parabolic reflector region. The angle B (which is 90-
a) is the angle of this distal opening relative to the axis
of symmetry itself. As discussed above, this angle may
be determined by, e.g., holding one edge diameter at a
fixed level relative (e.g., d¢) in the direction of the central
axis of symmetry, and setting the height (diameter) of the
opposite edge approximately half of an offset wavelength
distally in the direction of the central axis of symmetry
(e.g.,d,). The offset wavelength may be a mean, median,
or center wavelength of the operational RF range of the
apparatus (e.g., a mean/medial of 5 GHz, d, may be ap-
proximately 5 cm higher than d,). Thus, during operation,
the more uniform the energy, the resulting angle of the
radome may provide an approximate cancellation of en-
ergy reflected back towards the reflector by the radome.
[0127] A shroud configuration having distal mouth
opening that forms an angle relative to the axis of sym-
metry of the parabolic reflector portion of the apparatus
is counterintuitive, as this modification to the shroud is
not optimal, and could allow a greater amount of noise,
because of the asymmetry of the distal opening of the
shroud. This is particularly true when the apparatus is
oriented with shorter side of the shroud facing the ground,
a direction having a greater number of possible sources
ofreflection and interference. Despite these potential dis-
advantages, this orientation may be beneficial in angling
the radome down, e.g., towards the ground (preventing
rain, snow and ice from accumulating on the shroud) and
forming an angle relative to a plane perpendicular to the
axis of symmetry of the parabolic reflector portion. For
example, this design may prevent or reduce the front-to-
back ratio of the apparatus. In the absence of the angled
distal opening, when there is a high degree of rotational
symmetry in the operation of the apparatus, edge signals
that would otherwise wrap around the edge of the distal
opening of the shroud portion may combine in-phase and
point behind the antenna. Having an angled distal open-
ing, in which the shroud has a larger side length on one
side, e.g., the top, compared to an opposite side of the
shroud, e.g., the bottom, may disrupt this backward-di-
rected in-phase constructive interference, and may
therefore improve the front-to-back ratio.

[0128] FIG. 23E illustrates one example of an appara-
tus, and shows an angle 2305 (B) between the plane
formed by the mouth (opening) of the parabolic barrel
reflector and the long axis 2309 of the integrated ra-
dio/feed held within the parabolic barrel reflector. In gen-
eral, this angle may be between 89.5 degrees and 60
degrees, e.g., between 60 degrees and 85 degrees, etc.).
Alternatively, the angle of the distal opening (and there-
fore the angle of any flat radome covering the opening)
may be expressed as relative to a plane that is perpen-
dicular to the axis of symmetry, shown as o in FIG. 23E.
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[0129] FIG. 24 shows anenlarged view of one variation
of amount portion of an apparatus such as the one shown
in FIGS. 16A-16E, which may be used to mount the ap-
paratus to a post, tower, or the like. This variation of a
mount has two parts; a first mount portion that attaches
to the back (or through) the parabolic reflector region of
the parabolic antenna reflector apparatus, and a second
part (second mount portion) that can couple with the first
mount portion may also include attachments (e.g., bolt
attachments or bolts) to a pole, stand, tower, or other
surface.

[0130] FIG. 25is an exploded view of the apparatus of
FIGS. 23A-23E, showing the component parts, including
the parabolic barrel reflector, two mount portions, an in-
tegrated radio/feed, and a holder for the integrated ra-
dio/feed. This exploded view may also provide insight
into how the apparatus may be assembled for operation.
For example, the apparatus may be initially assembled
by attaching an integrated radio transceiver and feed
through the wall (e.g., the central region) of the apparatus
so that it is secured held in the holder and extends into
the cavity formed by the concave side of the apparatus,
which is also shielded to prevent leakage/back transmis-
sion of RF signals from the receiver. The holder, may
support the integrated radio transceiver and feed aligned
with (e.g., pointing in the same direction as) the central
axis of symmetry of the parabolic dish portion. FIGS. 26A-
2F show the same elements (though in different embod-
iments) shown in the exploded view of FIG. 25. FIG. 26A
shows a parabolic barrel reflector of FIG. 25, including
the central opening and attachment sites for the mount
and/or holder described herein. FIGS. 26B and 26C show
front and back views, respectively, the bracket mount of
FIG. 25.

[0131] In general, the holder mounted to the back of
the apparatus may include shielding to prevent or de-
crease transmission of RF energy from the integrated
radio transceiver and feed out of the back of the appa-
ratus. For example, as described in reference to FIGS.
18, 19F (e.g., holderl807), 26F, and 30A, a holder may
be mounted behind the apparatus and may be used to
hold, align and partially shield an integrated radio trans-
ceiver and feed. The integrated radio transceiver and
feed may be positioned through a reflector (e.g., para-
bolic reflector) and held with the transceiver and and/or
any sub-reflector within the housing partially through a
hole in the reflector and secured by a holder so that the
integrated radio transceiver and feed is aligned relative
to the axis of the reflector. The holder may be shielded
as described herein, to absorb and/or reflect RF energy;
for example, the holder (inside and/or outside) may be
coated with an RF reflecting and/or absorbing material,
such as a plating of copper and nickel plating to prevent,
limit or weaken back-directed RF energy.

[0132] Any of the antenna apparatuses described
herein includes a holder for holding/securing/aligning an
integrated radio transceiver and feed. Described herein
are antenna reflector apparatuses (e.g., parabolic anten-



41 EP 3 207 592 B1

na reflector apparatuses) comprising: a (e.g., parabolic)
reflector section having a central axis of symmetry and
a circular opening perpendicular to the central axis of
symmetry; an integrated radio transceiver and feed com-
prising an elongate housing enclosing a substrate, trans-
ceiver circuitry on the substrate, and an antenna radiator
extending from the substrate; a central opening through
the parabolic reflector section through which the integrat-
ed radio transceiver and feed passes (which may be,
e.g., greater than 3 cm in diameter); and a holder mount-
ed on a proximal side of the central opening so the central
opening is continuous with an inner chamber within the
holder, wherein the inner chamber secures the integrated
radio transceiver and feed (e.g., so that the integrated
radio transceiver and feed is aligned with the central axis
of symmetry). Thus, also described herein are dish an-
tennas with an integrated feed/transceiver where the
proximal end of the feed is located pass the center of the
dish (protruding from the back side of the dish) and the
proximal end of the feed is at least partially shielded to
prevent RF interference. The dish antenna is not limited
to one with a shroud (e.g., the dish antenna may be a
traditional parabolic dish with no shroud, oragrid antenna
dish).

[0133] Aswillbe describedin greater detail herein, any
of the antenna apparatuses described herein includes
an integrated radio transceiver and feed comprising an
elongate housing enclosing a substrate, transceiver cir-
cuitry on the substrate, an antenna radiator extending
from the substrate. The antenna radiator may include an
antenna feed (such as, but not limited to a feed pin, feed
plate, etc.) and in some variations a director (e.g., such
as a director pin, director plate, etc.). In some variations,
the antenna radiator includes a sub-reflector that is also
in communication with the substrate.

[0134] The mounting bracket(s) shown in FIGS. 26A-
B and 26C are adapted to allow the antenna apparatus
to be conveniently mounted (e.g., hung on a wall, post,
mount, etc.). For example, in FIG. 26B, the plate may
include multiple notches 2609 on the plate of the mount
shown FIG. 26B allow the installer to "hang" a dish (which
is secured to the plate 2617 in 26B) onto the bracket in
FIG. 26C (which may already be secured onto a pole);
the two notches on the plate in FIG. 26B may correspond
(and mate with) to protrusions 2615 on the inner service
of the U shaped bracket in FIG. 26C. An installer can
than tiltthe disk to the desired angle relative to the bracket
shown in FIG. 26C, and secure the antenna in place (and
orientation), e.g., using screws or other securements to
secure and lock the antenna apparatus in place. The
mount formed by the plate shown in 26B and bracket in
26Cis animprovement over other configurations in which
an installer had to hold the dish, along with the mount,
while trying to align screw holes on the plate (shown in
FIG. 26B) and the bracket (shown in FIG. 26C), and then
place the screws to secure the dish to the bracket.
[0135] FIG. 26D shows an example of an integrated
radio/feed, as described herein, and FIGS. 26E shows
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the integrated radio/feed of FIG. 26D with the cover re-
moved (exposing the circuitry and feed body. FIG. 26F
shows the holder (e.g., housing) for an integrated ra-
dio/feed such as the one shown in FIG. 26D, keyed to
maintain the orientation of the radio/feed in the parabolic
barrel reflector.

[0136] Insome variations assembly of the apparatuses
described herein may be performed by first mounting the
apparatus to a post, pole, tower or other surface (wall,
etc.). For example, he mount may be a two-part mount;
the first part, a second mount apparatus (of 4). May be
first attached (in the lightweight form) to the pole, post,
tower or other surface and the first mount portion may
be secured to the body of the apparatus. Thereafter, the
first and second mount pieces may be joined to form a
single mount. The first and second mount may be welded
together, and/or held together by screws, bolts, etc. In
some variations, once the main body of the apparatus is
connected and attached to a mount, aradome cover may
be applied. In the variation shown in FIGS. 27A-28C, the
radome includes a channel or other edge reason that
may engage with an outer edge of the distal opening
(mouth) of the shroud portion. FIG. 27A shows the back
side of a radome as described herein. The edge of the
radome may include a rim or lip that is flattened over a
region on either side, so that the flattened regions may
be held within the track, channel or the like of the radome.
FIG. 27B shows a front view of the radome of FIG. 27A,
and FIG. 27C shows an enlarged back perspective view,
including the channels integrated radio transceiver and
feed that are along an outer side region for engaging with
the rim of the apparatus. FIG. 27A shows a parabolic
barrel reflector for an antenna apparatus, similar to that
shown in FIGS. 23A-26A. This variation is adapted so
thatthe radome may slide over the mouth of the parabolic
barrelreflector. FIG. 27B is an example of aradome (cov-
er) adapted to slide and attached over the mouth of the
parabolic barrel reflector such as the one shown in FIG.
27A. FIG. 27C is an enlarged perspective view of the
radome of FIG. 27B, showing the rim region that is adapt-
ed to slide over the mouth of the parabolic barrel reflector.
[0137] FIGS. 28A and 28B illustrate attachment of the
radome of FIG. 27B-27C over the mouth of the parabolic
barrel reflector of FIG. 27A by sliding 2803 the cover from
the top, down the flattened slides (perpendicular to the
top, which is marked, e.g., by a cut-out region 2805) and
over the mouth of the combined parabolic reflector and
shroud.

[0138] FIG. 29A shows an example of an apparatus
including an integrated radio/feed device that is secured
inthe parabolic barrelreflector using arear housing (hold-
er or receiver) that is shown in greater detail in FIG. 29B;
the receiver is metal plated within the housing to prevent
passage of RF energy (e.g., microwave energy) from the
back of the apparatus when holding the integrated ra-
dio/feed. For example, the rear housing may include a
copper and nickel plating to prevent, limit or weaken
back-directed RF energy.
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[0139] In operation the apparatuses described herein
may direct substantially more, higher-power signals in a
predetermined desired direction (e.g., in parallel with the
axis of symmetry). FIG. 30A shows an energy profile
through a radio apparatus having a parabolic reflector,
using an integrated radio/feed device. FIG 30B shows
the same integrated radio/feed device within a parabolic
barrel reflector similar to those described herein, which
act as RF isolators, showing a greater energy near the
midline of the apparatus, exiting the mouth of the appa-
ratus, compared to a parabolic reflector without an inte-
grated shroud region. The thermal plot shows a range of
field energies from 2e-2 (behind the apparatus) to a high
of 2e+2.

[0140] FIG. 31 illustrates an example of a radio appa-
ratusincluding an integrated radio/feed within a parabolic
barrel reflector and mounted to a pole via the mounts.
As discussed above, the apparatus may be directed for
use in point-to-point or point-to-multipoint transmission.
In FIG. 31, the apparatus is aimed for transmission to the
horizon, parallel to the ground region beneath the appa-
ratus, while it appears to be directed downwards based
on the direction of the radome cover.

[0141] FIGS. 32 and 33illustrate exemplary integrated
radio transceiver and feeds that may be used with any
of the apparatuses described herein. An integrated radio
transceiver and feed may generally include a radio trans-
ceiver, an antenna (sub-antenna), an antenna feed
mechanism, and the necessary RF connections (includ-
ing cabling) to connect these elements. An integrated
radio transceiver and feed may comprises the radio
transceiver integrated with the antenna feed mechanism
and the antenna conductors. Many benefits result from
this integration, including the elimination of RF cabling
and connectors. The antenna feed assembly may com-
prise connectivity for a digital signal interface; antenna
feed pins, director pins and sub-reflectors. Typically,
these elements may be located on a printed circuit board
(PCB) and housed in weather proof housing. An integrat-
ed radio transceiver and feed may include one or more
antenna feed pins, the one or more director pins and the
one or more sub-reflectors. The integrated radio trans-
ceiver and feed may include the antenna feed system,
its associated housing, and a parabolic sub-reflector, and
may be used with any of the parabolic antenna reflector
apparatuses described herein. By mounting the antenna
feed pins and director pins perpendicular to a printed
circuit board within the integrated radio transceiver and
feed, the performance of the antenna system may be
significantly improved.

[0142] Any of these integrated radio transceiver and
feeds may include a center fed parabolic reflector (sub-
reflector) and aradio transceiver, wherein the radio trans-
ceiveris physically integrated with a center feed parabolic
reflector, and wherein the radio transceiver is powered
through a digital cable. Many benefits result from this
integration, including the elimination of RF cabling and
connectors in the microwave system. In one embodi-
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ment, the antenna feed assembly may further comprise
connectivity for a digital signal interface; antenna feed
pins, director pins and sub-reflectors. Typically, these el-
ements are located on a printed circuit board and housed
in weather proof housing.

[0143] A radio transceiver may have a connector for
an Ethernet cable that receives not only the digital sig-
nals, but also the power for the radio transceiver and the
center fed reflector. The Ethernet cable may couple to a
passive adapter, which in trims couples to a client station,
wherein the passive adapter is powered by a USB cable
that is also coupled to the client station. The passive
adapter may inject power in the portion of the Ethernet
cable that couples to the radio transceiver. The length of
the Ethernet cable may be selected such that there is
sufficient power to support the radio transceiver and to
support the transmission of the digital signal to the radio
transceiver. This embodiment may support a radio trans-
ceiver that incorporates a radio gateway with OSI layer
1-7 capabilities.

[0144] An integrated radio transceiver and feed may
have a connector for a USB cable that receives not only
the digital signals, but also the power for the radio trans-
ceiver and the center fed parabolic reflector. The USB
cable may couple to a USB repeater, which in turns cou-
ples to a client station. The length of the USB cables may
be selected such that there is sufficient power to support
the radio transceiver and to support the transmission of
the digital signal to the radio transceiver. This embodi-
ment may support a radio transceiver that incorporates
a USB client controller, e.g., supporting OSI layer 1-3.
Although described in the context of an IEEE 802.11 Wi-
Fi microwave system, the systems disclosed herein may
be generally applied to any wireless network.

[0145] A parabolic reflector (or sub-reflector) is gener-
ally a parabola-shaped reflective device, used to collect
or distribute energy such as radio waves. The parabolic
reflector typically functions due to the geometric proper-
ties of the paraboloid shape: if the angle of incidence to
the inner surface of the collector equals the angle of re-
flection, then any incoming ray that is parallel to the axis
of the dish will be reflected to a central point, or "locus".
Because many types of energy can be reflected in this
way, parabolic reflectors can be used to collect and con-
centrate energy entering the reflector at a particular an-
gle. Similarly, energy radiating from the "focus" to the
dish can be transmitted outward in a beam that is parallel
to the axis of the dish. An antenna feed may include an
assembly that comprises the elements of an antenna
feed mechanism, an antenna feed conductor, and an as-
sociated connector. An antenna feed system may include
an antenna feed and a radio transceiver. A classical an-
tenna system typically includes an antenna feed and an
antenna, such as a parabolic reflector. In an integrated
radio transceiver and feed, aradio transceiver is typically
integrated with the antenna feed, so the antenna system
comprises an antenna feed system and an antenna. A
center-fed parabolic reflector may include a parabolic re-
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flector, and an antenna feed, wherein the signal to the
antennafeed is "feed" through the center of the parabolic
antenna. A microwave system is typically a system com-
prising an antenna system, a radio transceiver, and one
or more client station devices. The radio transceiver may
be integrated with the antenna system.

[0146] FIG. 32 illustrates an exemplary integrated ra-
dio transceiver and feed 200. As illustrated, the functions
of the radio transceiver may be integrated with the func-
tions of the antenna feed conductor, and the functions of
the conventional antenna feed mechanism. The integrat-
ed radio transceiver and feed 200 shown in FIG. 32 may
be located in the same position relative to a reflective
antenna as a conventional antenna feed mechanism.
The integrated radio transceiver and feed 200 may be
assembled on a common substrate, which may be a mul-
ti-layer printed circuit board 208. The integrated radio
transceiver and feed 200 comprises a digital connector
201. This digital connector 201 may be an Ethernet or
USB connector or other digital connector. A digital signal
from a client station may be coupled to the digital con-
nector 201 on a digital cable. To power the radio trans-
ceiver in the integrated radio transceiver and feed, the
digital cable may include a power component. The power
componentmay be provided on an Ethernet cable,a USB
cable, or other equivalent digital cable.

[0147] FIG. 33 illustrates another example of an inte-
grated radio transceiver and feed 300 comprising a hous-
ing with an antenna tube 303. The housing may be a
weather-proof housing such as a plastic housing 301 that
encloses the elements of the integrated radio transceiver
and feed. An integrated radio transceiver and feed may
include a digital connector 201, printed circuit board 208,
antenna feed pins 205, director pins 206, and sub-reflec-
tor 207. In FIG. 33, the sub-reflector 207 reflects radiated
waves 302 back towards a reflective antenna (such as
the parabolic antenna reflector apparatuses described
above). The housing 301 may conform to the shape of
sub-reflector 207. As an option, a plastic housing 301
may permit interchangeability of the sub-reflector 207.
[0148] The tube 303 may be adjusted to various
lengths in order to accommodate reflectors of different
sizes. A digital cable, equivalent to digital cable 111, may
be routed through the tube 303 and connected to digital
connector 201. Digital connector 201 may have a weath-
erized connector, such as a weatherized Ethernetor USB
connector.

[0149] Referring back to FIG. 32, the digital connector
201 may be coupled to a radio transceiver 203 via con-
ductor 202. Conductor 202 may be implemented by a
metal by a metal connector on a printed circuit card 208.
A radio transceiver 203 may generate an RF signal that
is coupled to an antenna feed conductor 204, which in
turn couples to antenna feed pins 205. The antenna feed
pins 205 radiate the RF signal 103 to an antennareflector.
However, the radiated signal may be modified and en-
hanced by the director pins 206 and the sub-reflectors
207.
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[0150] As illustrated in FIG. 32, the antenna feed pins
205 comprise two pins that are located on opposite sides
of the printed circuit card, and the pins are electrically
connected together. The antenna feed pin may imple-
ment a half wave length dipole. However, the inclusion
of the director pins 206 and the sub-reflector 207 may
modify away from that of a half-wave length dipole. The
director pins 206 are known in the industry as passive
radiators or parasitic elements. These elements do not
have any wired input. Instead, they absorb radio waves
that have radiated from another active antenna element
in proximity, and re-radiate the radio waves in phase with
the active element so that it augments the total transmit-
ted signal. An example of an antenna that uses passive
radiatorsis the Yagi, which typically has areflector behind
the driven element, and one or more directors in front of
the driven element, which act respectively like the reflec-
tor and lenses in a flashlight to create a "beam". Hence,
parasitic elements may be used to alter the radiation pa-
rameters of nearby active elements.

[0151] The director pins 206 may be electrically isolat-
ed in the integrated radio transceiver and feed 200. Al-
ternatively, the director pins 206 may be grounded. For
the exemplary embodiment, the director pins 206 com-
prise two pins that are inserted through the PCB 208 such
that two pins remain are each side of PCB 208, as illus-
trated in FIG. 32. In the exemplary embodiment, the di-
rector pins 206 and the antenna feed pins 205 are mount-
ed perpendicular to the printed circuit board 208. Further,
these pins may be implemented with surface mounted
(SMT) pins.

[0152] The perpendicular arrangement of the director
pins 206 and the antenna feed pins 205 may allow the
transmission of radio waves to be planar to the integrated
radio transceiver and feed 200. In this arrangement, the
electric field is tangential to the metal of the PCB 208
such that at the metal surface, the electric field is zero.
Thus the radiation from the perpendicular pins has a min-
imal impact upon the other electronic circuitry on PCB
208. Hence, approximately equal F and H plane radiation
patterns are emitted that provide for effective illumination
of the antenna, thus increasing the microwave system
efficiency.

[0153] The radiation pattern and parameters are addi-
tionally modified by the sub-reflector antenna 207 that is
located near the antenna feed pins 205. As illustrated in
FIG. 33, the sub-reflector "reflects" radiation back to a
reflective antenna such as a parabolic antenna reflector
apparatus described above (not shown in FIG. 33). Both
the director pins and the sub-reflector modify the antenna
pattern and beam width, with the potential of improving
the microwave system performance.

[0154] As for additional details pertinent to the present
invention, materials and manufacturing techniques may
be employed as within the level of those with skill in the
relevant art. The same may hold true with respect to
method-based aspects of the invention in terms of addi-
tional acts commonly or logically employed. Also, it is
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contemplated that any optional feature of the inventive
variations described may be set forth and claimed inde-
pendently, or in combination with any one or more of the
features described herein.

[0155] When afeature or element is herein referred to
as being"on" another feature or element, it can be directly
on the other feature or element or intervening features
and/or elements may also be present. In contrast, when
a feature or element is referred to as being "directly on"
another feature or element, there are no intervening fea-
tures or elements present. It will also be understood that,
when a feature or element is referred to as being "con-
nected", "attached" or "coupled" to another feature or el-
ement, it can be directly connected, attached or coupled
to the other feature or element or intervening features or
elements may be present. In contrast, when a feature or
element is referred to as being "directly connected", "di-
rectly attached" or "directly coupled" to another feature
or element, there are no intervening features or elements
present. Although described or shown with respect to
one embodiment, the features and elements so de-
scribed or shown can apply to other embodiments. It will
also be appreciated by those of skill in the art that refer-
ences to a structure or feature thatis disposed "adjacent"
another feature may have portions that overlap or under-
lie the adjacent feature.

[0156] Terminology used herein is for the purpose of
describing particular embodiments only and is notintend-
ed to be limiting of the invention. For example, as used
herein, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
that the terms "comprises" and/or "comprising," when
used in this specification, specify the presence of stated
features, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of
one or more other features, steps, operations, elements,
components, and/or groups thereof. As used herein, the
term "and/or" includes any and all combinations of one
or more of the associated listed items and may be ab-
breviated as "/".

[0157] Spatially relative terms, such as "under”, "be-
low", "lower", "over", "upper" and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass dif-
ferent orientations of the device in use or operation in
addition to the orientation depicted in the figures. For
example, if a device in the figures is inverted, elements
described as "under" or "beneath" other elements or fea-
tures would then be oriented "over" the other elements
or features. Thus, the exemplary term "under" can en-
compass both an orientation of over and under. The de-
vice may be otherwise oriented (rotated 90 degrees or
atother orientations) and the spatially relative descriptors
used herein interpreted accordingly. Similarly, the terms

"upwardly", "downwardly", "vertical", "horizontal" and the
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like are used herein for the purpose of explanation only
unless specifically indicated otherwise.

[0158] Although the terms "first" and "second" may be
used herein to describe various features/elements (in-
cluding steps), these features/elements should not be
limited by these terms, unless the context indicates oth-
erwise. These terms may be used to distinguish one fea-
ture/element from another feature/element. Thus, a first
feature/element discussed below could be termed a sec-
ond feature/element, and similarly, a second feature/el-
ement discussed below could be termed a first feature/el-
ement without departing from the teachings of the
present invention.

[0159] As used herein in the specification and claims,
including as used in the examples and unless otherwise
expressly specified, all numbers may be read as if pref-
aced by the word "about" or "approximately," even if the
term does not expressly appear. The phrase "about" or
"approximately” may be used when describing magni-
tude and/or position to indicate that the value and/or po-
sition described is within a reasonable expected range
of values and/or positions. For example, a numeric value
may have a value that is +/- 0.1% of the stated value (or
range of values), +/- 1% of the stated value (or range of
values), +/- 2% of the stated value (or range of values),
+/- 5% of the stated value (or range of values), +/- 10%
of the stated value (or range of values), etc. Any numer-
ical range recited herein is intended to include all sub-
ranges subsumed therein.

[0160] Although various illustrative examples and em-
bodiments are described above, any of a number of
changes may be made to various examples and embod-
iments within the scope of the appended claims. For ex-
ample, the order in which various described method
steps are performed may often be changed in alternative
examples and embodiments, and in other alternative ex-
amples and embodiments one or more method steps
may be skipped altogether. Optional features of various
device and system examples and embodiments may be
included in some examples and embodiments and not in
others. Therefore, the foregoing description is provided
primarily for exemplary purposes.

Claims
1. An antenna apparatus comprising:

an antenna reflector (6) comprising a central
opening;
a choke shroud apparatus (5) comprising:

a cylindrical wall (1301) encircling a central
axis (15), the cylindrical wall forming a distal
end and a proximal end of the choke shroud
apparatus (5), wherein the distal and prox-
imal ends are configured to allow radio fre-
quency, RF, electromagnetic radiation to
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pass through while the cylindrical wall
(1301) is configured to attenuate, reflect or
to attenuate and reflect RF electromagnetic
radiation, the proximal end configured to be
mounted at a forward open end of the an-
tennareflector (6) for modifying electromag-
netic radiation to and from the antenna re-
flector (6);

aradome (89, 1306) closing the distal end;
and

a choke boundary region on a perimeter of
the cylindrical wall (1301), the choke bound-
ary region comprising a plurality of ridges
and channels extending along a direction
parallel to the central axis from the cylindri-
calwall (1301) at the distal end, wherein the
ridges are spaced concentrically from each
other, the spacing between the ridges are
different and further wherein the choke
boundary region is configured to attenuate
RF electromagnetic radiation to or from the
antenna reflector (6) when the choke
shroud apparatus is mounted on the anten-
na reflector;

a securing hoop (1505) configured to be tight-
ened to lock the cylindrical wall over the open
mouth of the antenna reflector (6) by securing a
screw (1504);

an integrated radio transceiver and feed (1901)
configured to pass through the central opening
of the antenna reflector and extend within the
antenna reflector and choke shroud apparatus;
and

a holder (1807) mounted to the central opening
of the antenna reflector and enclosing at least a
portion of the integrated radio transceiver and
feed (1901), the holder configured to prevent
transmission of RF energy out of the central
opening and from a back of the integrated radio
transceiver and feed, and the integrated radio
transceiver and feed (1901) configured to be
keyed within an inner region (1877) of the holder
to maintain an orientation of the integrated radio
transceiver and feed (1901) with respect to the
antenna reflector.

The antennaapparatus of claim 1, wherein the choke
boundary region overlies the cylindrical wall (1301).

The antenna apparatus of claim 1, wherein a proxi-
mal end of the cylindrical wall (1301) is configured
to attach to a rim of the antenna reflector at the for-
ward open end of the reflector.

The antenna apparatus of claim 1, wherein the chan-
nels of the choke boundary region extend to a plu-
rality of different depths.
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The antenna apparatus of claim 1, wherein the ridges
of the choke boundary region extend to a plurality of
different heights.

The antenna apparatus of claim 1, wherein the chan-
nels between adjacent ridges are between 18.8 mm
and 9.4 mm deep.

The antenna apparatus of claim 1, wherein the choke
boundary region is configured to provide greater than
10 dBisolationrelative to an antenna apparatus with-
out the choke boundary region.

The antenna apparatus of claim 1, wherein the choke
boundary region is configured to suppress propaga-
tion of radio waves having a frequency between 9
GHz and 41 GHz.

Patentanspriiche

Antennenvorrichtung, umfassend:

einen Antennenreflektor (6), der eine zentrale
Offnung umfasst;

eine Drosselabdeckungsvorrichtung (5), umfas-
send:

eine zylindrische Wand (1301), die eine Mit-
telachse (15) umgibt, wobei die zylindrische
Wand ein distales Ende und ein proximales
Ende der Drosselabdeckungsvorrichtung
(5) bildet, wobei das distale und proximale
Ende konfiguriert sind, um zuzulassen,
dass elektromagnetische Hochfrequenz
(HF) -strahlung hindurchverlauft, wahrend
die zylindrische Wand (1301) konfiguriert
ist, um elektromagnetische HF-Strahlung
zu dampfen, zu reflektieren oder zu damp-
fen und zu reflektieren, wobei das proximale
Ende konfiguriertist, um an einem vorderen
offenen Ende des Antennenreflektors (6)
zum Modifizieren von elektromagnetischer
Strahlung zu und von dem Antennenreflek-
tor (6) montiert zu sein;

ein Radom (89, 1306), das das distale Ende
verschlief3t; und

einen Drosselbegrenzungsbereich an ei-
nem Umfang der zylindrischen Wand
(1301), wobei der Drosselbegrenzungsbe-
reich eine Vielzahl von Rippen und Kanalen
umfasst, die sich entlang einer Richtung pa-
rallel zu der Mittelachse von der zylindri-
schen Wand (1301) an dem distalen Ende
erstrecken, wobei die Rippen konzentrisch
voneinander beabstandet sind, wobei die
Abstdnde zwischen den Rippen unter-
schiedlich sind und wobei ferner der Dros-
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selbegrenzungsbereich konfiguriert ist, um
elektromagnetische HF-Strahlung zu oder
von dem Antennenreflektor (6) zu dampfen,
wenn die Drosselabdeckungsvorrichtung
an dem Antennenreflektor montiert ist;

einen Sicherungsreif (1505), der konfiguriert ist,
um angezogen zu werden, um die zylindrische
Wand uber die gedffnete Miindung des Anten-
nenreflektors (6) durch Befestigen einer Schrau-
be (1504) zu schlieRen;

ein integriertes Funkgerat und eine Zuleitung
(1901), die konfiguriert sind, um durch die zen-
trale Offnung des Antennenreflektors zu verlau-
fen und sich in den Antennenreflektor und die
Drosselabdeckungsvorrichtung zu erstrecken;
und

eine Halterung (1807), die an der zentralen Off-
nung des Antennenreflektors montiert ist und
mindestens einen Abschnitt des integrierten
Funkgerats und der Zuleitung (1901) umhiillt,
wobei die Halterung konfiguriert ist, um die
Ubertragung von HF-Energie aus der zentralen
Offnung und von einer Riickseite des integrier-
ten Funkgeratsund der Zuleitung zu verhindern,
und wobei das integrierte Funkgerat und die Zu-
leitung (1901) konfiguriert sind, um in einem in-
neren Bereich (1877) der Halterung verkeilt zu
sein, um eine Ausrichtung des integrierten
Funkgerats und der Zuleitung (1901) in Bezug
auf den Antennenreflektor aufrechtzuhalten.

Antennenvorrichtung nach Anspruch 1, wobei der
Drosselbegrenzungsbereich die zylindrische Wand
(1301) Uberlagert.

Antennenvorrichtung nach Anspruch 1, wobei ein
proximales Ende der zylindrischen Wand (1301)
konfiguriert ist, um an einen Rand des Antennenre-
flektors an dem vorderen offenen Ende des Reflek-
tors befestigt zu sein.

Antennenvorrichtung nach Anspruch 1, wobei sich
die Kanale des Drosselbegrenzungsbereichs zu ei-
ner Vielzahl von unterschiedlichen Tiefen erstre-
cken.

Antennenvorrichtung nach Anspruch 1, wobei sich
die Rippen des Drosselbegrenzungsbereichs zu ei-
ner Vielzahl von unterschiedlichen Tiefen erstre-
cken.

Antennenvorrichtung nach Anspruch 1, wobei die
Kanale zwischen benachbarten Rippen zwischen
18,8 mm und 9,4 mm tief sind.

Antennenvorrichtung nach Anspruch 1, wobei der
Drosselbegrenzungsbereich konfiguriert ist, um
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mehr als 10 dB Isolation relativ zu einer Antennen-
vorrichtung ohne den Drosselbegrenzungsbereich
bereitzustellen.

Antennenvorrichtung nach Anspruch 1, wobei der
Drosselbegrenzungsbereich konfiguriert ist, um die
Ausbreitung von Funkwellen mit einer Frequenz zwi-
schen 9 GHz und 41 GHz zu unterdriicken.

Revendications

Appareil d’'antenne comprenant:

un réflecteur d’antenne (6) comprenant une
ouverture centrale ;

un appareil de capot d’étranglement (5)
comprenant :

une paroi cylindrique (1301) encerclant un
axe central (15), la paroi cylindrique formant
une extrémité distale et une extrémité proxi-
male de I'appareil de capot d’étranglement
(5), dans lequel les extrémités distale et
proximale sont configurées pour permettre
a un rayonnement électromagnétique ra-
diofréquence, RF, de passer au travers tan-
dis que la paroi cylindrique (1301) atténuer,
réfléchir ou atténuer et réfléchir un rayon-
nement électromagnétique RF, I'extrémité
proximale étant configurée pour étre mon-
tée au niveau d'une extrémité ouverte avant
du réflecteur d’antenne (6) afin de modifier
un rayonnement électromagnétique depuis
et vers le réflecteur d’antenne (6) ;

un radome (89, 1306) fermant I'extrémité
distale ; et

une région de limite d’étranglement sur un
périmetre de la paroi cylindrique (1301), la
région de limite d’étranglement comprenant
une pluralité de nervures et de sillons
s’étendant suivant une direction parallele a
'axe central depuis la paroi cylindrique
(1301) au niveau de l'extrémité distale,
dans lequel les nervures sont espacées de
maniere concentrique les unes des autres,
'espacement entre les nervures étant diffé-
rent et en outre dans lequel la région de
limite d’étranglement est configurée pour
atténuer un rayonnement électromagnéti-
que RF depuis ou vers le réflecteur d’anten-
ne (6) lorsque l'appareil de capot d’étran-
glement est monté sur le réflecteur
d’antenne ;

un arceau d’arrimage (1505) configuré pour
étre resserré afin de verrouiller la paroi cy-
lindrique sur 'embouchure ouverte du ré-
flecteur d’antenne (6) par arrimage d’'une
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vis (1504) ;

une module de radio-émetteur-récepteur et
source d’excitation intégré (1901) configuré
pour passer a travers 'ouverture centrale
du réflecteur d’antenne et s’étendre au sein
du réflecteur d’antenne et de I'appareil de
capot d’étranglement ; et

un dispositif de maintien (1807) monté sur
'ouverture centrale du réflecteur d’antenne
et renfermant au moins une portion du mo-
dule de radio-émetteur-récepteur et source
d’excitation intégré (1901), le dispositif de
maintien étant configuré pour empécher
une transmission d’énergie RF hors de
'ouverture centrale et depuis un arriere du
module de radio-émetteur-récepteur et
source d’excitation intégré, et le module de
radio-émetteur-récepteur et source d’exci-
tation intégré (1901) étant configuré pour
étre claveté au sein d’'une région interne
(1877) du dispositif de maintien pour con-
server une orientation du module de radio-
émetteur-récepteur et source d’excitation
intégré (1901) vis-a-vis du réflecteur d’an-
tenne.

Appareil d’antenne selon la revendication 1, dans
lequel la région de limite d’étranglement surmonte
la paroi cylindrique (1301).

Appareil d’antenne selon la revendication 1, dans
lequel une extrémité proximale de la paroi cylindri-
que (1301) est configurée pour s’attacher a un re-
bord du réflecteur d’antenne au niveau de I'extrémité
ouverte avant et du réflecteur.

Appareil d’antenne selon la revendication 1, dans
lequel les sillons de la région de limite d’étrangle-
ment s’étendent a une pluralité de profondeurs dif-
férentes.

Appareil d’antenne selon la revendication 1, dans
lequel les nervures de la région de limite d’étrangle-
ment s’étendent a une pluralité de hauteurs différen-
tes.

Appareil d’antenne selon la revendication 1, dans
lequel les sillons entre des nervures adjacentes ont
une profondeur entre 18,8 mm et 9,4 mm.

Appareil d’antenne selon la revendication 1, dans
lequel la région de limite d’étranglement est confi-
gurée pour assurer une isolation supérieure a 10 dB
par rapport a un appareil d’antenne sans la région
de limite d’étranglement.

Appareil d’antenne selon la revendication 1, dans
lequel la région de limite d’étranglement est confi-
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gurée pour supprimer une propagation d’'ondes radio
ayant une fréquence entre 9 GHz et 41 GHz.
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