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Description
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims priority to: U.S.
provisional patent application no. 61/762,800, titled
"HOUSING AND MOUNT SYSTEM FOR BROADBAND
WIRELESS RADIO/ANTENNA," filed on 2/8/2013; U.S.
provisional patent application no. 61/874,907 titled "RA-
DIO SYSTEM FOR HIGH-SPEED WIRELESS COMMU-
NICATION", filed on 9/6/2013; U.S. provisional patent
application no.61/888,428, titled "RADIO SYSTEM FOR
HIGH-SPEED WIRELESS COMMUNICATION", filed on
10/8/2013; and U.S. provisional patent application no.
61/920,416, titled "RADIO SYSTEM FOR HIGH-SPEED
WIRELESS COMMUNICATION", filed on 12/23/2013,
each of which is herein incorporated by reference in its
entirety.

INCORPORATION BY REFERENCE

[0002] All publications and patent applications men-
tioned in this specification are herein incorporated by ref-
erence in their entirety to the same extent as if each in-
dividual publication or patent application was specifically
and individually indicated to be incorporated by refer-
ence.

FIELD

[0003] The apparatuses (devices and systems) and
methods of making and using them described herein re-
late generally to wireless radio and antenna devices that
are configured to form part of a broadband wireless sys-
tem for use as part of a system for accessing the internet,
even in relatively remote regions. The wireless transmis-
sion stations described herein may be configured for in-
door, outdoor, or indoor and outdoor use.

BACKGROUND

[0004] Bundled media services (e.g., combination
packages of television, telephone, and broadband inter-
net services) have been successfully offered to house-
holds with wired connections to service provider net-
works. Households in areas without such wired connec-
tions (e.g., customer in regions that cannot be reached
via conventional communication media, such as optical
cables, copper cables, and/or other fixed wire-based
technologies) may rely on fixed wireless services for
some of these services (e.g., broadband access). Fixed
wireless services can be made more attractive to cus-
tomers by effectively leverage existing customer premis-
es equipment (CPE).

[0005] In particular, there is a growing need to develop
systems to deliver broadband to remote and under-
served regions, for which traditional broadband (e.g.,
wired or cabled delivery) is not available or possible. To

10

15

20

25

30

35

40

45

50

55

date, delivering high performance networking in unders-
erved and underpenetrated regions has been challeng-
ing because of the lack of durable and powerful systems,
including antenna-based systems, capable of operating
with sulfficient flexibility to provide point-to-point as well
as point-to-multipoint communication between client sta-
tions (e.g., home or business locations) and an internet
service provider, including wireless internet service pro-
viders.

[0006] To keep cost the costs of such devices down,
so that they may be provided to even underserved com-
munities at a reasonable price, such antenna must be
both reliable and also easy to manufacture, and easy to
use. In addition, these antennas must have a sufficiently
large bandwidth in an appropriate band. Further, the de-
vices must be compact, yet have minimal line radiation
and other sources of noise.

[0007] Ideally, such systems would include user-
friendly devices including amplifying, broadband radi-
os/antenna that are robust (including for use in outdoor
regions), and easy to install and use. Described herein
are devices and systems that may address the issue
raised above.

SUMMARY OF THE DISCLOSURE

[0008] The presentinvention relates generally to wire-
less transmission stations, including wireless broadband
radio devices. These apparatuses, including devices and
systems, may be wireless broadband access devices
that are configurable as a point-to-point or point-to-
multipoint stations.

[0009] These apparatuses may include an array an-
tenna and control circuitry configured to control transmis-
sion and receipt of broadband information to and from
an antenna. In general, an array antenna, which may
also be referred to as a patch array antenna or patch
antenna, may be formed of a plurality of antennaradiating
elements each having a radiating surface. The antenna
arrays described herein may also be configured and/or
referred to as planar antennas or planar array antennas.
[0010] The control circuitry of the wireless transmis-
sion stations may be adapted to operate with an array
antenna using a layered printed circuit board that mini-
mizes impedance mismatch. The wireless transmission
stations may also include a housing having a mount (e.g.,
bracket mount) for adjustably connecting the apparatus
to a bracket that can be connected to a pole, wall, stand
or any other surface. The housing may be adapted to
allow the apparatus to be aimed, e.g., towards another
wireless broadband access apparatus, and the housing
may also be adapted so that once positioned, it may be
locked into place. In some variations locking the device
in position may irreversibly deform a component to help
retain the positioning. The housing may include one or
more antenna alignment features, including an integrat-
ed spirit (or bubble) level that is part of the outer housing
and may be visible by the person adjusting or positioning
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the apparatus.

[0011] The housing may also permit the display of one
ormoreindicators (e.g., indicating lights, LEDs, etc.) from
within the housing to be visible outside of the housing;
this may permit the device to be operated without com-
promising the housing enclosure (e.g., seal). For exam-
ple, the housing may include a transparent or opaque
region that permits transmission of a visible indicator
(e.g., light) through the housing.

[0012] It should be understood that any of the features
or elements described herein may be used alone or in
conjunction with any of the other features described here-
in, except where noted otherwise. Although the descrip-
tion below be divided up into sections (e.g., describing
the patch antenna, housing, housing mount, etc.), it
should be understood that this is for convenience, and
features described in one section may be used with the
apparatuses and methods described in other sections.
An apparatus may include some or all of these features.
[0013] For example, described herein are wireless
transmission stations that may be configured as ampli-
fying radio and antenna devices for providing wireless
broadband access and data transmission configured for
indoor and/or outdoor use as a point-to-point or point-to-
multipoint station. These devices may include a housing
with an integrated tiltable or tilt-selectable bracket or
mount (or integrated connector to a bracket or mount),
an array antenna having a plurality (e.g., 2, 4, 9, etc.) of
patch antennas (antenna radiating elements) arranged
within the housing. In any of the apparatuses described
herein, the array antenna may have a tiered construction,
having multiple (e.g., discrete) layers. The tiered con-
struction may separate the patch antennas, each com-
prising an antenna radiating element (also referred to as
a patch radiating element or simply radiating element)
into a separate plane or planes from the antenna feed
line (e.g., an antenna feed plate that feed multiple radi-
ating elements, and/or a plurality of feed lines that each
feed one or more radiating element), and a separate
plane than the ground plate. Although in general the array
antennas described herein may include antenna radiat-
ing elements each having a radiating surface, where the
radiating elements are in the same plane, in any of the
variations described herein some or all of the antenna
radiating elements may be positioned in different planes.
In general, the tiered configuration described herein is
an arrangement that may allow the array to be more
closely packed in the xy dimension (e.g., the radiating
elements may be closer to each other than the one-half
wavelength of the wavelength of radiation of the patch
array). Further, any of the patch/array antennas de-
scribed herein may have patch radiating elements with
radiating surfaces that are slightly differently-sized, pre-
venting reflected in-phase energy from interfering with
the operation. In addition to arranging the radiating ele-
ments, feed and ground in different planes (along the z
axis), the use of radiating surfaces having different sizes
is another difference from conventional array (patch) an-
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tennas, which typically have an array of radiating ele-
ments that are all the same sizes. Any of the apparatuses
(device and systems) described herein may also be used
with array antennas having radiating elements that are
the same (or approximately the same) sizes. The location
of any connection to the radiating elements may be off-
center relative to the center of the radiating surface. The
connection to the antenna feed between each radiating
surface and the antenna feed may be made at an edge
of the radiating element, or it may be made at a location
more centrally (though not in the center) of each antenna
feed. The attachment between the antenna feed and the
radiating element may be chosen so that the radiating
elements may be closely arranged.

[0014] Ingeneral, any of the antennas described here-
in may be used for transmission and/or receiving broad-
band data. Thus, any of the radiating elements, including
radiating surfaces may be used both to transmit and to
receive broadband data. In general, unless the context
indicates otherwise, a "transmitter" or a "receiver" may
be referred to as either a transmitter or receiver, or as a
transceiver.

[0015] The apparatuses described herein may gener-
ally be weather and/or water resistant/proof, and may
include one or more controllers for controlling transmis-
sion/reception from the antenna of wireless, broadband
data. The controller may be configured to permit sending
and receiving of wireless broadband signals. The con-
troller may be hardware (e.g., circuitry), software, and/or
firmware (including reprogrammable/reconfigurable cir-
cuitry). For example, the controller may support one or
more of the broadband transmission protocols commonly
used in the industry, such as a time division multiple ac-
cess (TDMA) protocol, or Carrier Sense Multiple Access
(CSMA) protocol, frequency division multiple access
(FDMA), Code Division Multiple Access (CDMA), etc.
These devices may be configured to be positioned out-
side to transmit over intermediate (e.g., <1, 3-5, 5-10,
etc. kilometers) or long (e.g., tens to hundreds of kilom-
eters) ranges as part of a system for wireless broadband
transmission. In some variations, these devices may be
advantageously configured to be powered by power over
Ethernet (PoE) power supplies.

[0016] Asdescribedindetail below, in some variations,
these devices are configured to be used indoors, out-
doors, or outdoors and indoors, and may be adapted for
sustained outdoor use. For example, the devices may be
weatherproof, weather resistant, water proof, water re-
sistant, etc. In some variations, these devices are con-
figured for indoor use, and therefor may be adapted so
that they do not include weather or water resist-
ance/proofing features.

[0017] The array antenna apparatuses described
herein may be referred to as stacked array antennas, or
compact array antennas, because they may be arranged
with tightly packed emitter surfaces above one or more
feed surfaces. Any of these antennas may be used for
high-speed wireless communication, including array an-
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tennas for wireless transmission having an array of emit-
ters/receivers that are compactly arranged above an an-
tenna feed and ground plate. These high gain devices
may be configured to operate in any appropriate band,
such as the 5.15 to 5.85 GHz band and/or the 2.40-2.48
GHz band. The antenna emitters are arranged in a sep-
arate plane (or planes) above an antenna feed connect-
ing the emitting elements to the radio circuitry. The an-
tenna feed is positioned between the emitters and a
ground plane. The antenna array may be configured to
operate with both horizontal and vertical polarization. The
apparatuses may be configured for low impedance mis-
match and may have a high gain relative to a very small
and compact overall shape.

[0018] In general, the patch antennas included as part
of these devices may be referred to as tiered, e.g., having
three or more adjacent planes in which the patch radiating
elements are above or in a first plane that is adjacent
(and above) a second plane including the antenna feed
(or feeds), which is also adjacent to (and above) a third
plane comprising the ground plate/plane. The numbers
used to refer to the planes (e.g. first plane, second plane,
third plane) may be different; in general the patch radi-
ating elements are arranged in the plane (or planes) fur-
thest from the ground plane, with the antenna feeds ar-
ranged in the intermediate plane.

[0019] The patch antenna may also be characterized
as having multiple radiating elements (antenna/patch ra-
diators); some or all of the radiating surfaces correspond-
ing to these antenna radiating elements may be different
shapes and/or sizes. For example, the total surface areas
of the radiating surface of the antenna (e.g., "patch") ra-
diating elements, as well as the dimensions of the anten-
na feeds, may be slightly different from each other (and
may vary from an average or mean size). For example,
the total surface area of the all (or a sub-set) of the patch
radiating elements may differ from the other patch radi-
ating elements by between about 0.01% and about
20.00% (e.g., 0.1% to 20%, 0.1% to 15%, 0.1% to 10%,
0.1% to 5%, 1% to 5%, etc.) of the average surface area.
Thus, for generally rectangular (including square) patch
radiating elements, the width and/or length of each patch
radiating element may be slightly different from each oth-
er and/or from the width and/or length of other patch ra-
diating elementsinthe array. In some variations the width
and/or length (the two dimensions in the plane of the
emitting surfaces) may vary as a percentage of the one-
half wavelength of radiation of the patch antenna. For
example, the width and/or length may independently vary
by less than about 20% (e.g., 15%, 10%, 9%, 8%, 7%,
6%, 5%, 4%, 3%, 2%, 1%) of the one-half wavelength of
radiation of the patch antenna. The wavelength of radi-
ation may itself be a range, and thus the surface area
dimensions of each or a subset (e.g., 25%, 50%, 75%,
100%) of the patch radiating elements may fall within a
range of values. Variations in the sizes of the antenna
emitting elements (as well as in the shapes/sizes of the
antenna feeds) may prevent summation of in-phase re-
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flected energy that could otherwise result in a degrada-
tion of performance of the apparatus. However, some of
the antenna variations described herein include antenna
radiating elements that are approximately the same size
and shape.

[0020] In some variations the radiating surfaces in the
plurality of antenna radiating elements have a number of
different surface areas. For example, the radiating sur-
faces may have different shapes and/or surface areas,
around a particular value; e.g., the diameter of each of
the radiating surfaces may vary relative to each other,
but each one may have a diameter thatis less than about
20.0% of the value of the one-half wavelength of radiation
of the patch antenna. In some variations, the plurality of
patch radiating elements have a plurality of radiating sur-
faces of different surface areas that vary from each other
by between about 0.1% and 20.0%, between about 0.1%
and 10.0%, between about 0.1% and 5.0%, etc.

[0021] Ingeneral, the dimensions and shape of the an-
tenna feeds may be non-uniform. For example, the trace
forming the antenna feed is not limited to straight and/or
parallel lines. In some variations, all or some of the an-
tenna feeds have width that varies along the length,
(where length and width are dimensions in the plane of
the antenna feed). Each antenna feed may have a dif-
ferent surface areainthe third plane. Alternately, different
antenna feeds may have very different shapes, including
regions that are wider or narrower along the length; the
variation may be continuous (e.g., curved or angled sides
of the trace) or they may be continuous (steps). In some
variations, each antenna feed may have a length and a
width extending in the third plane, and wherein for at least
half of the antenna feeds, the width varies along the
length. An antenna feed line, which may also be referred
to herein as a feed line, connector feed line, antenna
feed, and/or microstrip line may refer to the conductive
connector between radiating elements, including lines
over an image plane of the antenna.

[0022] For example, described herein are patch array
antennas comprising: a ground plate in a first plane; a
plurality of antenna radiating elements above the first
plane wherein the antenna radiating elements each have
a radiating surface and these radiating surfaces extend
above the first plane (and wherein the antenna radiating
elements may extend in the same plane or in different
planes); an antenna feed in a third plane between the
first plane and the radiating surfaces; and a plurality of
feed lines extending from the third plane, wherein each
feed line connects an antenna radiating element to the
antenna feed. As mentioned, any of these patch anten-
nas may be configured for use as part of a radio and
antenna device for providing wireless broadband access
configured for use as a point-to-point or point-to-
multipoint station.

[0023] The antenna feed may comprises a plurality of
antenna feed regions in the third plane. The antenna feed
may be a single plate (antenna feed plate). In some var-
iations the antenna feed plate is divided up into different
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regions, e.g., different feed regions. The antenna feed
plate may be cut to provide multiple paths along the
length of the plate, where different regions form different
paths. The antenna feed may generally include two con-
nections, a vertical polarization connection and a hori-
zontal polarization connection.

[0024] If the antenna feed is divided up into antenna
feed regions, these regions may be different shapes and
sizes. For example, an antenna feed may include a plu-
rality of antenna feed regions that each have a length
and a width extending in the third plane, and wherein for
atleast some of the antenna feeds, the width varies along
the length. The antenna feed may comprises a plurality
of antenna feed regions that each have a length and a
width extending in the third plane, and wherein for atleast
half of the antenna feeds, the width varies along the
length.

[0025] As mentioned, in general the antenna feed may
include a vertical polarization feed connection connected
to a first radio connection point, and a horizontal polari-
zation feed connection connected to a second radio con-
nection point.

[0026] Each of the antenna radiating elements is con-
nected to the antenna feed by a feed line that extends
from the plane of the antenna feed to the plane(s) of the
antenna radiating elements. In some variations, the plu-
rality of feed lines comprises a plurality of slant feed lines,
wherein each slant feed line connects one side of an
antenna radiating element to the antenna feed. The slant
feed lines may extend at an angle in the z-axis between
the antenna feed and the antenna radiating element. In
some variations the feed lines extend perpendicular or
substantially perpendicularly (+/- a few degrees of per-
pendicular relative to the third plane) from the antenna
feed to the radiating element.

[0027] For example, the plurality of feed lines in an
apparatus may a plurality of slant feed lines wherein each
slant feed line connects to the edge of one antenna ra-
diating element from the plurality of antenna radiating
elements to the antenna feed, and/or a plurality of cylin-
drical feed lines wherein each cylindrical feed line con-
nects one antenna radiating element from the plurality of
antenna radiating elements to the antenna feed at a po-
sition that is off-center relative to the radiating surface of
the antenna radiating element.

[0028] In general, the antenna feed may be formed of
a single sheet of metal (e.g., conductive metal). The feed
lines may be formed of the same material (e.g., metal).
In some variations the feed lines are fused to the antenna
feed(s) or are integrally formed with the antenna feed(s).
In some variations, the plurality of antenna radiating el-
ements, antenna feed, and plurality of feed lines are each
or are all formed of a single sheet of metal. For example,
the antenna radiating elements, antenna feed(s), and
plurality of slant feed lines are all formed of a single sheet
of tin plated steel, brass, or copper.

[0029] Although the radiating surfaces may typically
extend in a single plane (e.g., the second plane) above,
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and typically parallel with, the first and third planes, in
some variations the radiating surfaces of each antenna
radiating element of the plurality of antenna radiating el-
ements extend in multiple planes above the first plane.
Each of these planes (e.g., the first plane, second plane
and third plane) are distinct and may be separated from
each other by a discrete amount, such as between about
2 and about 20 mm. For example, the first plane may be
separated from the third plane by between about 1 and
about 10 mm, and wherein the second plane is separate
from the third plane by between about 1 and about 10 mm.
[0030] The surface area (e.g., size and surface dimen-
sions) of the radiating elements may be uniform or the
same for all of the antenna radiating elements; in some
variations a surface area of the radiating surface of at
least some of the antenna radiating elements in the plu-
rality of antenna radiating elements may vary relative to
each other by within about 20.0% of an average surface
area of the radiating surfaces in the plurality of antenna
radiating elements. For example, at least some of the
antenna radiating elements in the plurality of antenna
radiating elements may have different shapes and sur-
face areas. In some example, the surface area of the
radiating surface of atleast some of the antennaradiating
elements in the plurality of antenna radiating elements
may vary relative to each other by between about 0.1%
and 20.0% of an average surface area of the radiating
surfaces in the plurality of antenna radiating elements.
In some variations, the radiating surfaces of the plurality
of antenna radiating elements have different surface ar-
eas that vary from each other by between about 0.1%
and 10.0% of an average surface area of the radiating
surfaces in the plurality of antenna radiating elements.
The plurality of antenna radiating elements may have a
plurality of radiating surfaces of different surface areas
that vary from each other by between about 0.1% and
5.0%.

[0031] Any appropriate number of antenna radiating
elements may be used, including in particular n by m
arrays of antenna radiating elements. For example, the
plurality of antenna radiating elements may include four
antenna radiating elements (e.g., a 2x2 array). The plu-
rality of antenna radiating elements consists of nine an-
tenna radiating elements (e.g., a 3x3 array).

[0032] In general, the antenna gain for the array an-
tenna described herein may be between about 15 and
about 20 dB. The bandwidth of any of these antenna may
be between about 5.15 to 5.85 GHz (e.g., "a 5 GHz an-
tenna"); alternatively or additionally, the bandwidth of the
antenna may be between about 2.40 to 2.48 GHz (e.g.,
"a 2 GHz antenna").

[0033] For example, a patch array antenna may in-
clude: a ground plate in afirst plane; a plurality of antenna
radiating elements extending in or above a second plane,
wherein the second plane is above the first plane, and
further wherein each antenna radiating element has a
radiating surface extending parallel to the second plane;
an antenna feed in a third plane between the first and
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second planes, the antenna feed comprising a vertical
polarization feed connection connected to a first radio
connection point and a horizontal polarization feed con-
nection connected to a second radio connection point;
and a plurality of feed lines, wherein each feed line con-
nects an antenna radiating element from the plurality of
antenna radiating elements to the antenna feed. Such
patch array antennas may be configured as discussed
and described herein. For example, a patch array anten-
na may include radiating surfaces that extend in the sec-
ond plane.

[0034] The antenna feed may comprises a plurality of
antenna feeds in the third plane (e.g., antenna feed re-
gions). The plurality of feed lines may be selected from
the group consisting of a plurality of slant feed lines
wherein each slant feed line connects to the edge of one
antenna radiating element from the plurality of antenna
radiating elements to the antenna feed, and a plurality of
cylindrical feed lines wherein each cylindrical feed line
connects one antenna radiating element from the plural-
ity of antenna radiating elements to the microstrrip feed
at a position that is off-center relative to the radiating
surface of the antenna radiating element.

[0035] In any of the variations described, adjacent an-
tenna radiating elements are separated from each other
by less than one-half of a wavelength of radiation of the
patch array antenna.

[0036] A patch array antenna may include: a ground
plate in a first plane; a plurality of antenna radiating ele-
ments each comprising a radiating surface, wherein the
radiating surfaces extend in a second plane above the
first plane; an antenna feed in a third plane between the
first and second planes, the antenna feed comprising a
vertical polarization feed connection connected to a first
radio connection point and a horizontal polarization feed
connection connected to a second radio connection
point; and a plurality of feed lines extending from the third
plane to the radiating surfaces, wherein the plurality of
feed line are selected from the group consisting of: a
plurality of slant feed lines wherein each slant feed line
connects the edge of one antenna radiating element to
the antenna feed, and a plurality of cylindrical feed lines
wherein each cylindrical feed line connects one antenna
radiating element to the microstrrip feed at a position that
is off-center relative to the radiating surface of the anten-
na radiating element

[0037] As mentioned, the ground plate may not com-
prise a dielectric material. For example, the ground plate
may comprise a metal (e.g., conductive metal) including
stainless steel. In some variations the ground plate may
be formed by stamping, and each of the patch radiating
elements may be DC grounded (for lightening/EMI pro-
tection) by connection to the ground plane/plate. The
connection may be made by soldering or the like, or by
other securement, such as screwing. This connection
may also securely hold the components of the patch an-
tenna together.

[0038] Asdiscussedabove,insome variationsthe feed
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lines are configured as slant feed lines. In generally slant
feed lines connect the patch radiating elements to the
antenna feeds. The slant feed lines extend from an edge
of each patch radiating element to an edge of an antenna
feed. The slant feed lines may be referred to as slant
feed lines because they extend between the adjacent
planes of the antenna feed lines and the patch radiating
elements at an angle (typically <90°, such as 30°, 45°,
60°, etc.) relative to these adjacent planes. In some var-
iations, although the distance between adjacent patch
radiating elements in the plane that they are located in
(e.g., the "first" or "outer" plane), may be less than one-
half of the wavelength of radiation of the patch antenna,
the actual length between adjacent radiating elements is
still in phase (e.g., a distance of approximately one-half
the wavelength of radiation, one wavelength of radiation,
etc.). Thisis because the actual distance must travel from
the plane of the patch radiating elements to the plane of
the antenna feed and back. For example, each patch
radiating element may be connected to an adjacent patch
radiating element such that a first radiating element is
connected to a second radiating element by a first slant
feed line, an antenna feed, and second slant feed line,
to form a set of patch radiating elements, such that the
distance between a midpoint of the first radiating element
and a midpoint of the second radiating element is ap-
proximately one wavelength of radiation of the patch an-
tenna when measured as the shortest distance between
the midpoint on a surface of the first patch radiating ele-
ment, down a surface of the first slant feed line, along a
surface of the antenna feed, up the surface of the second
slant feed line, and back along the surface of the second
patch radiating element.

[0039] The antenna feed may include both a vertical
polarization input and a horizontal polarization input. In
some variations a subset of antenna feed lines may be
configured as a vertical polarization feed network con-
nected to a radio connection point, and the remaining
antenna feed lines may be configured as a horizontal
polarization feed connected to a radio connection point.
[0040] The various elements (planes) of the apparatus
may be connected together so that the antenna is robust-
ly secured together. For example, in some variations
each patch radiating element is connected to the ground
plate through a screw; the screw may be electrically iso-
lated from the ground plate (e.g., by an insulated wash-
er/spacer). The antenna feed may be connected directly
to the radiating elements and/or the radio circuitry (e.g.,
radio connection point(s)), and may also be connected
to the ground plate via an insulated connection (e.g.,
screw, post, etc.).

[0041] In some variations of a patch antenna, the plu-
rality of patch radiating elements, antenna feed(s) and
plurality of slant feed lines are all formed of a single sheet
of appropriately conductive material, such a metals (in-
cluding alloys). For example, the plurality of patch radi-
ating elements, plurality of antenna feeds and plurality
of slant feed lines may all be formed of a single sheet
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material such as tin plated steel, brass, or copper (or any
other appropriate conductive materials, including non-
metals). For example, the radiating elements and feed
lines may be stamped from the material.

[0042] Asmentioned, the antennafeeds, ground plate,
and patch radiating elements may be separated from
each other by a separation that provides an appropriate
bandwidth for the antenna. For example, the first plane
(the plane of the ground plate) and the second plane (the
plane of the patch radiating element) may be separated
by between about 2 and about 20 mm. Similarly, the
ground plane may be separated from the antenna feed
plane by between about 1 and about 10 mm, and the
patch radiating element plane may be separate from the
antenna feed plane by between about 1 and about 10
mm. These planes are generally adjacent to each other,
and may, in some variations, be parallel to each other or
at least non-intersecting over the dimensions of the an-
tenna array.

[0043] Insome examples, a patch array antenna com-
prises: a ground plate in a first plane; a plurality of patch
radiating elementsin a second plane above the first plane
wherein each patch radiating element has a radiating sur-
face extending in the second plane, further wherein ad-
jacent patch radiating elements are separated from each
other by less than one-half of a wavelength of radiation
of the patch antenna; a plurality of antenna feeds in a
third plane between the first and second planes; and a
plurality of slant feed lines, wherein each slant feed line
connects one side of a patch radiating element to an an-
tenna feed.

[0044] In other examples, a patch array antenna com-
prises: a ground plate in a first plane; a plurality of patch
radiating elements in a second plane above the first
plane, wherein each patch radiating element has a radi-
ating surface extending in the second plane and further
wherein the plurality of patch radiating elements have a
plurality of radiating surfaces of different surface areas
that vary from each other by between about 0.1% and
20.0%; a plurality of antenna feeds in a third plane be-
tween the first and second planes, wherein each antenna
feed has alength and a width extending in the third plane,
and wherein for at least half of the antenna feeds, the
width varies along the length, further wherein each an-
tenna feed has a different surface area in the third plane;
and a plurality of slant feed lines, wherein each slant feed
line connects one side of a patch radiating element to an
antenna feed.

[0045] In another specific example, a patch array an-
tenna comprises: a ground plate in a first plane, wherein
the ground plate does not comprise a dielectric; a plurality
of patch radiating elements in a second plane above the
first plane, wherein each patch radiating element has a
radiating surface extending in the second plane and fur-
ther wherein the plurality of patch radiating elements
have a plurality of radiating surfaces of different surface
areas that vary from each other by between about 0.1%
and 20.0%; a plurality of antenna feeds in a third plane
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between the first and second planes, wherein each an-
tenna feed has a length and a width extending in the third
plane, and wherein for at least half of the antenna feeds,
the width varies along the length, further wherein each
antenna feed has a different surface area in the third
plane; and a plurality of slant feed lines, wherein each
slant feed line connects one side of a patch radiating
elementto an antenna feed; wherein each patch radiating
element is connected to an adjacent patch radiating el-
ement such that a first radiating element is connected to
a second radiating element by a first slant feed line, an
antenna feed, and second slant feed line, to form a set
of patch radiating elements, such that the distance be-
tween a midpoint of the first radiating element and a mid-
point of the second radiating element is approximately
one wavelength of radiation of the patch antenna when
measured as the shortest distance between the midpoint
on a surface of the first patch radiating element, down a
surface of the first slant feed line, along a surface of the
antenna feed, up the surface of the second slant feed
line, and back along the surface of the second patch ra-
diating element; wherein a subset of the antenna feeds
are configured as a vertical polarization feed network
connected to a radio connection point, and the remaining
antenna feeds are configured as a horizontal polarization
feed connected to a radio connection point; wherein each
patch radiating element is connected to the ground plate
through a grounding attachment.

[0046] Also described herein are methods of transmit-
ting and receiving wireless broadband data using any of
the apparatuses described herein. Thus, described here-
in are transmission and reception of high-speed wireless
communications using a stacked array antenna, includ-
ing methods of transmitting and receiving wireless sig-
nals using a compact antenna having an array of com-
pactly arranged emitters/receivers. Wireless signals are
transmitted from an antenna feed to the plurality of emit-
ters/receivers in any appropriate band, such as the 5.15
to 5.85 GHz band and/or the 2.40-2.48 GHz band. The
feed is connected to a radio connection point and from
there may connect to the plurality of emitters/receivers
arranged in a plane (or planes) above an antenna feed
connecting the emitting elements to the radio connection
point. The antenna feed is positioned between the emit-
ters and a ground plane. Signals (e.g., horizontally and
vertically polarized signals) may be emitted from the plu-
rality of antenna radiating surfaces. Methods of manu-
facturing compact array antennas are also described.
[0047] For example, a method of transmitting wireless
broadband data may include: transmitting broadband da-
ta from a feed connection to an antenna feed, wherein
the feed connection is connected to a radio connection
point; transmitting the broadband data from the antenna
feed along a plurality of feed lines to a plurality of antenna
radiating elements, wherein the antenna radiating ele-
ments are positioned in or above a second plane that is
above a ground plate that extends in a first plane, further
wherein the antenna feed extends in a third plane be-
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tween the first plane and the antenna radiating elements,
and wherein the plurality of feed lines extend from the
third plane and connect to the antenna radiating ele-
ments; and emitting the broadband data from a plurality
of antenna radiating surfaces, wherein each of the plu-
rality of antenna radiating elements includes one of the
plurality of antenna radiating surfaces.

[0048] In general, transmitting broadband data may
comprise transmitting vertically polarized broadband da-
ta and/or transmitting horizontally polarized broadband
data. For example, the method may include transmitting
horizontally polarized broadband data from a horizontal
polarization feed connection that is connected to a sec-
ond radio connection point to the antenna feed. The
method may include transmitting the horizontally polar-
ized broadband data from the antenna feed to a plurality
of horizontal polarization feed lines, wherein the horizon-
tal polarization feed lines extend from the third plane and
connect to the antenna radiating elements. The method
may also include receiving broadband data on the an-
tenna radiating surfaces and transmitting the broadband
data to the antenna feed and from the antenna feed to
the radio connection point via the feed connection.
[0049] In any of the methods described herein, the ge-
ometry of antenna may be as described above. For ex-
ample, the antenna feed may comprise a plurality of an-
tenna feed regions in the third plane. The plurality of feed
lines may comprise a plurality of slant feed lines, wherein
each slant feed line connects one side of an antenna
radiating element to the antenna feed. The radiating sur-
faces may extend in the second plane. The first plane
and the second plane may be separated by between
about 2 and about 20 mm. The first plane may be sepa-
rated from the third plane by between about 1 and about
10 mm, and wherein the second plane is separate from
the third plane by between about 1 and about 10 mm. A
surface area of the radiating surface of at least some of
the antenna radiating elements may vary relative to each
other by within about 20.0% of an average surface area
of the radiating surfaces in the plurality of antenna radi-
ating elements. At least some of the antenna radiating
elements may have different shapes and surface areas.
A surface area of the radiating surface of at least some
of the antenna radiating elements may vary relative to
each other by between about 0.1% and 20.0% of an av-
erage surface area of the radiating surfaces in the plu-
rality of antenna radiating elements. The radiating sur-
faces of the plurality of antenna radiating elements may
have different surface areas that vary from each other
by between about0.1% and 10.0% of an average surface
area of the radiating surfaces in the plurality of antenna
radiating elements. The antenna feed may comprise a
plurality of antenna feed regions that each have a length
and a width extending in the third plane, and wherein for
atleast some of the antenna feeds, the width varies along
the length. The antenna feed may comprise a plurality of
antenna feed regions that each have a length and a width
extending in the third plane, and wherein for at least half
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of the antenna feeds, the width varies along the length.
The plurality of feed lines may be selected from the group
consisting of: a plurality of slant feed lines wherein each
slant feed line connects to the edge of one antenna ra-
diating element from the plurality of antenna radiating
elementsto the antennafeed, and a plurality of cylindrical
feed lines wherein each cylindrical feed line connects
one antenna radiating element from the plurality of an-
tenna radiating elements to the antenna feed ata position
that is off-center relative to the radiating surface of the
antenna radiating element. The antenna feed may be
formed of a single sheet of metal. The plurality of antenna
radiating elements, antenna feed, and plurality of feed
lines may be formed of a single sheet of metal. The plu-
rality of antenna radiating elements, antenna feed, and
plurality of feed lines may all formed of a single sheet of
tin plated steel, brass, or copper. The plurality of antenna
radiating elements may consist of four antenna radiating
elements. The plurality of antenna radiating elements
may consist of nine antenna radiating elements.

[0050] The gain ofthe transmitted broadband data may
be between about 15 and about 20 dB. The bandwidth
of the transmitted and received broadband data may be
between about 5.15 to 5.85 GHz. The bandwidth of the
transmitted and received broadband data may be be-
tween about 2.40 to 2.48 GHz.

[0051] In some variations, the method of transmitting
and receiving wireless broadband data may include:
transmitting vertically polarized broadband data from a
vertical polarization feed connection to an antenna feed,
wherein the vertical polarization feed connection is con-
nected to a first radio connection point; transmitting hor-
izontally polarized broadband data from a horizontal po-
larization feed connection to the antenna feed, wherein
the horizontal polarization feed connection is connected
to a second radio connection point; transmitting the ver-
tically polarized broadband data from the antenna feed
along a plurality of vertical polarization feed lines to a
plurality of antenna radiating elements; transmitting the
horizontally polarized broadband data from the antenna
feed along a plurality of horizontal polarization feed lines
to a plurality of antenna radiating elements; wherein the
antenna radiating elements are positioned in or above a
second plane that is above a ground plate that extends
in a first plane, further wherein the antenna feed extends
in a third plane between the first plane and the antenna
radiating elements, and wherein the plurality of feed lines
extend from the third plane and connect to the antenna
radiating elements; and emitting the horizontally and ver-
tically polarized broadband data from a plurality of an-
tenna radiating surfaces, wherein each of the plurality of
antenna radiating elements includes one of the plurality
of antenna radiating surfaces. The method may also in-
clude receiving broadband data on the antenna radiating
surfaces and transmitting the broadband data to the an-
tenna feed. The method may also include receiving
broadband data on the antenna radiating surfaces and
transmitting the broadband data to the antenna feed and



15 EP 4 407 805 A1 16

from the antenna feed to the first radio connection point
via the vertical polarization feed connection. The method
may also include receiving broadband data on the an-
tenna radiating surfaces and transmitting the broadband
data to the antenna feed and from the antenna feed to
the second radio connection point via the horizontal po-
larization feed connection.

[0052] Ingeneral, methods of making and/or manufac-
turing patch antenna arrays (alone or as part of an ap-
paratus including a housing) are also described herein.
For example, described herein are methods of manufac-
turing a patch array antenna, the method comprising:
forming a plurality of patch radiating elements, a plurality
of antenna feeds, and a plurality of slant feed lines from
a single sheet of metal, so that the plurality of patch ra-
diating elements are arranged in a first plane and the
plurality of antennafeeds are arranged in a second plane
adjacent to the first plane, and each patch radiating ele-
ment is connected one or more of the antenna feeds by
one or more of the slant feed lines; and connecting the
patch radiating elements to a ground plate, wherein the
ground plate is in a third plane that is adjacent to the
second plane.

[0053] As mentioned above, in some variations, the
single sheet of metal comprises a single sheet of tin plat-
ed steel, brass, or copper.

[0054] The step of connecting the patch radiating ele-
ments to the ground plate may include connecting the
patch radiating elements to a non-dielectric ground plate.
For example, the two may be connected by soldering,
screwing, etc.

[0055] The step of forming may comprise stamping the
plurality of patch radiating elements, the plurality of an-
tenna feeds, and the plurality of slant feed lines from a
single sheet of metal. In some variations, the step of form-
ing comprises bending the slant single sheet of metal to
position the plurality of patch radiating elements in the
firstplane and the plurality of antenna feeds in the second
plane with the plurality of slant feed lines connecting the
plurality of patch radiating elements and the plurality of
antennafeeds. The stamping and/or bending may be per-
formed in the same step (e.g., using a mandrel, press,
etc.), or they may be performed separately.

[0056] Insome variations, the step of forming compris-
es forming a bend between the plurality of slant feed lines
and the plurality of patch radiating elements, and forming
a bend between the slant feed lines and the plurality of
antenna feeds.

[0057] The step of forming may also comprise forming
a plurality of patch radiating elements having a different
surface areas in the first plane that vary from each other
by between about 0.1% and 20%, as described above.

[0058] The patch antenna may generally be included
within a housing that is configured to adjustably and re-
liably hold the device to a mount. The mount may be
positioned indoors or outdoors and may be used as part
of an overall system. Thus, described herein are adjust-
able-tilt housings having a flattened dome shape, an ar-
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ray antenna, and a bracket mount. For example, radio
devices for wireless transmission may include an inte-
grated adjustable mount allowing mounting to a pole or
stand and adjustment of the angle of the device (e.g., the
altitude). The device may include a compact array an-
tenna having a high gain configured to operate in, for
example, the 5.15t05.85 GHz band and/or the 2.40-2.48
GHz band. The antenna emitters may be arranged in a
separate plane from a plane containing the antenna feed
connecting the emitting elements and also from a ground
plane. The antenna array may be contained within a pro-
tective weatherproof housing along with the radio control
circuitry

[0059] Insome variations, the devices described here-
in include: a disc-shaped housing having a flattened
dome shaped front region and a back region having an
integrated bracket mount; a plurality of antennas held
within the housing and arranged across a surface within
the housing as a patch antenna; and a bracket configured
to couple to a pole, the bracket further configured to en-
gage with the bracket mount, wherein the bracket and
bracket mount cooperate to form a plurality of selectable
positions securing the housing at different tilt angles rel-
ative to the bracket.

[0060] The housing maybe configured as a flattened-
dome on at least one (e.g., the front) side. This shape
may allow space for the plurality of antenna to be distrib-
uted over a plane within the housing (e.g., in a two-di-
mensional spreading pattern within the housing, e.g., a
box pattern). The back of the housing may be flattened,
flattened-dome shaped, or the like, and typically includes
the integrated bracket mount region. The front and back
regions may be secured (e.g., sealed, welded, plastic
welded etc.) together to enclose the antenna and any
electronics, such as a controller for controlling operation
of the antenna.

[0061] In some variations, the device includes a lock
configured to secure the bracket to the housing. The lock
may be a connector (e.g., snap-fit, or snap-engaging con-
nector) between the bracket and the housing or it may
be the combination of one or more windows through the
bracket and bracket mount through which a tie (e.g., zip-
tied) mounting the device to a pole, post or the like pass-
es.

[0062] In some variations, the bracket mount compris-
es a ball socketand threaded clamp. The threaded clamp
may, for example, fit (by screwing) over the ball-socket.
Tightening the threaded clamp may lock the position of
the ball of the bracket (e.g., a ball joint) within the socket.
Additional locking mechanisms may be included.
[0063] In general, the housing may be configured to
form a weather-resistant, water-resistant, waterproof
and/or waterproof enclosure around the plurality of an-
tennas and/or controller.

[0064] The bracket (or mount) is generally configured
to secure the device to a pole or post. For example, the
bracket may comprise a concave pole mount region con-
figured to be connected at least partially around a pole.
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The bracket mount typically couples to the bracket so
that the tilt angle between the housing and the bracket
(and therefore the tilt angle of the device when mounted)
may be set and/or adjusted with a range. In some varia-
tions, the tilt angle may be selected from a plurality of
predetermined positions. For example, the bracket and
bracket mount may cooperate to form a plurality of se-
lectable positions securing the housing at different tilt an-
gles relative to the bracket extending over about a 20°
range. The bracket and bracket mount may cooperate to
form a plurality of selectable positions separated by be-
tween about 10° and about 3° in tilt.

[0065] In some variations, the housing includes an in-
tegrated and visible level element, showing the angle/lev-
el of the housing relative to the horizon (gravity).
[0066] In general, the bracket engages with the inte-
grated bracket mount. For example, in some variations
the bracket mount may include an elongate curved chan-
nel into which the bracket rides. The bracket may com-
prise a fastening pass-through configured to pass a tie
for securing to a pole. In some variations, the rear region
comprises a fastening pass-through configured to align
with the fastening pass-through of the bracket.

[0067] In some variations, the bracket includes a ball
(forming a ball joint) to made with the integrated bracket
mount.

[0068] As mentioned, the devices may include a patch
antenna array having any number of patch antennas
(e.9.,2,3,4,5,6,7,8,9, etc.). For example, the devices
may include at least four patch antennas, arranged
across a surface within the housing (e.g., in a two-dimen-
sional pattern that fills the 2D space of an antenna board
within the housing). For example, these apparatuses may
include any of the patch antennas described above.
[0069] Any of the devices described herein may in-
clude a power over Ethernet (PoE) port that can be ac-
cessed on, in or through the housing and configured to
receive a PoE cable. Thus, the device may be powered
by the combined data/power line of a power over Ethernet
cable.

[0070] As mentioned above, any of the devices de-
scribed herein may include a controller connected to the
antennas and configured to send and receive wireless
broadband signals from the patch antenna. For example,
the devices may include a controller connected to the
patch antenna and configured to send and receive wire-
less broadband signals using a time division multiple ac-
cess (TDMA) protocol.

[0071] Insome variations the housing may also include
adoor (e.g., hinged, sliding, or swinging door) for access-
ing an inside of the disc-shaped housing.

[0072] For example, described herein are amplifying
radio and antenna devices for providing wireless broad-
band access, using an appropriate broadband transmis-
sion protocol, for example a time division multiple access
(TDMA) protocol. In some variations, the device is con-
figured for outdoor or for outdoor/indoor use. The device
may be configured for use as a point-to-point or point-to-
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multipoint station, the device comprising: a disc-shaped
housing comprising a rear region having an integrated
bracket mountand a front region configured as aflattened
dome; a plurality of antennas held within the housing; an
integrated circuit connected to the plurality of antenna
and configured to send and receive wireless broadband
signals using the antenna; and a bracket configured to
couple to a pole, the bracket further configured to engage
with the bracket mount, wherein the bracket and bracket
mount cooperate to form a plurality of selectable tilt po-
sitions of the housing relative to the bracket.

[0073] As mentioned above, tiered array antennas
may generally include tightly packed antenna radiating
elementthatare closely packed, so thatthe distance from
midpoint of the radiating element to midpoint of an adja-
cent radiating element is less than one-half of a wave-
length of radiation of that patch array antenna (tiered ar-
ray antenna). Itis understood that the radiating elements
(and radiating surfaces) described herein both transmit
and receive radiation (RF radiation). By arranging the
radiating elements of the antenna in a different plane
than the connectors (antenna feeds) between the radi-
ating elements, these elements may be packed more
tightly.

[0074] For example, described herein are patch array
antennas that generally include: a ground plate in a first
plane; a plurality of antenna radiating elements above
the first plane wherein each antenna radiating element
has a radiating surface extending in one or more planes
above the first plane; a plurality of antenna feeds in a
third plane between the first plane and the radiating sur-
faces; and a plurality of slant feed lines, wherein each
slant feed line connects one side of an antenna radiating
element to an antenna feed from the plurality of antenna
feeds. The radiating surfaces of each antenna radiating
element of the plurality of antenna radiating elements
may all extend in a second plane above the first plane.
The first plane and the second plane may be separated
by between about 2 and about 20 mm. The first plane is
separated from the third plane by between about 1 and
about 10 mm, and wherein the second plane is separate
from the third plane by between about 1 and about 10 mm.
[0075] Atleastsome of the antennaradiating elements
in the plurality of antenna radiating elements may have
different shapes and surface areas. For example, a sur-
face area of the radiating surface of at least some of the
antenna radiating elements in the plurality of antenna
radiating elements may vary relative to each other by
within about 20.0% of an average surface area of the
radiating surfaces in the plurality of antenna radiating el-
ements. The surface area of the radiating surface of at
least some of the antenna radiating elements in the plu-
rality of antenna radiating elements may vary relative to
each other by between about 0.1% and 20.0% of an av-
erage surface area of the radiating surfaces in the plu-
rality of antenna radiating elements. In some variations,
the radiating surfaces of the plurality of antenna radiating
elements have different surface areas that vary from
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each other by between about 0.1% and 10.0% of an av-
erage surface area of the radiating surfaces in the plu-
rality of antenna radiating elements. The plurality of an-
tennaradiating elements may have a plurality of radiating
surfaces of different surface areas that vary from each
other by between about 0.1% and 5.0%.

[0076] In general, as mentioned above, the dimen-
sions of the antenna feed antennas may be irregular, and
may change diameter along their length. For example,
each antenna feed may have a length and a width ex-
tending in the third plane, and wherein for at least some
of the antenna feeds, the width varies along the length.
Each antenna feed may have a length and a width ex-
tending in the third plane, and wherein for at least half of
the antenna feeds, the width varies along the length. The
irregular shape, which may include having non-parallel
sides over the length of the antenna feed, may be con-
figured to optimize the behavior of the array antenna.
[0077] For any of the patch array antennas described
herein, each antenna radiating element may be connect-
ed to an adjacent antenna radiating element such that a
first antenna radiating element is connected to a second
antenna radiating element by a first slant feed line, an
antenna feed, and second slant feed line, to form a set
of antenna radiating elements, such that the distance be-
tween a midpoint of the first antenna radiating element
and a midpoint of the second antenna radiating element
is approximately one wavelength of radiation of the patch
antenna when measured as the shortest distance be-
tween the midpoint on a surface of the first antenna ra-
diating element, down a surface of the first slant feed
line, along a surface of the antenna feed, up the surface
of the second slant feed line, and back along the surface
of the second antenna radiating element.

[0078] As mentioned, the antennas described herein
may be configured to have both vertical and horizontal
polarization. For example, in any of the antenna arrays
described herein, a subset of the antenna feeds may be
configured as a vertical polarization feed network con-
nected to a first radio connection point, and the remaining
antenna feeds are configured as a horizontal polarization
feed connected to a second radio connection point.
[0079] In general, each antenna radiating element is
connected to the ground plate through a grounding at-
tachment. For example, each antenna radiating element
is connected to the ground plate through a grounding
attachment that is positioned off-center relative to the
radiating surface of the antenna radiating element.
[0080] As mentioned, in manufacturing the array an-
tennas described herein, the plurality of antenna radiat-
ing elements, plurality of antenna feeds, and plurality of
slant feed lines may all formed of a single sheet of metal.
For example, the plurality of antenna radiating elements,
plurality of antenna feeds, and plurality of slant feed lines
may all be formed of a single sheet of tin plated steel,
brass, or copper.

[0081] In some variations, the plurality of antenna ra-
diating elements consists of four antenna radiating ele-
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ments, which may be arranged as a 2x2 array. In some
variations, the plurality of antenna radiating elements
consists of nine antenna radiating elements, which may
be arranged as a 3x3 array.

[0082] Alsodescribed herein are patch array antennas
comprising: a ground plate in a first plane; a plurality of
antenna radiating elements in a second plane above the
first plane wherein each antenna radiating element has
a radiating surface extending in the second plane; a plu-
rality of antenna feeds in a third plane between the first
and second planes; and a plurality of slant feed lines,
wherein each slant feed line connects one side of an
antenna radiating element from the plurality of antenna
radiating elements to an antenna feed from the plurality
of antenna feeds. Adjacent antenna radiating elements
may be separated from each other by less than one-half
of a wavelength of radiation of the patch array antenna.
[0083] Also described herein are patch array antenna
comprising: a ground plate in a first plane; a plurality of
radiating surfacesin a second plane above the first plane,
wherein the radiating surfaces in the plurality of radiating
surfaces have surface areas that vary relative to each
other; a plurality of antenna feeds in a third plane between
the first and second planes, wherein each antenna feed
in the plurality of antenna feeds has a length and a width
extending in the third plane, and wherein for at least half
of the antenna feeds in the plurality of antenna feeds, the
width varies along the length; and a plurality of slant feed
lines, wherein each slant feed line connects one side of
a radiating surface of the plurality of radiating surfaces
to an antenna feed in the plurality of antenna feeds.
[0084] As described above, any of the array antennas
described herein may be manufactured by forming a sin-
gle piece of metal into the antenna feeds and the antenna
radiating elements. For example, a method of manufac-
turing a patch array antenna may include the steps of:
forming a plurality of antenna radiating elements, a plu-
rality of antenna feeds, and a plurality of slant feed lines
from a single sheet of metal, so that the plurality of patch
antenna radiating elements are arranged in a first plane
and the plurality of antenna feeds are arranged in a sec-
ond plane adjacent to the first plane, and each patch
antenna radiating element of the plurality of antenna ra-
diating elements is connected one or more of the antenna
feeds by one or more of the slant feed lines; and con-
necting the antenna radiating elements to a ground plate,
wherein the ground plate is in a third plane thatis adjacent
to the second plane. The single sheet of metal may be a
single sheet of tin plated steel, brass, or copper.

[0085] In general, the sheet of metal may be formed
by any appropriate manner. Forming may comprise
stamping the plurality of antenna radiating elements, the
plurality of antenna feeds, and the plurality of slant feed
lines from a single sheet of metal. Forming may comprise
bending the single sheet of metal to position the plurality
of antenna radiating elements in the first plane and the
plurality of antenna feeds in the second plane with the
plurality of slant feed lines connecting the plurality of an-
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tenna radiating elements and the plurality of antenna
feeds. In some variations, Forming comprises forming a
plurality of antenna radiating elements having different
surface areas in the first plane. Forming may comprise
forming a plurality of antenna radiating elements wherein
a surface area of the antenna radiating elements in the
plurality of antenna radiating elements vary relative to
each other by between about 0.1% and 20.0% of an av-
erage surface area of the antenna radiating elements in
the plurality of antenna radiating elements.

[0086] Also described herein are apparatuses, includ-
ing wireless broadband access devices, that include both
an antenna, such as those described above, and control
circuitry, typically formed in a layered PCB having multi-
ple layers, wherein the impedance mismatch between
the antenna and the circuitry is minimized. Although the
devices, techniques and configurations, including the ap-
paratuses, described herein may be used with the an-
tenna arrays described, they may also be used with any
other antenna, including other (e.g., traditional) array an-
tennas, and non-array antennas.

[0087] For example, described herein are wireless
broadband access devices that minimize impedance
mismatch between the antenna input/output and a lay-
ered PCB, in which the device includes: an antenna hav-
ing an antenna port radio frequency (RF) pin extending
therefrom; a printed circuit board (PCB) comprising a first
layer and a plurality of additional layers; an antenna con-
tact electrically coupling the antenna port RF pin to the
first layer of the PCB, wherein the antenna port RF pin
passes through the additional layers of the PCB without
making electrical contact therewith; and a clearing region
on each layer of the additional layers of the PCB, wherein
each clearing region surrounds the antenna port RF pin
on all sides in each layer of the additional layers of the
PCB by more than about 0.5 mm, wherein the clearing
region is substantially free of conductive materials.
[0088] The clearing region is generally formed in each
layer of the PCB to which the antenna port RF pin (the
input/output for the RF energy detected and/or transmit-
ted by the antenna) should not make an electrical con-
nection. The clearing region is typically free of conductive
(electrically and/or magnetically conductive) material,
such as conductive metals, or the like. The clearing may
include non-conductive (e.g., insulative) material. In
some variations the conductive clearing forms an air gap
between adjacentlayers, and includes only the substrate
material for that layer.

[0089] A multi-layer PCB may be used increase the
area available for connections and may include multiple
conductor patterns inside the board. Multi-layer PCBs
may be formed by gluing (laminating) several double-
sided boards together with insulating layers in between.
The number of layers may be referred to as the number
of separate conductor patterns. It is usually even and
includes the two outer layers. It is common for layered
PCBs to have between 4 and 8 layers, but PCBs with
almost 100 layers (or more) can also be made. Layers
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in a PCB may be laminated together. Vias through the
layered PCB may penetrate the whole board, or they may
be blind or buried vias, which span only a few layers.
Blind vias connect one or more of the inner layers with
one of the surface layers without penetrating the whole
board. Buried vias only connect inner layers.

[0090] In multi-layer PCBs the PCB may include an
entire layers dedicated to Ground and Power. Layers
may therefore be classified as Signal, Power or Ground
planes. Sometimes there is more than one of both Power
and Ground planes, especially if the different compo-
nents on the PCB require different supply voltages. A
layered PCB may also include surface mounted compo-
nents that could be mounted on either or both sides of
the PCB, including directly underneath each other.
[0091] In general, to minimize impedance mismatch
by an antenna port RF pin passing though the layered
PCB, the region of the PCB adjacent to the antenna port
RF pin may be cleared or kept clear of a conductive ma-
terial, such as copper, etc. The shape and size of the
clearing may be determined to be above a minimum
clearing distance (e.g., greater than 0.5, greater than 1.0,
greater than 1.4, greater than 1.9, etc.) from the edge of
the pin. In some variations, each clearing region forms a
square or rectangular region that is substantially free of
conductive materials. For example, each clearing region
may surround the antenna port RF pin by more than about
0.5 mm, more than about 1 mm, more than about 1.5
mm, or more than about 1.9 mm.

[0092] Any of the variations described herein may also
include one or more ground pin extending from a ground
plate (e.g., between the antenna emitter(s) and the lay-
ered PCB). The ground pin may extend adjacent to the
antenna port RF pin. In some variations pair of ground
pins extends from the antenna (the ground plate of the
antenna) and through the additional layers of the PCB.
The ground pins may also each make an electrical con-
tact with the first layer, or with one or more additional
layers of the PCB, including a ground layer. The antenna
contact (which may extend from the antenna port RF pin
in the first layer) may be configured so that it does not
pass between the electrical contacts of the pair of ground
pins on the first layer. This may further minimize imped-
ance mismatch.

[0093] As mentioned, the antenna may be any appro-
priate array antenna, including a patch array antenna
comprising a plurality of radiating elements.

[0094] In some variations of a wireless broadband ac-
cess device, the device includes a second antenna port
RF pin that extends from the antenna that passes through
the additional layers and makes electrical contact with
the first layer. Each of the additional layers may include
a second clearing region around the second antenna port
RF pin. For example, a device may be configured so that
the antenna includes both horizontal polarization (fed by
one antenna port RF pin) and vertical polarization (fed
by a second antenna port RF pin).

[0095] Ingeneral, the layered PCB may include circuit-
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ry configured to control transmission and receipt of
broadband information from the antenna. In some vari-
ations, only the first layer of the PCB makes electrical
contact with the antenna port RF pin (or any antenna port
RF pins).

[0096] The layered PCB may include any number of
layers; for example the additional layers (each having a
clearing region or regions around the one or more anten-
na port RF pins) may include more than four layers.
[0097] Also described herein are wireless broadband
access devices, the device comprising: an antenna hav-
ing an antenna port radio frequency (RF) pin extending
therefrom; a printed circuit board (PCB) comprising a first
layer and a plurality of additional layers; an antenna con-
tact electrically coupling the antenna port RF pin to the
first layer of the PCB, wherein the antenna port RF pin
passes through the additional layers of the PCB without
making electrical contact therewith; a pair of ground pins
extending from the antenna, the pair of ground pins in
electrical contact with the first layer of the PCB; and a
clearing region on each layer of the additional layers of
the PCB, wherein each clearing region surrounds the an-
tenna port RF pin on all sides in each layer of the addi-
tional layers of the PCB by more than about 0.5 mm,
wherein the clearing region is substantially free of con-
ductive materials, wherein the antenna contact does not
pass between the pair of ground pins.

[0098] Any ofthe clearing regions descried herein may
be rectangular (including square), round, oval, polygonal,
etc., thatis substantially free of conductive materials. The
clearing region may surrounds the antenna port RF pin
by more than about 0.5mm, more than about 1 mm, more
than about 1.5 mm, more than about 1.9 mm, etc. Opti-
mally, the clearing region may be more than about 1.0
mm around the antenna port RF pin on all sides of each
layer. For example, the clearing size may be a rectangle
of approximately 3.8 mm by about 4.2 mm.

[0099] Asmentioned,anyofthese devices mayinclude
more than one antenna port RF pin, which may also pass
through the layers of the PCB until making electrical con-
tact, and may pass through the middle of the clearing
region (lacking any conductive material) in each non-con-
tacting layers of the PCB. For example, the device may
also include a second antenna port RF pin extending
from the antenna that passes through the additional lay-
ers and makes electrical contact with the first layer,
wherein each of the additional layers comprises a second
clearing region extending at least 0.5 mm all around the
second antenna port RF pin.

[0100] Any of the wireless broadband access devices
described herein may include: an antenna comprising
multiple radiating elements; a first antenna port radio fre-
quency (RF) pin extending from the antenna; a second
antenna port RF pin extending from the antenna; a print-
ed circuit board (PCB) comprising a first layer and a plu-
rality of additional layers, wherein the first antenna port
RF pin is in electrical contact with a first antenna contact
on the first layer and wherein the second antenna port
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RF pinisin electrical contact with a second antenna con-
tact on the first layer, and wherein the first and second
antenna port RF pins pass through, but do not make elec-
trical contact with, the additional layers; wherein each of
the additional layers comprises a first clearing region that
is substantially free of conductive materials and sur-
rounds the firstantenna port RF pin and a second clearing
region that is substantially free of conductive material
and surrounds the second antenna port RF pin, wherein
each of the first and second clearing regions extend from
the antenna port RF pin on all sides by at least 0.5 mm.
In some variations, each of the first and second clearing
regions may form a square or rectangular region, e.g.,
wherein each of the first and second clearing regions
surround the first or second antenna port RF pins by more
than about 1 mm, more than 1.5 mm, or more than 1.9
mm.

[0101] In some variations, the device also includes a
first pair of ground pins extending from the antenna ad-
jacent to the first antenna port RF pin and through the
additional layers of the PCB, wherein the first pair of
ground pins each make an electrical contact with the first
layer. As mentioned above, the antenna contact may be
configured so that it does not pass between the electrical
contacts of the first pair of ground pins on the first layer
as it extends in the first layer.

[0102] In general, the apparatuses described herein
may include a housing that is configured to aid in the
alignment of the apparatus, particularly when the appa-
ratus is configured for use as a radio and antenna device
for providing wireless broadband access as a point-to-
point or point-to-multipoint station The devices may be
configured so that they can be mounted or coupled to a
structure and/or surface (e.g. wall, stand, pole, table, etc.)
using an integrated bracket mount that forms part of the
housing and connects with a bracket for holding the ra-
dio/antenna device in place. The apparatus may also be
configured so that it can be roughly adjusted/aligned, and
once properly aligned, locked down into position. The
locking into position may include permanently deforming
a region of the device (e.g., of the clamp mount), such
as crush ribs, in a manner that helps retain the device in
alignment. In general, the device may also be adapted
so that the rough adjustment can be made with sufficient
friction between the bracket mount and bracket that it is
held in place when released, but still easily adjustable.
In some variations, the bracket mound and bracket are
configured as a ball and socket bracket mount/bracket.
[0103] For example, described herein are radio and
antenna devices (combined radio and antenna devices)
for providing wireless broadband access configured for
use as a point-to-point or point-to-multipoint station, in
which the device comprise: a disc-shaped housing hav-
ing a flattened, dome-shaped front region and a back
region having an integrated bracket mount; a plurality of
antenna emitters held within the housing and arranged
as an array antenna; and a bracket configured to support
the device, the bracket further configured to engage with
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the bracket mount, wherein the bracket and bracket
mount cooperate to form a plurality of selectable posi-
tions securing the housing at different tilt angles relative
to the bracket.

[0104] Asmentioned, these device may include a spirit
level (e.g., bubble level) that is integrated onto the hous-
ing, and can be viewed by a person when mounting
and/or adjusting the device. The bracket mount may in-
clude a ball socket and/or a threaded clamp.

[0105] The device may also include a lock configured
to secure the bracket to the housing. As mentioned, the
bracket may comprise an arm and a ball joint at an end
of the arm; a locking ring may also be used to tighten the
ball joint in the ball socket of the bracket mount.

[0106] Any of the apparatuses described herein may
also include one or more indicators, including optical in-
dicators such as lights (LEDs) that are located within the
housing but visible through the housing wall. For exam-
ple, the apparatus (device or system) may include optical
indicators within the housing that are visible through a
wall of the housing. The wall of the housing may be adapt-
ed for viewing the optical indicators. In some variations
the wall of the housing, or a region of the wall, is trans-
parent. In other variations the wall is translucent or par-
tially translucent; the region over the optical indicator may
be thinner than other regions of the housing to permit
light to be transmitted through the housing in these re-
gions. For example, a region of a wall of the housing may
be thinner than other regions of the wall, through which
a plurality of lights within the housing may be visible. Hav-
ing the indicator within the housing but visible through
the housing may permit it to be viewed while maintaining
the seal of the housing (e.g., around the circuitry and
antenna). In general, the disc-shaped housing may form
a waterproof enclosure around the plurality of antenna
emitters.

[0107] Any of the antenna described herein may be
used as part of the radio and antenna devices for provid-
ing wireless broadband access configured for use as a
point-to-point or point-to-multipoint station. For example,
the plurality of antenna emitters may include at least four
patch antennas, arranged across a surface within the
housing as an array antenna, or at least nine patch an-
tennas arranged across a surface within the housing as
an array antenna.

[0108] Any of the apparatuses or devices described
herein may be configured to use power over Ethernet
(PoE), and may therefore include a PoE port through the
housing to receive a PoE cable/connector. For example,
the device may include a cover, hatch, opening, door,
(e.g., sliding door) for accessing an inside of the disc-
shaped housing, or an atrial chamber of the housing that
allows access to a port such as a PoE port. This cover
may be removed and replaced and either or both the
cover and housing may include an opening for the exit
of a cable (e.g., a PoE cable).

[0109] As mentioned, s bracket may be configured to
mount the devices to any appropriate surface, including
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a pole or wall. For example, the bracket may include a
concave pole mount region configured to be connected
at least partially around a pole.

[0110] In general the housing may also house a con-
troller connected to the antenna emitters and configured
to send and receive wireless broadband signals from the
antenna. The controller may be a circuit or circuits (in-
cluding part of a PCB) and/or firmware or software. The
controller may be connected to the antenna emitters and
configured to send and receive wireless broadband sig-
nals using a time division multiple access (TDMA) pro-
tocol.

[0111] The radio and antenna devices for providing
wireless broadband access described above may also
include: a disc-shaped housing comprising a rear region
having an integrated bracket mount and a front region
configured as a flattened dome, wherein the bracket
mount comprises a ball socket; a bubble level integrated
onto the housing; a plurality of antennas emitters held
within the housing arranged as an array antenna; control
circuitry connected to the array antenna and configured
to send and receive wireless broadband signals using
the array antenna; and a bracket comprising an arm hav-
ing aballjoint atan end of the arm, the bracket configured
support the device, wherein the bracket and bracket
mount cooperate to provide a plurality of selectable tilt
positions of the housing relative to the bracket.

[0112] Also described herein are radio and antenna
devices for providing wireless broadband access config-
ured for use as a point-to-point or point-to-multipoint sta-
tion, the device comprising: a disc-shaped housing hav-
ing a flattened dome shaped front region and a back re-
gion having an integrated bracket mount; a bubble level
integrated onto the housing; a plurality of antenna emit-
ters held within the housing and arranged across a sur-
face within the housing as an array antenna; and a brack-
et for mounting the device, the bracket configured to en-
gage with the bracket mount, wherein the bracket and
bracket mount cooperate to provide a plurality of selecta-
ble positions securing the housing at different tilt angles
relative to the bracket.

[0113] In general a bracket is a support that may be
configured to be attached to a wall, pole, stand, etc., to
hold the antenna. A mount or bracket mount on an an-
tenna housing, or formed as an integral part of the hous-
ing, may connect the antenna to a bracket. The connec-
tion between the bracket and mount may be adjusted to
adjust the position (angle, direction, altitude, azimuthal
angle, zenith angle and/or elevation angle, etc.) of the
antenna relative to another antenna. In some variations,
and particularly the ball joint configurations, a clamp (e.g.,
ring clamp) may be used to adjust the holding force be-
tween the bracket and the mount, and therefore the force
locking the position of the antenna relative to the bracket.
The clamp may be specifically designed to allow hand
tightening. For example, the connection between the
bracket and mount may be tightened within a first range
of holding force between 0.5 and 8 kg force applied.
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[0114] For example, a wireless broadband access de-
vice, configurable as a point-to-point or point-to-
multipoint station, may include: an antenna; a housing
coupled to the antenna, the housing comprising a bracket
mount, wherein the bracket mount comprises a ball sock-
et; a deformable locking projection (e.g., crush ridge,
crush button, etc.) within the ball socket; circuitry within
the housing and connected to the antenna and config-
ured to send and receive wireless broadband signals us-
ing the antenna; a bracket comprising a ball joint, wherein
the ball joint is configured to be held within the ball socket
of the bracket mount, further wherein the ball joint has a
textured surface; and a clamp configured to be secured
to the bracket mount and to hold the ball joint within the
ball socket with a retaining force, wherein the ring claim
may be hand tightened to the bracket mount to provide
sufficient retaining force to irreversibly deform the crush
ridge against the textured surface of the ball joint so that
the deformed crush ridge interlocks with the textured sur-
face.

[0115] Any of the devices described herein may in-
clude a deformable locking projection that may be used
to lock an adjustable mountin position by deforming, e.g.,
crushing, the projection so that the deformed structure
engages another surface to lock to aid in holding the po-
sition of the mount. This deformable structure may be, in
some variations, a crush ridge, a crush projection, a crush
button, etc.

[0116] In some variations the clamp and the bracket
mountengage to form a ratchetlock that allows the clamp
to be tightened to the bracket mount but prevents the
clamp from loosening off of the bracket mount unless a
release catch is engaged. For example, the wireless
broadband access device may also include gear teeth
on the bracket mount that engage a releasable pawl on
the clamp to prevent loosening of the clamp from the
bracket mount.

[0117] The bracket may include a support arm config-
ured to be secured to a pole, wall or stand.

[0118] As mentioned, any of these variations may in-
clude a deformable region, such as a crushable region,
that may be deformed to lock the position of the appara-
tus. For example, the apparatus may include a crush
ridge within the bracket mount that forms a ring in the
ball socket of the bracket mount. A crush ridge may have
a triangular cross-section. As mentioned, the bracket
mount may be integrally formed as part of the housing.
[0119] Any of the housings described herein may have
a flattened disc or flattened sphere (e.g., saucer) shape.
This shape may permit the device to be compact, and is
particularly well suited for the array antennas described
herein, which may fit, along with the control circuitry, with-
in the walls of the flattened disc housing.

[0120] As mentioned, in some variations the bracket
and/or bracket mount are adapted to have an increased
frictional region, even if a clamp (e.g., ring clamp) is not
tightened down sufficiently to deform a locking or deform-
able member such as a crush ridge. For example, in var-
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iations including a ball joint as part of the bracket, the
inside of the ball joint may be rough or roughened (e.g.,
having an irregular surface, bumpy, knobby, pitted, not
smooth, etc.).

[0121] Any of these apparatuses (devices and sys-
tems) may have a bubble (spirit) level mounted in or on
the housing, such as on the back side of the flattened
disc forming the housing. The spirit level may be located
at the top of the back side, and may allow a person to
adjust the position with reference to the level.

[0122] The antenna may comprise an array antenna
that has a plurality of patch radiating elements, as dis-
cussed and described herein; the housing may enclose
the antenna.

[0123] Also described herein are wireless broadband
access devices that are configurable as a point-to-point
or point-to-multipoint station. These devices mayinclude:
a housing enclosing an antenna and circuitry configured
to send and receive wireless broadband signals using
the antenna, the housing comprising a bracket mount,
wherein the bracket mount comprises a ball socket; a
crush ridge within the ball socket; a bracket configured
to be attached to a wall, pole, or stand, the bracket com-
prising a ball joint that is configured to be held within the
ball socket, further wherein the ball joint has a textured
surface; a clamp configured to be secured to the bracket
mount and to hold the ball joint within the ball socket with
a retaining force, wherein the clamp may be hand tight-
ened to the bracket mount to provide a retaining force
sufficient to permit adjustment of the housing relative to
the bracket and wherein the clamp may be further hand
tightened to lock the ball joint in the ball socket and irre-
versibly deform the crush ridge against the textured sur-
face of the ball joint so that the deformed crush rings
interlock with the textured surface.

[0124] Any of the features of the wireless broadband
access devices described above may be included in this
variation. For example, the clamp and the bracket mount
may engage to form a ratchet lock that allows the clamp
to be tightened to the bracket mount but prevents the
clamp from loosening off of the bracket mount unless a
release catch is engaged. In some variations, the device
includes gear teeth on the bracket mount that engage a
releasable pawl on the clamp to prevent loosening of the
clamp from the bracket mount.

[0125] The crushridge may form aringin the ball sock-
et, or radiating pattern in the ball socket, or both. In some
variations, the crush ridge has a triangular cross-section.
The clamp may be configured as a ring clamp. In some
variations, the bracket mount is integrally formed as part
of the housing.

[0126] Also described herein are methods of using
wireless broadband access devices. For example, meth-
ods of using such devices may include methods of posi-
tioning a wireless broadband access device that is con-
figurable as a point-to-point or point-to-multipoint station
wireless broadband access device. The method may in-
clude: placing a clamp over a first end of a bracket, the
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bracket comprising a ball joint at a second end of the
bracket, wherein the ball joint has a textured surface;
placing the ball joint into a ball socket of a bracket mount
that is connected to a housing of the wireless broadband
access device; attaching the clamp to the wireless broad-
band access device to hold the ball joint within the ball
socket; adjusting the position the wireless broadband ac-
cess device by moving the ball socket relative to the ball
joint; and locking the position of the wireless broadband
access device by tightening the clamp until a crush ridge
within the ball socket of the bracket mount is irreversibly
deformed against the textured surface of the ball joint so
that the deformed crush rings interlock with the textured
surface.

[0127] A method of positioning a wireless broadband
access device may also include securing the bracket to
a surface, pole or mount.

[0128] Attaching the clamp to the wireless broadband
access device to hold the ball joint within the ball socket
may include tightening the clamps to engage a ratchet
between the clamp and the broadband access device
thatallows the clamp to be tightened to the bracket mount
but prevents the clamp from loosening off of the bracket
mount unless a release catch is engaged.

[0129] The step of attaching the clamp may comprise
partially tightening the clamp so that the position of the
wireless broadband access device relative to the bracket
is adjustably held by the ball joint and ball socket.
[0130] In general, adjusting the position the wireless
broadband access device may comprise aiming an an-
tenna within the housing of the wireless broadband ac-
cess device to another wireless broadband access de-
vice.

BRIEF DESCRIPTION OF THE DRAWINGS
[0131]

FIG. 1 is a side perspective view of one variation of
one variation of an amplifying radio and antenna de-
vice for providing wireless broadband access con-
figured for indoor and/or outdoor use as a point-to-
point or point-to-multipoint station.

FIG. 2is a back perspective view of the device shown
in FIG. 1.

FIG. 3 is a top perspective view of the mount portion
of the device shown in FIG. 1.

FIG. 4 is asection though the device of FIG. 1, shown
from the side.

FIG. 5is an exploded view of one variation of a wire-
less transmission station similar to the variations
shown in FIGS. 1-4.

FIGS. 6A-6D illustrate positioning of a wireless trans-
mission station mounted to a pole.

FIG. 7A shows a back view of the wireless transmis-
sion station of FIG. 6A.

FIG. 7B shows a sectional view through the wireless
transmission station of FIG. 6A.
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FIGS. 8A-8D illustrate one example of an antenna
board (PCB).

FIG. 9A is a side perspective view of one variation
of an amplifying radio and antenna device for pro-
viding wireless broadband access configured for in-
door and/or outdoor use as a point-to-point or point-
to-multipoint station, having a mount configured as
a ball and socket mount.

FIG. 9B is a back perspective view of the device
shown in FIG. 9A.

FIG. 10A is a side perspective view of the mount
portion (including a ball mount) of FIG. 9A.

FIG. 10B is a perspective view of a locking ring for
the ball and socket mount of FIG. 9A.

FIG. 10C shows the ball of the mount within the lock-
ing ring.

FIG. 10D is an exploded view showing the assembly
of the ball mount with the housing (including the sock-
et) of FIGS. 9A-9B.

FIGS. 11Aand 11B shows side perspective and side
views, respectively, of an antenna device similar to
the device of FIG. 9A, showing interior detail of the
housing, including an array antenna housed within
the housing.

FIG. 12 shows an exploded view of an antenna such
as the antenna of FIG. 9A-9B, including the housing
and patch antenna (comprising a ground plate
formed of a first sheet of material, and an array of
patch radiating elements, antenna feeds and slant
feed lines formed of second sheet of material.

FIG. 13Aillustrates one example of a patch antenna
that may be included with any of the apparatuses
described herein; the patch antenna shown is an an-
tenna having a 4 Patch, 130mm configuration, which
fits within an housing as described and shown here-
in.

FIG. 13B shows a side view of the antenna of FIG.
13A.

FIG. 14A shows an alternative view of a four-patch
patch antenna similar to the variation shown in FIG.
13A.

FIGS. 14B, 14C and 14D show a side perspective
view, a side view, and an exploded side perspective
view, respectively, of the antenna of FIG. 14A.
FIGS. 15A and 15B show graphs indicating the per-
formance of a 4-pol apparatus such the one shown
in FIGS. 13A-13B.

FIG. 16 shows another variation of a patch antenna
that may be used as described herein. In particular,
the patch antenna may be configured as a 9 patch
(nine emitting surfaces), 180mm device.

FIG. 17 is a side perspective view of the antenna
shown and discussed for FIG. 16 (a 9 patch, 180mm
antenna).

FIGS. 18A and 18B show graphs indicating the per-
formance of a 9-pol apparatus such the one shown
in FIGS. 16-17.

FIG. 19 is a back perspective (elevational) view of
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one variation of a wireless transmission station.
FIG. 20 is a back view of the wireless transmission
station of FIG. 19.

FIG. 21is aleft side view of the wireless transmission
station of FIG. 19.

FIG. 22 is a right side view of the wireless transmis-
sion station of FIG. 19.

FIG. 23 is a bottom view of the wireless transmission
station of FIG. 19.

FIG. 24 is a top view of the wireless transmission
station of FIG. 19.

FIG. 25 is a front perspective (elevational) view of
the wireless transmission station of FIG. 19.

FIG. 26 is a front view of the wireless transmission
station of FIG. 19.

FIG. 27 is an alternative back perspective (elevation-
al) view of a wireless transmission station of FIG. 19.
FIG. 28 is an alternative back view of the wireless
transmission station of FIG. 19.

FIG. 29 is an alternative left side view of the wireless
transmission station of FIG. 19.

FIG. 30is an alternative right side view of the wireless
transmission station of FIG. 19.

FIG. 31 is an alternative bottom view of the wireless
transmission station of FIG. 19.

FIG. 32 is an alternative top view of the wireless
transmission station of FIG. 19.

FIG. 33 is an alternative front perspective (elevation-
al) view of the wireless transmission station of FIG.
19.

FIG. 34 is an alternative front view of the wireless
transmission station of FIG. 19.

FIG. 35is a back perspective (elevational) view of a
wireless transmission station without the bracket
connected to the housing.

FIG. 36 is a back view of a wireless transmission
station without the bracket connected to the housing.
FIG. 37 is a right side view of the wireless transmis-
sion station without the bracket connected to the
housing.

FIG. 38is aleft side view of the wireless transmission
station without the bracket connected to the housing.
FIG. 39 is an alternative bottom view of the wireless
transmission station without the bracket connected
to the housing.

FIG. 40 is an alternative top view of the wireless
transmission station without the bracket connected
to the housing.

FIG. 41 is a back perspective (elevational) view of
another variation of a wireless transmission station.
FIG. 42 is a back view of the wireless transmission
station of FIG. 41.

FIG. 43is aleft side view of the wireless transmission
station of FIG. 41.

FIG. 44 is a right side view of the wireless transmis-
sion station of FIG. 41.

FIG. 45 is a bottom view of the wireless transmission
station of FIG. 41.
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FIG. 46 is a top view of the wireless transmission
station of FIG. 41.

FIG. 47 is a front perspective (elevational) view of
the wireless transmission station of FIG. 41.

FIG. 48 is a front view of the wireless transmission
station of FIG. 41.

FIG. 49 illustrates one variation of a wireless trans-
mission station such as the one shown in FIG. 41
mounted to a post.

FIG. 50A shows a cross-section through a region of
an wireless transmission station (wireless broad-
band access devices) in which the antenna is adapt-
ed to connected to a layered printed circuit board
(PCB) in a manner that minimizes impedance mis-
match by include a conductive clearing region in lay-
ers of the PCB through which the antenna connector
pin (antenna port RF pin) passes before making elec-
trical contact.

FIG. 50B illustrates a top view of a region of any of
the layers through which the antenna port RF pin
passes before making contact, showing the conduc-
tive clearing.

FIG.50C illustrates a top view of a region of the layer
onto which the antenna port RF pin connects with
an antenna contact on this layer.

FIG. 51A shows a back view of a layered printed
circuit board to which an antenna (e.g., array anten-
na) is attached.

FIGS. 51B and 51C show views of intermediate lay-
ers through which the antenna port RF pin passes
without making electrical contact. The layers include
a clearing region (void) that is rectangular shaped,
surrounding the pin.

FIG. 51D illustrates one example of a printed circuit
board to which an array antenna has been attached.
FIG. 52A shows a bottom perspective view of anoth-
er variation of a wireless transmission station includ-
ing an integrated bracket mount and bracket having
a ball joint.

FIGS. 52B and 52C show different variations of wire-
less transmission stations similar to the variation
shown in FIG. 52A; in FIG. 52B the antenna within
the housing is a small 4x4 array antenna; in FIG.
52C the antenna within the housing is a slightly larger
3x3 array antenna.

FIGS. 53A and 53B show partially exploded views
of the wireless transmission station of FIG. 52B, sep-
arately illustrating the housing, bracket (with ball
joint) and clamp (ring mount or ring clamp).

FIGS. 54A-54C illustrate side, top perspective and
bottom views, respectively, of one variation of a
bracket having a ball joint similar to the bracket
shown in FIGS. 53A-53B.

FIG. 55A shows a back perspective view of one var-
iation of a housing of a wireless transmission station
in which a door covering an atrium region has been
removed.

FIG. 55B shows an enlarged view of an indicator
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region on the side of the housing shown in FIG. 55A,
illustrating power, Ethernet connectivity and signal
level.

FIGS. 56A-56F illustrate one method of attaching
and/or positioning one variation of a wireless trans-
mission station.

FIGS. 57A-57C illustrate another variation of a meth-
od of attaching and/or positioning one variation of a
wireless transmission station.

FIG. 58 illustrates adjusting and/or aiming a wireless
transmission station mounted to pole or post.

FIG. 59 shows a return loss plot for one variation of
a wireless transmission station.

FIGS. 60A-60D illustrate antenna patterns (radiation
patterns) for the wireless transmission station of FIG.
59 which includes both vertical and horizontal polar-
ization components.

FIG. 61 is a return loss plot for another variation of
a wireless transmission station.

FIGS. 62A-62D are antenna patterns (radiation pat-
terns) for the wireless transmission station of FIG.
61 which includes both vertical and horizontal polar-
ization components.

FIGS. 63A, 63B and 63C show bottom perspective,
top perspective and side views, respectively, of one
variation of a wireless transmission station; the outer
housing and mount are shown. The housing may be
adapted to enclose an patch array antenna, such as
a 2x2 patch array antenna as illustrated in FIGS.
64A-66B.

FIG. 64A illustrates one variation of a patch array
antenna having a single feed plate including both a
vertical and horizontal polarization feed connection.
FIG. 64B shows the patch array antenna of FIG. 64A
with the antenna emitting elements (patches) re-
moved to show the single antenna feed configured
as a feed plate having both a vertical and horizontal
polarization feed connection.

FIG. 65 is an exploded view of the patch array (2x2)
antenna of FIG.64A, which may be held within a
housing such as the one shown in FIGS. 63A-63B.
FIG. 66A is a side view of the patch array antenna
of FIG. 64A.

FIG. 66B is a side view of the patch array antenna
shown in FIG. 66A with elements removed to illus-
trate the various levels (planes) forming the emitting
elements, antenna feed, ground plate, and radio cir-
cuitry.

DETAILED DESCRIPTION

[0132] In general, described herein are wireless trans-
mission stations including radio and antenna (e.g., com-
bined radio and antenna) devices for providing wireless
broadband access configured for outdoor and/or indoor
use to provide point-to-point or point-to-multipoint com-
munication. Also described herein are antennas, such
as array (patch array) antennas, that may be used as
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part of a wireless transmission station.

[0133] Awirelesstransmission station apparatuses, in-
cluding devices and/or apparatuses, may include a
closed housing that may be sealed or otherwise made
weatherproof/waterproof, an integrated bracket mount
forming part of the housing, and an internal space hous-
ing one or more antennas, and particularly patch anten-
nas (including a plurality of antenna patches, such as
two, three, four, five, six, seven, eight, nine, etc.). Insome
variations, the device also includes a bracket the engag-
es (and may be locked/secured) to the bracket mount on
the rear of the housing to secure the device to pole, stand,
or any other mount. In some variations the bracket and
bracket mount are ball-and-docket brackets/mounts that
permit adjustment of the position of the housing and
thereby the antenna. In some variations the bracket (e.g.,
a socket) is configured as a fixed bracket, i.e., the bracket
isin a permanently fixed position (non-moveable) relative
to the housing or is formed as part of the housing. The
bracket mount and bracket may be configured to coop-
erate to allow the angle of the device (e.g., the altitudinal
angle of the device relative to the pole or mount to which
it has been attached) to be selected. Once selected, the
angle may be fixed. In some variations, the angle may
be permanently fixed, while in other variations the angle
may be later adjusted. The bracket may include a lock
or locking element that may be fixed and/or released to
allow adjustment. Although different examples of appa-
ratuses (including devices and systems) configured as
wireless transmission stations and/or antenna are de-
scribed and illustrated, any of the features of one example
may be combined with features of any of the other ex-
amples. For example, any of the various housing config-
urations may be used with any of the mount sub-systems
and/or any of the antenna examples described herein.
[0134] For example, FIG. 1 illustrates one variation of
awireless transmission station that is an amplifying radio
and antenna device for providing wireless broadband ac-
cess configured for outdoor use to provide point-to-point
or point-to-multipoint communication. In FIG. 1, the de-
vice includes a roughly disc-shaped housing 101 (e.g.,
having a circular top perspective profile). The front or top
of the housing is rounded, and may be dome-shaped,
though relatively flat. This flattened dome shape may al-
low the device to project only slightly but give sufficient
internal room (as described below) to house an array of
antennas in a particular predetermined arrangement).
The back of the housing may be flat or flattened, though
it may also or alternatively includes a flattened dome-
shape. In general the front and back of the fit together to
form an internal cavity into which the electronics and any
cord connectors may fit and be protected (e.g., from the
elements). The internal structures of the device are de-
scribed in greater detail below. In some variations the
housing includes an access (e.g., opening) for a connec-
tion (e.g., apower over Ethernet or POE connection). Any
appropriate power supply may be used with these devic-
es in addition or alternatively to PoE connections. For
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example, in some variations, the device includes an in-
ternal (or external) battery power supply. The devices
may include a power wire connected or connectable to
a power supply (e.g., wall power). The same (or a sep-
arate) access may allow access to internal components
or connections, and may be covered by a door or doors.
For example, in some variations the top and/or bottom
components of the housing include a hinged region that
can swingopen and shut/snap closed. The entire housing
may be sealed or sealable to provide weather and/or wa-
ter resistance/proofing.

[0135] In general, the housing may be formed of any
appropriate material, but particularly plastics or other pol-
ymeric materials. The housing may be formed of two or
more (e.g., three, four, or five) components that are se-
cured together. The housing may be assembled in any
appropriate manner, including welding (e.g., plasticweld-
ing), by adhesive, or the like. The housing is generally
assembled to provide weather/water resistance, as the
device may be mounted outdoors, and may therefore
have to withstand a variety of temperature, moisture, and
UV (weathering) conditions. The outer surface of the
housing may be treated. For example the housing may
be polished, textured, coated, etc., including combina-
tions thereof. The device may be colored or made opti-
cally reflective (e.g., to prevent or reduce damage from
sunlight.

[0136] The housing typically includes a back region
103 including an integrally-formed bracket mount 105,
into which a bracket 107 may be mated. As mentioned,
in some variations the bracket mount is formed as part
of the back of the housing (e.g., is "integrally formed").
In this example, the bracket mount is a concave surface
that includes a track for engaging a bracket 107. Other
bracket mounts (described below) may be socket-type
bracket mounts. Forming the bracket mount integrally
may make the connection stronger, as well as reducing
costs. The housing components may be formed in any
appropriate manner, including injection molding, extru-
sion, or the like.

[0137] In FIG. 1, a bracket 107 is shown attached to
the back of the housing (e.g., in the housing mount), and
includes a release control 111 that will allow the relative
position of the housing to change with respect to the
housing. For example, the bracket may be engaged with
the bracket mount and held (locked) in a position relative
to the housing; pushing the release control may allow the
angle between the housing and the bracket to change.
The device in this example includes a plurality (e.g., 2,
3,4,5, 6, etc.) different pre-set angles that are selectable,
e.g., between 12° and -6°. When the bracket is mounted
to a pole, changing the angle between the bracket and
the housing changes the angle (e.g., tilt, or altitude) of
the device relative to a paired device on another mount
some distance away. Since these devices are configured
for point-to-point or point-to-multiple-point communica-
tion with other devices, changing the angle may dramat-
ically improve performance. FIGS. 6A-6D, described be-
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low, illustrate the different angles.

[0138] The bracket in FIG. 1 also includes a pass-
through (tie pass-through region 115) through which a
securing element (e.g., tie, wire, clip, etc.) may be passed
to tie the device to a pole or other mount. In some vari-
ations the pass-through region in the bracket matches a
pass-through region in the housing (e.g., in the bracket
mount region of the device). Thus, when the bracket is
tied or secure to the post, the housing may also be se-
cured to the post. Other locking or securing means may
also or alternatively be included to secure the bracket to
the housing.

[0139] FIG. 2 shows a back perspective view of the
variation shown in FIG. 1. In this view, the back of the
bracketis shown. In this example, the back of the bracket
includes a concave region 205 configured to mount
against a pole. This region may be any appropriate size,
and/or may be adjustable (e.g., with hinged regions on
the mount, etc.).

[0140] FIG. 3 shows an enlarged view of the bracket
of FIGS. 1 and 2 from a bottom perspective view. The
bracket includes a slotted channel configured to mate
with a portion of the back of the housing. One side of the
bracket (the "top", not visible in FIG. 3) is concave and
configured to mount to a pole. The opposite side (the
"bottom") is rounded or curved (e.g., a convex curve);
this curved surface 305 may engage (along with the inner,
also curved, surface(s) of the slotted channel 303) with
a bracket mount; the curve may allow the angle between
the bracket and the bracket mount.

[0141] The bracket may snap-fit or lock into the bracket
mount. In some variations the bracket and/or the bracket
mount includes set positions in which the bracket may
securely hold the bracket mount. The set positions may
be formed by interference regions between the bracket
and the bracket mount; for example recessed regions on
the bracket mount may engage with one or more projec-
tions on the bracket to hold the bracket (or vice versa)
and housing in a particular relative position. In FIG. 3,
the bracket includes a region 309 including a rocker but-
ton that can be depressed to move a projection out of a
recess in the bracket mount of the housing; the projection
is normally biased inwardly to click or lock into a recessed
region in the bracket mount of the housing. The recessed
regions may be separated by a predetermined distance,
so that the angle of the housing relative to the bracket
may be adjusted by a known amount (e.g., 4° tilt, 5° tilt,
6° tilt, 7° tilt, 8° tilt, 9° tilt, 10° tilt, etc.). In operation, press-
ing the button 309 allows the bracket to slide in the brack-
et mount, which may engage in the slotted channel 303;
sliding changes the relative angle (tilt) between the hous-
ing and the bracket. When the bracket is fixed to a pole,
post, or any other appropriate mount, sliding the bracket
in the bracket mount of the housing allows the angle of
the device to be adjusted and/or set, so that it can be
"aimed" or otherwise directed, e.g., at a second wireless
transmission station. In FIGS. 1-3, the angle/tilt of be-
tween the bracket and housing may be adjusted by push-
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ing the button (rocker button 309) to click into one of a
variety of preset positions. In some variations the bracket
and the bracket mount may be configured to allow con-
tinuous adjustment of the angle. For example, in some
variations the bracket may include one or more pins or
clamps that engage with the bracket mount (or vice versa)
that can be released or locked down at any position. Al-
ternatively other configurations may include preset/pre-
determined positions.

[0142] In some variations the bracket may be config-
ured to lock onto the housing to prevent the housing from
being removed (e.g., as an anti-theft deterrent) once it
has been mounted to a pole, post or the like. In some
variations the lock is a snap-fit or clamping region within
the housing mount and/or bracket; once the bracket is
engaged with the housing (e.g., by sliding the housing
mountinto the slot of the bracket), a portion of the bracket
may be snapped into position to hold the two pieces to-
gether, while still allowing the bracket to slide relative to
the housing. For example, the bracket may include one
or more (e.g., two) projecting pieces (e.g., wedges) that
can be deflected slightly as the bracket is engaged with
the bracket mount; once the bracket is fully engaged, the
projecting pieces return to their non-deflected position,
preventing the bracket from being removed from the
housing.

[0143] In some variations the bracket includes a pas-
sage or window 311 that is transverse to the concave
region (and/or the front curved surface) through which a
tie, belt, strap, or other securement can be passed to
secure the bracket (and housing) to a pole, post, or the
like. In some variations the securement may be integral
to the bracket and/or housing; for example, a belt or strap
may extend from the bracket and/or housing and be con-
figured to wrap around a pole, post, or the like, and secure
to the opposite side of the bracket and/or housing (not
shown). In some variations the securement is a zip-tie
structure that can be used to constrict the bracket to a
pole, post of the like.

[0144] In FIGS. 1-3, the bracket includes a passage
thatis transverse to the long axis (and the slotted channel
303), and configured so that a zip tie may be passed
through the passage to secure the bracket and the hous-
ing of the device to a pole. In some variations the housing
also includes a complimentary opening or set of opening
(e.g., at different predetermined positions) that may align
with the opening/passage on the bracket. Thus, the pas-
sage may allow the coupled bracket and housing to be
secured to a pole or post by passing through both the
passage/opening on the bracket and the complimentary
opening(s) on the housing. The aligned openings may
operate as both the lock (securing the bracket and hous-
ing to a pole, post, etc.) and a predetermined position/an-
gle selection. For example, the opening through the
housing and/or bracket may allow the angle of the device
to be selected based on which holes between the two
are aligned and used to tie the device to the post.
[0145] In general, the devices described herein are
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configured as wireless transmission stations. Thus, they
typically include internal (within the housing) components
that are configured to allow the device to operate to send
and transmit broadband. For example, these devices
may be configured to allow them to provide time-division
multiple access (TDMA) wireless access. These wireless
transmission stations may be specifically configured for
operation outside, where they can communicate with oth-
er wireless transmission stations and/or antenna for
broadband communication over intermediate (e.g., less
than one to one or more kilometers) to long (tens to hun-
dreds of kilometers) distances. Thus, in general, these
devices include one or more processors configured to
process digital data for receipt and transmission by a
plurality of individual antennas arranged within the hous-
ing.

[0146] FIG. 4 illustrates one variation of a wireless
transmission station in cross-section, illustrating the in-
ternal compartment of the housing. In this example, the
housing 401 is assembled (as mentioned above) from a
flattened-dome shaped front piece 403, and a back piece
including a bracket mount 405. The housing may be at-
tached to a bracket for mounting, as discussed above.
The internal portion of the housing may hold the circuitry
on one or more printed circuit boards (PCBs) 411, 411°.
Inthis example, two antennas 413, 413’ are shown within
the housing, mounted on a PCB 411’ ("antenna board")
that is held within the housing.

[0147] Any appropriate type and number of antenna
may be used. These antennas may be arranged as a
collective antenna system (sub-system). As used herein,
these collective antenna systems/sub-systems may be
referred to as "microstrip antenna," "patch antenna" or
"patch antenna". Prior art patch antenna are typically nar-
rowband, wide-beam antenna that are often fabricated
by etching the antenna element pattern in metal trace
bonded to an insulating dielectric substrate, such as a
printed circuit board, with a continuous metal layer bond-
ed to the opposite side of the substrate which forms a
ground plane (or ground plate). Common patch antenna
shapes are square, rectangular, circular and elliptical,
but any continuous shape is possible. As used herein, a
patch antenna does not have to use a dielectric substrate,
or dielectric spacers. Further, the patch antenna de-
scribed herein may be formed of metal that is bent,
pressed soldered, or the like. The metal may be, butdoes
not necessarily have to be, etched. Forexample, the met-
al may be cut by mechanical means, including the use
of a mandrel that both cuts and bends the shape as de-
scribed herein. Exemplary variations of patch antenna
are show in FIGS. 4-5 and 8A-8D. Each individual an-
tenna may be referred to as a patch or patch antenna;
the combination may be referred to as a For example, in
some variations, four antennas (arranged in abox pattern
across the antennaboard) are present; in other variations
five, six, seven or eight antennas are used. The antennas
are typically arranged across the antenna board.
[0148] For example, in some variations, the antennas
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are NBE5-130 antennas that are circular-shape printed
circuit board (PCB) antenna made using FR408, 30 mils
thick PCB stamped metal structures. Another example
is shown in FIGS. 8A-8D. In this example, the antenna
design provides about 14.5dB gain for each polarization
(vertical/horizontal). FIG. 8A shows a top perspective
view of an exemplary antenna board having five anten-
nas formed as PCB 801 antennas including stamped
metal structures 803. FIG. 8B is a schematic of the an-
tenna board of FIG. 8A showing the feeds connecting to
each of the antenna on the PCB. FIG. 8C is a three-
dimensional schematic of the antenna board (showing
dimensions in x, y and z). Finally, FIG 8D is a three-
dimensional rendering of the antenna board. The upper
ring 811 is included (as in FIG. 8C) to indicate the height
of the antenna board in the z direction.

[0149] Returning to FIG. 5, FIG. 5 shows one variation
of a wireless transmission station in an exploded view,
illustrating the five components that may be assembled
to form the device. In this example, the housing is formed
by a front enclosure 501 that is configured to seal to a
rear enclosure 507; the rear enclosure also include a
door 509 that is secured (e.g., by hinging, snap fitting,
etc.) to the rear enclosure. Two printed circuit boards are
contained within the assembled housing, an antenna
board 509 and a radio board 505. The radio board 505
and antenna boards 503 are configured to connect to
each other within the housing to allow a controller to con-
trol transmission and receipt of broadband information
from the antenna. In this example, the power to power
the device may be provided by a power over Ethernet
(PoE) cable (not shown) that is connected within the
chamber formed by the door 509 though the rear enclo-
sure 507 to plug into a connector on the radio board 505.
[0150] As mentioned above, the angle of the devices
described herein may be adjusted before, during or after
mounting to a stand, pole, wall, etc. For example, FIGS.
6A to 6D illustrate side perspective views of one example
ofadevice mounted to a pole 601 by securing the bracket
605 to pole, then coupling the bracket 605 to the housing
607 as discussed above. Alternatively, the bracket may
be first coupled to the housing, and then attached to the
pole.

[0151] In FIG. 6A, the device is shown in a "neutral
position" also referred to as "horizontal"; the hosing 607
is parallel to the bracket 605 and pole 601, so that, if the
pole is positioned vertically, the housing (and thus the
internal antenna) is facing horizontally. The angel of the
housing may then be adjusted as mentioned above, by
sliding the housing relative to the bracket; in some vari-
ations a release button (not shown), allowing a change
of position between the housing and the bracketby sliding
the bracket within the bracket mount of the housing. In
some variations the bracket mount and bracket include
a number of preset positions (tilt positions) that can be
selected. For example, in FIGS. 6A-6D there are four
pre-set positions (0°, 6°, 12° and -6°, respectively). The
angle is achieved by the interaction between the curved
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surface of the bracket 605 and the receiving region of
the housing mount in the housing 607. In FIG. 6B, the
housing is positioned at a predetermined angle of 6° "up"
(from the horizontal or 0° horizontal position). In FIG. 6C,
the bracket and housing (e.g., integrated bracket mount)
may be engaged at a third predetermined position, tilting
the housing at a 12° "up" position, as illustrated. In FIG.
6D, the bracket and housing are shown engaged at a
fourth predetermined position that holds the housing at
a 6° "down" position. Once the tilt of the housing is posi-
tioned as desired in any of the predetermined positions
illustrated, the housing may be locked into position, as
mentioned above. In some variations the housing may
be permanently locked (e.g., or non-adjustably locked),
e.g., by tying, fastening, screwing, or otherwise securing
the housing to the mount and/or post when in the prede-
termined position. For example, the housing or mount
may include a screw and/or threading that can be se-
cured.

[0152] The bracket and housing maybe adjusted after
mounting the bracket (e.g., to a post, holder, wall, etc.);
however, in some variations the tilt angle may be adjusted
before securing the bracket to the post or other object.
In some variations, mounting the bracket to the post or
other object may lock the tilt angle relative to the housing.
[0153] FIG. 7A illustrates a back view of a device that
has been mounted to a post as illustrated in FIG. 6A. In
this example, the door 703 is shown on the back of the
housing 701 and the housing is connected (via mount,
not visible in FIG. 7A) to a post 705. A section though
FIG. 7A (along lines B-B’) is shown in FIG. 7B. In this
example, the housing is shown coupled to the bracket
707. A release control button 711 on the bracket 707 is
shown engaged in a preset position (cavity 715) of the
bracket mount 713 in the housing 701. In this variation,
pushing on the release control button allows the housing
to slide relative to the bracket so that the release control
button can engage with other slots in the bracket mount
713.

[0154] Although various illustrative embodiments are
described above, any of a number of changes may be
made to various embodiments without departing from the
scope of the invention as described by the claims. For
example, the order in which various described method
steps are performed (or structural elements are connect-
ed) may often be changed in alternative embodiments,
and in other alternative embodiments one or more ele-
ments or method steps may be skipped altogether. Op-
tional features of various device and system embodi-
ments may be included in some embodiments and not
in others.

[0155] FIGS. 9A and 9B illustrate another variation of
a housing for a radio and antenna device for providing
wireless broadband access. In this example, similar to
the variation shown above for FIGS. 1-3, the housing
includes a dome-shaped housing body 101’ including a
front (or upper) region 101’ and a back (or lower) region
103’. The housing may be secured together as described
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above. In this variation, the back region 103’ includes a
mount region (bracket mount) configured as a socket for
a bracket including a ball region, forming part of a ball-
and-socket joint allowing articulation of the housing rel-
ative to a surface to which the housing has been mount-
ed. The bracket 905 in this example includes a ball 907
and a stem 909 region. The mount assembly including
the bracket mount (in the back of the housing) and the
bracket 905 may also include a securement 911 that can
be secured to the rest of the bracket mount to hold the
ball of the bracket in place; further adjusting this secure-
mentmay lock the ball against the bracket mount, holding
it in place. This interaction is described in greater detail
below in FIGS. 10A-10D.

[0156] In some variations, the housing also includes a
levelindicator 915. The level indicator may be a mechan-
ical and/or electric level indicator. For example, in FIG.
9B, the level indicator 915 is a bubble-type level ("spirit
level") that indicates whether a surface is horizontal (lev-
el) or vertical (plumb). Any appropriate type of level may
be used, including convex and/or concave, bull’s eye, or
other shaped/type of levels. Electronic levels may also
be used.

[0157] Therear enclosure (back region 103’) may also
include a door or access 917, as mentioned, that may
provide access, particularly to connectors/outlets, plugs,
cabling, and the like.

[0158] FIGS. 10A-10D illustrate the operation and in-
teraction of the bracket and mount for the variation shown
in FIGS. 9A-9B. An example of a ball-type bracket 1001
is shown in FIG. 10A. In this example the ball region is
formed at the distal end and is connected to a stemregion
that includes a pass-through (tie pass-through region
1015) through which a securing element (e.g., tie, wire,
clip, etc.) may be passed to tie the device to a pole or
other mount. The bracket may be formed of any appro-
priate material, including plastics (polymers) and may be
formed by any appropriate means. The ball may be solid,
or may be formed with cut-out regions (e.g., having "fins"
or ribs forming the ball region, as shown in FIGS. 10A-
10D); this may make it lighter and may also enhance the
strength and lockability.

[0159] FIG.10B shows one variation of a securement
911 that can be used. This securement is locked down
by screwing into a threaded region on the back housing
(the mount region of the back housing). As shown in FIG.
10C, the mount may be passed through the securement
before attaching to the housing, as further illustrated in
FIG. 10D. As shown in FIG. 10D, the securement (which
may also be referred to as a hold-down, keeper, lock or
the like) holds the ball within the socket in the back hous-
ing. The securement 911 includes internal threads 1022
that may mate with threads 1021 on the back housing.
The back housing and securement may also engage a
pawl element 1025 on the securement (as shown in FIG.
10D) or on the housing (not shown). The pawl may en-
gage teeth in the housing to allow discrete adjustment of
the securement, while limiting motion (e.g., permitting
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motion only clockwise or counterclockwise). In some var-
iations this interaction may form alock allowing tightening
of the ball joint, but preventing it from loosening or un-
locking unless a release (e.g., release element 1027) is
engaged, e.g., by pushing. The exploded view of the
bracket and mount (mounting subsystem) in FIG. 10D
includes directional arrows showing how the bracket,
bracket mount and securement may be assembled.
[0160] FIGS. 11A-11B illustrate a section view of one
variation of aradio and antenna device for providing wire-
less broadband access (apparatus) having the housing
described above in FIGS. 9A-10D. Similar to FIG. 5, de-
scribed above, the apparatus includes a housing 1101,
and the antenna assembly 1103 is housed within the
housing. The antenna assembly 1103 is shown in the
exploded view of FIG. 12, and may include a patch an-
tenna formed of a multiple patch antenna mounted to a
ground plate and a circuit board providing the feed to the
antenna. Additional detail on the antenna is provided be-
low with reference to FIGS. 13A-14D.

[0161] InFIG. 12, the dome-shaped upper cover 1201
isremoved, showing the patch antenna 1203 and a circuit
board 1205 (e.g., PCB) to which the circuitry may be
mounted. The lower cover 1207 is also shown.

[0162] FIG. 13A shows more detail on one variation of
apatch antenna. In general, a patch antenna may include
a ground plane (plate) forming a first plane. As men-
tioned, the ground plane may be non-dielectric material
(e.g., including conductive materials such as metals).
The patch antenna may also include multiple patch radi-
ating elements (patches) that are positioned in a second
plane above the ground plane, so that they are separated
from the ground plane. Each patch radiating element may
have a radiating surface extending in the second plane.
The radiating surface may be connected (e.g., by a screw
or other connection) to the ground plane, providing
grounding to each patch. The path between the emitting
elements (e.g., 1403) and the ground plate 1413 may be
insulated to prevent grounding the antenna radiating el-
ements.

[0163] In some variations, unlike traditional microstrip
antennas, the patch radiating elements in the patch an-
tennas described herein may have surface areas (and/or
shapes) of the radiating surfaces of different patches that
vary from each other within some range of values, typi-
cally centered around a central value. For asquare and/or
rectangular radiating surface, the central value may be
approximately the square of one-half of the wavelength
of radiation of the patch antenna. For example, the sur-
face areas of all, most, or some of the radiating surfaces
forming the patch antenna may be different but between
about 0.1% and 20.0% of each other.

[0164] FIGS.64A-65B, described in detail below, illus-
trate a similar variation in which the shapes of the antenna
antenna radiating elements are approximately the same
size, though the design may share may of the other fea-
tures of the apparatuses described in FIGS. 14A-14D.
[0165] InFIG. 14A-14D, theradiating surfaces forming
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the patches are connected to an antenna feed that is
divided up into different regions; the antenna radiating
elements are each connected by one or more feed lines.
The antenna feed(s) may be arranged in a third plane
that is located between the plane of the radiating ele-
ments and the ground plane. Positioning the antenna
feed out of the plane of the radiating elements may re-
duce line radiating and enhance performance. In this ex-
ample, the antennaradiating elements are each connect-
ed to two or more feed lines, configured as slant feed
lines. These connecting elements (slanted risers) may
connect each radiating element to a microstrip line. The
antenna feeds may be arranged so to form a dual polar-
ized configuration (e.g., vertical polarization and horizon-
tal polarization), as illustrated below. This dual polariza-
tion may avoid the need for cross-overs in the microstrip.
[0166] The dimensions of the antenna feeds connect-
ing the radiating elements of the patches may be irreg-
ular; for example, rather than rectangular shapes be-
tween radiating elements, the edges of the antenna feeds
may vary, so that the distance between the edges along
the length of an antenna feed (the width) varies. Thus,
the width of an antenna feed extending in the plane be-
tween the ground plane and the emitting surface may
vary along its length.

[0167] Because the antenna feed(s) and slant feed
lines are located in a different plane above the ground
plate than the radiating surfaces, the patch radiating sur-
faces may be positioned closer to other in the same plane
while still maintaining a distance that is within a wave-
length or half-wavelength multiple of the wavelength of
radiation of the patch antenna. Thus, the distance be-
tween adjacent patch radiating surfaces maybe smaller
than one-half wavelength of the wavelength of radiation
of the patch antenna because the actual distance energy
will travel between them follows the shortest path along
the length of the first slanted riser, antenna feed and sec-
ond slanted riser.

[0168] The patch radiating surfaces (patch radiating
elements) may be connected to an adjacent patch radi-
ating surface (element) such that one radiating surface
is connected to a another radiating surface by a first slant
feed line, an antenna feed, and second slant feed line,
to form a set of patch radiating elements. The distance
between a midpoint of the first radiating element and a
midpoint of the second radiating element may be approx-
imately one wavelength of radiation of the patch antenna
when measured as the shortest distance between the
midpoint on a surface of the first patch radiating element,
down a surface of the first slant feed line, along a surface
of the antenna feed, up the surface of the second slant
feed line, and back along the surface of the second patch
radiating element.

[0169] In general, the patch array antenna apparatus-
es described herein may be configured to include both
vertical and horizontal polarization. For example, a sub-
set of the antenna feeds may be configured as a vertical
polarization feed network connected to a first radio con-
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nection point, and the other antenna feeds may be con-
figured as a horizontal polarization feed connected to a
radio connection point. Each patch radiating element
may also be connected to the ground plate through a
grounding attachment, which may provide EMI protec-
tion, acting as a high pass filter, e.g., protecting against
discharges such as from lightening, which would be fil-
tered out by the ground connection.

[0170] Returning now to FIG. 13A, this figure shows
one variation of a patch antenna having four patches
(thus, having four antenna radiating elements and sur-
faces). In this example each patch (emitter) 1303 shown
has slightly different dimensions in the x and y direction
(in the plane of the radiating surfaces) but are located in
the same (z) plane. In this variation, a subset of the an-
tenna feed lines connecting the patches to a feed form
a vertical polarization (v-pol) network (or v-pol network
feed) 1307, which is connected to a radio connection
point 1305. Similarly, a horizontal polarization (h-pol) net-
work formed of a subset of the antenna feeds is also
connected to each patch and to form an h-pol network
feed 1309 that is connected to a radio connection point
1305. All of the antenna feeds are between the emit-
ting/receiving patch surfaces 1303 and the ground plane
1313. The antenna feeds connect to the sides of the
patches via slant feed lines 1304.

[0171] FIG 13B shows a side view of the exemplary
patch antenna from FIG. 13A, including the ground plane
(plate) 1313. Two of the four patches (each with an emit-
ting surface 1303) are visible, and antenna feeds 1309
and slant feed lines 1304 are shown. The radio connec-
tion points 1305 for both the v-pol network and the h-pol
network are also visible; not visible are the connections
to the circuit (e.g., PCB) which may be located beneath
the ground plane 1313, as shown in FIGS. 11 and 12.
The scale bars provided in FIGS. 13A (showing 50 and
100 mms) and FIG. 13B (showing 30 and 60 mm) are
exemplary only, and are not intended to be limiting; the
actual dimensions of the patch antenna may be different
both collectively and/or in individual parts. As illustrated
in FIGS. 15A and 15B, which demonstrate the behavior
of the patch antenna sub-system of FIGS. 13A and 13B
the antenna gain may be between 15-16dB for such a
system. In addition, this embodiment may be within the
5.15t0 5.85 GHz band; adjusting the separation between
the ground plate and the emitting surface may adjust the
bandwidth.

[0172] The antennas described herein may be config-
ured to be particularly compact. For example, the spacing
between individual patches of the array of patches form-
ing the patch antenna may be more closely packed than
otherwise permitted when maintaining signal phase and
gain. Typically the distance between emitting/receiving
surfaces must be maintained at a multiple of the wave-
length (or half-wavelength) of the antenna, so that the
patches will radiate with the same phase and in the proper
direction from the plane of the emitting surfaces, (e.g.,
perpendicular to the plane of the emitting surfaces). For
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example in FIG. 13, an signal from the top left patch (with
reference to the figure) to the adjacent bottom left patch
(with reference to the figure) must experience a 360
phase shift so that it is also in-phase when emitted by
both patches. Since each patch is about 2 wavelength
long, the distance from the center to the edge of the patch
is approximately 1/4 wavelength, thus the total distance
traveled by the signal between the two patches should
be approximately another one-half wavelength. This dis-
tance is the length of the antenna feed between the two
patches as well as the length of the slant feed lines. Since
the slant feed lines extend out-of-plane, the spacing be-
tween the adjacent edges of the patches may be less
than this one-half wavelength distance. Note that feeds
forming the v-pol network and the feeds forming the h-
pol network are out-of-phase (e.g., by V2 wavelength) be-
cause the polarization is flipped.

[0173] In general, the patches forming the patch an-
tenna (and specifically, the emitting areas, or emitting
surfaces/regions, of the patches) may be slightly different
sizes in a single patch antenna. For example, the sizes
(and shapes) of the patches may all be slightly different,
but within a predetermined range relative to the opera-
tional wavelength(s) of the patch antenna. For example,
each feed in the array may be close to > wavelength in
length, as mentioned above. However, if (as with prior
art devices) the feeds are all exactly the same V2> wave-
length length, the resulting array factor would provide
high side lobes, which may be undesirable. When, as
described herein, the distance between adjacent con-
nected patches (which may be "length" in one, e.g., x,
direction and "width" in another, e.g., y, direction) are
slightly different, but centered around the desired fre-
quency of the antenna, this effect may be reduced. Since
the phase for all of the patches is ideally optimized so
thatthe patches have approximately the same powerand
same phase, if reflections from the patches return to the
radio connection point from identical patches, then the
four patches would send the energy back at that frequen-
cy, combined in phase, at the radio point. By modifying
the sizes of the patches slightly (so that each length is
different), this effect can be minimized without sacrificing
the overall phase and power. The slant feed lines that
ramp up between the patches, which allow tighter pack-
ing between patches described above, may also help
suppress the energy emitted in the x and y directions.
[0174] FIG. 14Ais another example of a array antenna
sub-system that may be included in a housing to form a
radio and antenna device for providing wireless broad-
band access. In FIG. 14A, the top view (looking down on
the patches forming the patch antenna) shows for patch-
es 1403, 1403’, 1403", 1403" each of slightly different
size dimensions. Each of these patches is connected via
a screw 1419 to the ground plane 1413. The radio feeds
1415, 1415’ connected to the v-pol and h-pol antenna
feed networks 1407, 1409, respectively, are also shown.
[0175] Inthe side perspective view of this antenna feed
antenna shown in FIG. 14B, the spacing (in z) between
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the patch emitting surfaces 1413, the antenna feeds
1409 and the ground plane 1413 may be seen. The side
view of FIG. 14C makes this even more apparent. For
example the separation between the ground plane and
the antenna feeds may be about 6 mm and the separation
between the ground plane and the antenna feed may
also be about 6 mm.

[0176] In general, the patches may be formed by using
amandrel or other device to press/form/shape the emitter
(patch) surfaces, slant feed lines and antenna feeds from
a single piece of material, such as a plate of steel, brass,
copper, or any other appropriate material. The shapes
ofthe patch, slantfeed lines and antennafeeds (including
the radio feeds) may be pre-cut into the material before
pressing; in some variations the pressing and cutting may
be combined. Once the shaped sheet of material has
been formed to the multi-planar shape (e.g., separating
the plan of the emitter surfaces from the plane of the
antenna feeds by a predetermined amount), the structure
may be connected (e.g., via screws, welding, etc.) to the
ground plane. For example, the two components may be
spot welded together. The structure may be concurrently
or sequentially connected to a printed circuit board (PCB)
to which the controller hardware/firmware has been (or
will be) attached.

[0177] FIGS. 16 and 17 show front/top and side views,
respectively of another variation of a patch antenna; this
variation includes nine patches. The same principles of
operation and construction discussed above for the four-
patch antenna in FIGS. 13A-14D also apply. As in the
four-patch example, the nine patches can be arranged
above the ground plane with the antenna feeds between
the ground plate and plane of the patch emitter surfaces.
In both examples the antenna feeds are arranged as v-
pol and h-pol networks, and the antenna feeds have a
variable width along their length; in FIG. 16 the antenna
feeds have angled, somewhat irregular appearing sides.
[0178] As discussed above, these patch antennas are
configured so that the phase is maintained by having the
patches connected by line that have a phase length of
either 180° (half wavelength) or 360°(full wavelength).
This design may not include a dielectric (e.g., ground
plate) that would slow the wave. Without the slant con-
nection between the patch and the antenna feed, the
spacing of the patches should be a half wavelength; how-
ever, the slant connection allows the spacing is tighter.
This tighter spacing also helps to avoid grating lobes that
would reduce gain and raise side lobes. FIGS. 18A and
18B illustrate performance of a patch antenna as shown
in FIGS. 16 and 17.

[0179] FIGS. 19, 20, 21, 22, 23, 24, 25 and 26 show
different views of the outside of one variation of a radio
and antenna device for providing wireless broadband ac-
cess. This variationincludes a bracket and bracket mount
similar to those described for FIGS. 1-3, above. FIGS.
27, 28, 29, 30, 31, 32, and 33 also show different views
of the outside of a variation of a radio and antenna device
for providing wireless broadband access, also including
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a bracket and bracket mount similar to those described
for FIGS. 1-3. FIGS. 34, 35, 36, 37, 38, 39 and 40 also
show different views of the outside of a variation of a
radio and antenna device for providing wireless broad-
band access, also including a bracket and bracket mount
similar to those described for FIGS. 1-3. Finally, FIGS.
4,42, 43, 44, 45, 46, 47 and 48 show different views of
the outside of a variation of a radio and antenna device
for providing wireless broadband access, having a ball-
and socket type bracket and bracket mount similar to
those described for FIGS. 9A-11B. FIG. 49 shows one
variation of aradio and antenna device for providing wire-
less broadband access mounted to a pole; the angle of
the device is adjustable, as shown by the arrows in FIG.
49.

[0180] Any of the wireless broadband access appara-
tuses described herein may be adapted to minimize the
impedance mismatch between the antenna, such as an
array antenna as described and illustrated above, and
the circuitry, such as a printed circuit board (PCB), and
especially alayered PCB. Itis important that the interface
between the PCB and the antenna are electrically
matched so that impedance mismatch is minimized. In
the wireless broadband access devices described here-
in, this may be achieved by forming clearing regions
around the RF input/output pin connecting the antenna
to a layer of the PCB. These clearing regions may be
regions where there is no a substantial amount of con-
ductor (e.g. copper) or conductive material around the
pin(s) where they pass through and/or contact the layers
of the PCB other than the layer to which they make elec-
trical contact. Such regions may be referred to as "clear-
ing regions" or conductive voids, or copper voids.
[0181] FIGS. 50A-50C illustrate a cross-section
through aregion of an antenna, ground plate, and layered
PCB showing a clearing region around an antenna port
RF pin. The antenna port RF pin 5003 provides input/out-
put from the antenna, such as an array antenna. In some
variations the antenna port RF 5003 connects to a hori-
zontal polarization feed; in other variations it connects to
a vertical polarization feed. In FIG. 50A, the clearing re-
gion 5001 is formed as a physical clearing between the
layers (layers 2-6) and the ground plate 5005 as the an-
tenna port RF pin extends down to the first layer (layer
1) where it makes an electrical connection with an an-
tenna contact 5007. In this example, the clearing region
is an enlarged cut-out region 5001 in which all of the
layers of the PCB 5009 except the layer holding the an-
tenna contact 5007 are recessed around the antenna
port pin 5003. In some variations these additional (non-
contacting layers 2-6) are not cut away from the pin 5003,
but no conductive material is present on the layers within
the clearing region. For example, the pin 5003 may ex-
tend through the different layers (layers 2-6) and may
even contact the layer, but there is not conductive mate-
rial (e.g., copper) within the clearing region (e.g., within
0.5 mm, 1Tmm, 1.5mm, 1.9 mm, etc.) of the pin in each
layer.
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[0182] FIG. 50B shows a top view of any of the inter-
mediate layers (layers 2-6) through which the pin 5003
passes but does not make electrical contact. In FIGS.
50A and 50B, a pair of ground pins 5011 extend adjacent
to the antenna port RF pin 5003 from the antenna. The
ground pins also pass through the layers, as shown in
FIG. 50B, but do notinclude a substantial clearing region
around them, and may make electrical contact with one
or more of layer 2-6. FIG. 50C shows a bottom view of
layer 1, which does not include the clearing region; in
layer 1, the antenna port RF pin 5003 makes electrical
contact with a connector (e.g., antenna contact 5007).
The connector then extends in layer 1 of the PCB from
the antenna port RF pin, but does not pass between the
ground pins 5003. In FIG. 50C, the antenna contact ex-
tends in the opposite direction from the ground pins.
[0183] In operation, the clearing region around each
antenna port RF pinis avoid (e.g. copper void or electrical
conductor void) region which creates an almost coaxial
structure in the z-axis of the PCB board around the pin
as it transitions through the layers (e.g., from layers 6 to
1). In the example illustrated above, layer 1 is the RF
PCBA design contact.

[0184] FIGS.51A-51D illustrate one variation of aradio
and antenna device (wireless broadband access device)
for providing wireless broadband access configured for
use as a point-to-point or point-to-multipoint station that
incorporates a clearing region around each of two anten-
na port RF pins (one for vertical polarization and one for
horizontal polarization). FIG. 51A shows a back side view
of a PCBA antenna having a pair of antenna port RF pins
5101, 5101°. Each pin 5101, 5101" makes electrical con-
tact with an antenna connector 5103, 5103’ that extends
away from (and not through) a pair of ground pins 5105
extending from the ground plate. FIG. 51A may corre-
spond to "layer 1" in the exemplary variations described
above.

[0185] FIG. 51B shows an example of one of the ad-
ditional layers through which the pin 5101 passes. Much
of the surface of the layer includes a conductive material,
such as copper, but there is a rectangular clearing region
5109,5109’ around the antenna port RF pins 5101,5101".
In this example, the space free of conductive material
extends approximately 1.91 mm in the y direction
(up/down axis relative to FIG. 51B), and approximately
2.14 mm in the x direction (right/left axis relative to FIG.
51B). Thus, the distance from the pin to the copper tracing
in this layer is greater than about 1.9 mm on all sides.
Similar clearing 5109, 5109’ regions are shown in FIG.
51C around the pins 5101, 5101’, and these clearing re-
gions are repeated across all of the copper-containing
layers to help achieve a coaxial type of structure around
the pin.

[0186] FIG.51D shows acombined PCB for a wireless
broadband access device that is connected to a ground
plate 5111.

[0187] FIGS. 52A-52C illustrate two variations of wire-
less broadband access devices including a housing that
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is formed as a flattened disc, and include a bracket mount
as part of the back side of the housing. FIG. 52A is a
back perspective (elevational) view of a wireless broad-
band access device 5200 having an integrated bracket
mount (not visible in FIG. 52A) configured as a ball socket
to receive a ball joint of a bracket 5205. In this example,
aring clamp 5207 is screwed into the bracket mount, and
can be finger tightened to hold the mount (the ball joint
5205 of the mount) within the bracket mount with adjust-
able force. For example, the clamp (ring clamp 5207) can
be tightened down relatively loosely to allow the ball joint
to be moved by a user manually to adjust the position of
the wireless broadband access device, e.g., to align the
device with another wireless broadband access device
or devices.

[0188] Asillustrated in the variations described above,
the device in FIG. 52A also includes a spirit (bubble) level
5209 on an upper region of the back surface. This bubble
level may also be used to help position the device, by
indication when the device is level (relative to the bubble).
The bubble clamp may be configured to be aligned with
a predetermined side of the antenna array within the
housing (e.g., in the direction of the horizontal polariza-
tion axis or alternatively the vertical polarization axis),
which may further help guide positioning. In FIG. 52A,
the housing also includes a door 5215 with a finger slider
region 5217 that can be used to open the door 5215 ex-
posing an atrial chamber in the housing where a plug-in
region (e.g. for a PoE plug and cable) may be connected
(not visible in FIG. 52A). An opening 5221 through the
door 5215 may allow passage of a cable (power cable
and/or PoE cable).

[0189] FIG. 52B shows a first variation of a housing for
awireless broadband access device similar to that shown
in FIG. 52A. In this variation the integrated bracket mount
5203, which is formed as part of the same process form-
ing the rest of the housing, is visible, as the bracket 5205
shown in FIG. 52A has been removed, as has the clamp
5207, showing the inside of the bracket mount. In Fig.
52B, the bracket mount includes part of a ratcheting
mechanism that allows the ring clamp to be selectively
tightened down on the back of the housing to secure a
ball joint within the ball socket 5203, but prevents loos-
ening (e.g., unscrewing) of the ring clamp and bracket
without engaging a release. The release may include a
button or other control for disengaging a pawl element
(e.g., in the ring clamp) from the teeth of the racketing
region 5231 of the housing or the bracket mount portion
of the housing.

[0190] Theinside of the bracket mount, and specifical-
ly, the ball socket region of the bracket mount, shown in
this example may be specifically adapted for use with a
ball socket, to allow the joint to hold the mount stably
even under the weight of the wireless broadband access
device. For example, the socket-like inner surface(s) of
the mount region may be sandblasted or otherwise
roughened, to more readily engage with the surface(s)
of the ball socket. The ball join surface(s) that engage
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with the ball socket may also be textured, roughened, or
otherwise modified to prevent undesirable slipping.
[0191] In FIG. 52B, the inside of the ball socket region
5203 also include a plurality of crush ridges (although on
a single crush ridge) may be used. In this example, the
crush ridge 5233 is a slight protrusion in the surface of
the ball socket region that has a roughly triangular cross-
section. A plurality of crush ridges 5233 are shown ar-
ranged in concentric circles. In operation he crush ridges
help prevent slippage of a bracket within the bracket
mount (e.g., the ball joint); once sufficient force is applied
by the ring clamp (e.g., by further manually tightening it),
the ball joint will permanently crush (deform) the crush
ridge, and the deformed surface will mate with any irreg-
ularities in the surface of the ball joint, as described be-
low. This interaction may help lock the ball joint and hold
the position of the wireless broadband access device. In
FIGS. 52A-52B, the position may be held until the control
is activated allowing unscrewing of the ring clamp by re-
leasing the pawl from the teeth 52310fthe device.
[0192] FIG. 52C illustrates a slightly larger version of
the wireless broadband access device such as the ones
shown in FIGS. 52A and 52B. The bracket mount region
5203’ is virtually identical between the two regions, al-
lowing the same ring clamp (5207, e.g., as shown in FIG.
52A) to be used with these different sized devices. In
some variations the smaller device as shown in FIGS.
52A and 52B houses a small variation of the array an-
tenna (e.g., a 2x2 antenna having four emitting ele-
ments). The larger size device shown in FIG. 52C may
be used to house a larger array antenna, including a 3x3
or 9 emitting element variation described above. In the
variation shownin FIG. 52C, the overall housing is larger,
but the essential features are nearly identical; in FIG.
52C, the mount region is centered, whereas in FIG. 52B
the mount region is off-centered.

[0193] 53A-53B show exploded views of a wireless
broadband access device such as the one shown in FIG.
52A and 52B. In this example, the housing 5303 for the
apparatus is shown with the ring clamp 5307 and ball
joint portion 5309 separated, showing the relationship for
these elements. FIG. 53B shows the same piece of FIG.
53A from a side view.

[0194] An example of a mount, including the ball joint
portion, that may be used to hold the device, and/or to
irrevocably crush the crush ring(s), is shown in more de-
tail in FIGS. 54A-54C. In this example, the bracket 5400
includes a ball joint 5405 at the distal end. The ball joint
has a generally ball-shaped region and may include one
or more features allowing better interaction in the ball
socket. For example, the surface of the ball joint maybe
relatively high-friction against the surface of the ball sock-
et; the surface of the ball joint may be roughened, or may
include cut-out region 5409. In some variations the sur-
face has been at least partially abraded (e.g., sandblast-
ed) in order to remove some or all of the smoothness.
[0195] The bracket may also include an elongate body
extending to an opposite end from the ball joint; this "prox-
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imal" end of the bracket may be adapted to connect to a
wall, pole, stand, or the like. For example, in FIG. 54B,
the bracket is shown as having a central axis 5413 that
is open, allowing a nail, screw, or other fastener to be
passed through it and attached to a surface (such as a
wall). This central axis may be adapted (e.g., threaded,
may include regions of different diameter, etc.) to facili-
tate attaching to a surface using a single screw or nail.
The proximal end may also include a curved and/or ra-
diused region to enhance attachment to pole or post.
[0196] Another variation of a back of housing is shown
in FIG. 55A. In this example, the door covering the atrium
region 5503 has been removed, exposing the port or
plug-in region (e.g., Ethernet port 5509. One or more
additional controls (e.g. reset button 5511) may also be
included within this atrium region 5503, as well as mark-
ings indicating specific information about the wireless
broadband access device. In FIG. 55A, the back surface
also includes the bubble level 5507 mentioned above.
[0197] The wireless broadband access devices may
also include a set of indicators (e.g., indicator lights or
LEDS) 5519 on and/or visible through the housing 5501.
In the variation shown in FIG. 55A, the LEDS may be
held within the housing 5501 and may shine through the
housing 5501; the housing may be thinner in the region
of the optical indicator (LEDs 5519) so that they are more
specifically and readily visible through the translucent or
partly-translucent housing 5501. FIG. 55B shows an en-
larged image of the outside of the a housing in which
optical indicators are visible through the housing because
the housing has been made thinner in the regions where
it is desired that they should be visible through the hous-
ing 5521. Markings on or near these regions may indicate
the meaning of these optical indicators. Example of indi-
cators that may be used include power (e.g., illuminated
when the device is connected to a power source), Eth-
ernet connection (e.g., illuminated when an active Eth-
ernet connection is made and/or flash when there is ac-
tivity), signal indicators (which may indicate signal
strengths). For example, a signal indicator may be a plu-
rality of lights that indicate increasing strength of the sig-
nal based on strength threshold values for each indicator
(e.g.,LED); e.g., afirstindicator may be illuminated when
the wireless signal strength is above -94 dBm, a second
indicator may be illuminated when the wireless signal
strength is above -80 dBm, a third indicator may be illu-
minated when the wireless signal strength is above -73
dBm, and a fourth indicator may be illuminated when the
wireless signal strength is above -65 dBm.

[0198] FIGS.56A-56F and 57A-57Cillustrate methods
of connecting and/or positioning a wireless broadband
access device. For example, a wireless broadband ac-
cess device can be mounted on a pole or to a wall. In
some variations additional attachment elements, such
as screws, straps, etc., may be used. For example, a
metal Strap may be used for pole-mounting with the var-
iation illustrated in FIGS. 56A-56F; for wall-mounting, a
suitable fastener such as a screw or bolt may be used,
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as illustrated in FIGS. 57A-57C. In any of these varia-
tions, a shielded category 5 (or above) cabling should
may be used for wired Ethernet connections and can be
grounded through an AC ground, for example of a PoE
connection.

[0199] In FIGS. 56A-56F, an Ethernet connection (ca-
ble) may be attached to a port in the device. In. FIG. 56A,
adoor 5603 is slid downward (arrows) to open the atrium
region enclosing an Ethernet port 5605. In FIG. 56A, the
door is adapted so that it may be slid open and removed
using a finger contact region 5613; it may be reattached
by reversing these steps. The connection/cabling may
be attached to the device performed before connecting
the device to a bracket, as shown in FIGS. 56A-56B, or
it may be done after attaching to a bracket and/or mount-
ing. In FIG. 56B, the cable with a connector 5609 is con-
nected to the port 5605. Once the cable is connected,
the door may be reattached (e.g., by sliding back into
position), and the cable/cord may exit an opening 5611
from the atrial region in the door and/or housing.

[0200] The wireless broadband access device may be
connected, via an integrated bracket mount 5619, to a
mount. In FIGS. 56C and 56D a bracket as described
above may be coupled to the bracket mount by placing
the ball joint 5621 of the bracket into the ball socket 5623
of the bracket mount 5619. In general, a ball joint 5621
may refer to the ball-shaped distal end of the bracket
5620. In FIGS. 56C and 56D, the ball joint 5621 of the
bracket is held in the ball socket 5623 of the mount 5619
by a ring clamp 5631 that may be screwed into the hous-
ing (e.g., into the mount portion of the housing) and may
form a ratcheting connection with the ring clamp. As
shown in FIG. 56D, the ring clamp 5631 screws onto
screw threads 5633 on the bracket mount 5619. The
bracket mount also includes gearing teeth 5635 that en-
gage a pawl structure on the ring mount (not visible in
FIG. 56D), which prevents the ring mount from unscrew-
ing (counterclockwise) to loosen the ring mount, and
thereby loosen the ball joint/bracket relative to the device
housing. The ring mount includes a control (button 5641)
that can displace the pawl and allow the ring mount to
be loosened or removed. The ring mount may be at-
tached over the proximal end of the bracket so that the
ball jointis held between the ring mount and the ball sock-
et of the bracket mount.

[0201] InFIGS. 56C and 56D the ball socket may also
include one or more crushable, deformable, ridges (not
visible in FIGS. 56C and 56D) that can be deformed when
the force applied by the ring mount, due to hand twisting
the ring mount exceeds some threshold. This deforma-
tion may help lock the relative positions of the bracket
and mount.

[0202] Once the lock ring (clamp ring 5641 is placed
over the bracket and rotated (e.g., clockwise) as shown
in FIG. 56D, it may be tightened but left loose enough to
allow pivoting of the device so that it can be aimed. As
shown in FIGS. 56E and 56F, the device may then be
mounted, e.g. to a pole. In FIG. 56E a strap (e.g., metal
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strap) 5650 is fed through the base, or proximal end, of
the bracket 5620. The strap may then be tightened
around a post or pole 5660, as shown in FIG. 56F. In
FIG. 56F a tool (e.g., screwdriver) is used to tighten the
strap to the pole 5660.

[0203] FIGS.57A-57C illustrate another method of se-
curing the apparatus, including mounting the apparatus
to a wall. The bracket 5720 is mounted directly to a sur-
face such as a wall (e.g., stud or other structurally stable
region). In this variation, a hole or pilot hole 5702, may
be first formed into the surface. In FIG. 57A the clamp
(lock ring 5731) is then placed over the bracket 5720,
with threads of the clamp to engage the bracket mount
facing the ball joint. A screw 5752 can then be passed
through a passage in the center of the long axis of the
bracket, though the ball joint, as shown in FIG. 57B. The
screw 5752 can then be fastened into the wall (using a
pilot hole 5701) as shown, to securely attach the bracket
to the surface of the wall.

[0204] Thereafter, as illustrated in FIG. 57C, the hous-
ing of the wireless broadband access device may be cou-
pled to the bracket by screwing the clamp into the housing
(e.g., the bracket mount) and tightening it sufficiently (e.g.
by turning it clockwise when facing the back of the device)
far so that the position of the housing and antenna can
be adjusted, e.g., by pivoting around the ball joint, but
sufficiently tight to hold it to the surface.

[0205] FIG. 58 shows the device mounted to a pole,
illustrating adjustment of the position of the housing and
antenna relative to the pole. The antenna and housing
may be positioned by aiming towards the other end of
the wireless link, e.g., at another wireless broadband ac-
cess device, or at another broadband target (sending/re-
ceiver, etc.). The cable may be left extending toward the
ground. Because of the ball joint, the antenna and hous-
ing may be rotated, tilted, or moved side-to-side, as illus-
trated in FIG. 58 (arrows). A spirit level (bubble level) on
the top of the back of the housing may indicate "level"
relative to the top of the antenna within the housing, e.g.,
an array antenna as described above, and this level may
be helpful in positioning and aiming the device. Once the
position has been determined, the housing maybe locked
into position by further hand tightening the clamp (lock
ring). As discussed above, hand tightening the clamp
may permanently deform (crush) one or more crush ridg-
es within the ball socket (and/or on the ball joint in some
variations). The crush ridge material may engage the sur-
face of the ball joint (or in variations having the ball joint
with a crushridge, the surface of the ball socket) to further
lock the device in position. Although the clamp on the
apparatus may be loosened (e.g., by releasing the pawl
and unscrewing the clamp), the crush rib may be perma-
nently deformed, and may also help guide re-aiming the
device to the same basic position if it is later moved.
[0206] Any of the devices described herein may be
connected directly to a power source (to power the an-
tenna and/or radio) or they may be connected via a power
over Ethernet (PoE) connection. For example, the oppo-
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site end of an Ethernet cable connected to the apparatus
as illustrated above may be connected to a PoE adapter,
and the PoE adapter connected to the adapter along with
power to provide access to a network such as a LAN
(local area network).

[0207] The wireless broadband access apparatuses
described herein direct RF energy in a relatively tight
beam width, which may be particularly helpful in areas
crowded with other RF signals. The radio is integrated
with the antenna, eliminating the need for a separate ca-
ble connection between the two, reducing or eliminating
cable losses and improving performance. Thus, the ap-
paratuses illustrated above are all-in-one combined radio
and antennadevices, in which both the radio and antenna
are housed within a compact housing having an efficient
footprint, and provides a relatively small footprint for a
relatively large gain.

[0208] In operation, the wireless broadband access
apparatuses described herein may be small (e.g., around
140 x 140 x 54 mm or 180 x 180 x 54 mm, including the
mount), and lightweight (e.g., around 320 g). The device
may be configured to operate in any frequency range
desired, as described above. For example, between
about 5170-5875 MHz, e.g., between about 5725-5850
MHz, 5250-5850 MHz, etc. The gain may be between
about 20 and about 15 dBi (e.g., 16 dBi, 19 dBi, etc.). In
some variations, the device is adapted for use with a
network interface having a 10/100/1000 Ethernet port.
The maximum power consumption may be limited, e.g.,
to 7W (6.5W, 6W, 5.5W, 5W, etc.).

[0209] FIGS. 59-62D illustrate exemplary antenna
characteristics for several of the devices described
above. FIG. 59 shows a return loss curve for one exem-
plary variation of a wireless broadband access device
(combined radio and antenna) having an array of nine
closely packed antenna emitting elements arranged in a
plane above the feeds, e.g., antenna feeds, connecting
the emitting antenna emitters. The return loss generally
refers to the loss of signal power resulting from the re-
flection (e.g., caused by a discontinuity), expressed as a
ratio in decibels (dB). In FIG. 59, the return loss across
different frequencies (between 5.25 and 5.85) is shown
for both the vertical 5903 and horizontal 5905 polariza-
tion. FIGS. 60A and 60B illustrate the vertical azimuth
and elevation in polar plots of the antenna pattern (radi-
ation patterns) for the vertical polarization while FIGS.
60C and 60D show similar plots for the horizontal polar-
ization of the same apparatus described in FIG. 59.
[0210] FIG.61showsanexample ofareturnlosscurve
for another example of a variation of a wireless broad-
band access device (combined radio and antenna); this
example has an array of four closely packed antenna
emitting elements arranged in a plane above the feeds,
e.g., antenna feeds, connecting the emitting antenna
emitters. FIG. 61 shows both vertical 6103 and horizontal
6105 polarizations. FIGS. 62A and 62B show polar
graphs of the antenna patterns for the vertical azimuth
(FIG. 62A), vertical elevation (FIG. 62B), horizontal azi-
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muth (FIG. 62C) and horizontal elevation (FIG. 62D), of
the same apparatus described in FIG. 61.

[0211] As discussed above for the patch array anten-
nas shown in FIGS. 4, 5, 8A-8D, 12, 13A-13B and 14A-
14D, 16, and 17, any of the patch array antennas may
include a ground plate in a first plane, a plurality of an-
tennaradiating elements each antennaradiating element
has a radiating surface extending in one or more planes
above the first plane, an antenna feed in a third plane
between the first plane and the radiating surfaces; and
a plurality of feed lines extending from the third plane to
connect each antenna radiating element to the antenna
feed(s). The antenna feeds shown in FIGS. 4, 5, 8A-8D,
12, 13A-13B and 14A-14D, 16, and 17 was located in a
third plane, but was divided up into different antenna feed
regions, and may be referred to as a plurality of antenna
feeds, although they are connected to the same antenna
radio sources (e.g., horizontal and vertical polarization
sources). FIGS. 63A-63C and 64A-64B, 65 and 66A-66B
illustrate another variation an apparatus having a patch
array antenna, in which a single antenna feed (antenna
feed plate) is used.

[0212] For example, FIGS. 63A-63C illustrate a radio
device (housing) that can enclose any of the patch array
antennas described herein. This variation is similar to
those shown and described in above in FIGS. 9A-11B,
41-49, and 55A-58.

[0213] FIG. 64A illustrates a patch array antenna that
may be used within the housing of the apparatus shown
in FIG. 63A-63C (or any of the other housing, including
the other housing variations described herein). For ex-
ample, the patch array antenna shown in FIG. 64A in-
cludes a ground plate 6401; on one side of the ground
plate are four (2x2) antenna radiating elements 6403,
6403’,6403", 6403" each antenna radiating element has
a radiating surface 6405, 6405, 6405", 6405 extending
in one or more planes above. The four antenna radiating
elements are each held in a plane about both the ground
plate 6401 and an antenna feed 6409. In this example,
the antenna feed 6409 is a single region or plate that is
connected to each of the antenna radiating elements
6403-6403™". The antenna feed is more easily seen in
FIG. 46B, which shows the patch array antenna of FIG.
64A in which the antenna radiating elements have been
removed, revealing the underlying feed plate 6409. The
feed plate is shown connected to both a vertical polari-
zation radio connection point 6412 and a horizontal po-
larization radio connection point 6411. Electrical connec-
tionis made between the antenna radiating elements and
the antenna feed by feed lines 6520. In FIG. 64B, the
feed lines 6420, 6420, 6420", 6420 are visible as cylin-
drical extensions from the antenna feed. Each feed line
will contact an antenna radiating element (a single con-
tact per radiating element in this example). The contact
point is positioned off-center relative to the antenna ra-
diating element (e.g., the radiating surface of the antenna
radiating element). Spacers 6425, 6425’, 6425", 6425"
are also shown in FIG. 64B; these spacers may connect

10

15

20

25

30

35

40

45

50

55

29

(though are electrically isolated between) the each an-
tenna radiating element and the ground plate. Radio cir-
cuitry (not visible in FIGS. 64A-64B) may be connected
through the ground plate on the opposite side of the
ground plate.

[0214] FIG. 65 shows an exploded view of one varia-
tion of a patch array antenna such as the one shown in
FIGS. 64A-64B for use in a radio device. In this example,
four (2x2 array) antenna emitting elements form a second
plane above the antenna feed and the ground plate 6513.
Screws 6505 are used to connect each emitting element
6503 to the antenna feed via cylindrical feed lines ex-
tending from the antenna feed plate 6509. The antenna
feed is connected by washers 6511 to the ground plate;
the feed is also connected to both a vertical and horizontal
polarization connection ofthe radio circuitry 6515 through
the ground plate 6512. In addition, spacers 6507 may be
used to connect the antenna emitting elements to the
ground plate (though without grounding the emitting el-
ements). The radio circuitry may also be connected to
an output 6514 including LEDs or other indicators that
can be seen through the housing (not shown) and may
indicate the status and/or operation of the device.
[0215] The patch array antenna may generally be a
stratified construction, having an outer layer that is
formed by the closely-spaced antenna emitting elements
(patches), an inner layer forming the antenna feed that
is positioned between the emitting elements and a
ground plate. The circuitry (e.g., PCB) for the radio, which
may include hardware, software and/or firmware forming
the radio portion of the apparatus, may be located on the
opposite side of the ground plate from the antenna emit-
ting elements, as shown in FIGS. 66A and 66B. FIG. 66A
shows a side view of the patch array antenna shown in
FIG. 64A, including the emitting elements 6603, 6603’,
antenna feed 6605 and ground plate 6607, as well as the
cylindrical feed lines 6609 extending from the feed plate
and the PCB including the radio elements 6611 on the
opposite side of the ground plate, which is connected to
the feed plate to provide both vertical 6621 and horizontal
6625 polarization feeds. FIG. 66A also shows the spac-
ers 6653 supporting the antenna emitting elements
against the ground plate, the screws 6659 holding the
antenna emitting elements against the feed lines, the
screw and (insulated) washer 6671 holding the feed plate
to the ground plate, screws and washers 6688 holding
the PCB of the radio circuitry to the ground plate, as well
as some portions of the radio circuitry on the PCB (in-
cluding indicator LEDs 6699). FIG. 66B shows a simpli-
fied version of FIG. 66B with only the antenna emitting
elements 6603, 6603’, antenna feed 6605, ground plate
6607, cylindrical feed lines 6609, and the radio PCB
6611shown (including the horizontal 6625 and vertical
6621 polarization connections to the feed plate). These
elements show the stratified structure of the antenna,
including the first (ground plate) plane, the third (feed)
plane, and the second (antenna emitting element) plane.
The radio PCT is shown in a fourth plane below the
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ground plate. Finally, connections between the four
planes is also shown. This arrangement may provide a
robust antenna that is compact and powerful.

[0216] The examples and illustrations included herein
show, by way of illustration and not of limitation, specific
embodiments in which the subject matter may be prac-
ticed. As mentioned, other embodiments may be utilized
and derived there from, such that structural and logical
substitutions and changes may be made without depart-
ing from the scope of this disclosure. Such embodiments
of the inventive subject matter may be referred to herein
individually or collectively by the term "invention" merely
for convenience and without intending to voluntarily limit
the scope of this application to any single invention or
inventive concept, if more than one is, in fact, disclosed.
Thus, although specific embodiments have been illus-
trated and described herein, any arrangement calculated
to achieve the same purpose may be substituted for the
specific embodiments shown. This disclosure is intended
to cover any and all adaptations or variations of various
embodiments. Combinations of the above embodiments,
and other embodiments not specifically described herein,
will be apparent to those of skill in the art upon reviewing
the above description.

[0217] 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.

[0218] 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
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term "and/or" includes any and all combinations of one
or more of the associated listed items and may be ab-
breviated as "/".

[0219] 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
like are used herein for the purpose of explanation only
unless specifically indicated otherwise.

[0220] Although the terms "first" and "second" may be
used herein to describe various features/elements, these
features/elements should not be limited by these terms,
unless the context indicates otherwise. These terms may
be used to distinguish one feature/element from another
feature/element. Thus, a first feature/element discussed
below could be termed a second feature/element, and
similarly, a second feature/element discussed below
could be termed a first feature/element without departing
from the teachings of the present invention.

[0221] 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.

[0222] Although various illustrative embodiments are
described above, any of a number of changes may be
made to various embodiments without departing from the
scope of the invention as described by the claims. For
example, the order in which various described method
steps are performed may often be changed in alternative
embodiments, and in other alternative embodiments one
or more method steps may be skipped altogether. Op-
tional features of various device and system embodi-
ments may be included in some embodiments and not
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in others. Therefore, the foregoing description is provided
primarily for exemplary purposes and should not be in-
terpreted to limit the scope of the invention as it is set
forth in the claims.

[0223] The examples and illustrations included herein
show, by way of illustration and not of limitation, specific
embodiments in which the subject matter may be prac-
ticed. As mentioned, other embodiments may be utilized
and derived there from, such that structural and logical
substitutions and changes may be made without depart-
ing from the scope of this disclosure. Such embodiments
of the inventive subject matter may be referred to herein
individually or collectively by the term "invention" merely
for convenience and without intending to voluntarily limit
the scope of this application to any single invention or
inventive concept, if more than one is, in fact, disclosed.
Thus, although specific embodiments have been illus-
trated and described herein, any arrangement calculated
to achieve the same purpose may be substituted for the
specific embodiments shown. This disclosure is intended
to cover any and all adaptations or variations of various
embodiments. Combinations of the above embodiments,
and other embodiments not specifically described herein,
will be apparent to those of skill in the art upon reviewing
the above description.

ASPECTS OF THE INVENTION
[0224]
1. An array antenna comprising:

a ground plate in a first plane;

a plurality of antenna radiating elements above
the first plane wherein each antenna radiating
element has a radiating surface extending in a
plane above the first plane, wherein the antenna
radiating elements may extend in the same
plane or in different planes;

an antenna feed in a third plane between the
first plane and the radiating surfaces; and

a plurality of feed lines extending from the third
plane, wherein each feed line connects an an-
tenna radiating element to the antenna feed.

2. The array antenna of aspect 1, wherein the an-
tenna feed comprises a plurality of antenna feed re-
gions in the third plane.

3. The array antenna of aspect 1, wherein the plu-
rality of feed lines comprises a plurality of slant feed
lines, wherein each slant feed line connects one side
of an antenna radiating element to the antenna feed.

4. The array antenna of aspect 1, wherein the radi-
ating surfaces of each antenna radiating element of
the plurality of antenna radiating elements extend in
a second plane above the first plane.
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5. The array antenna of aspect 4, wherein the first
plane and the second plane are separated by be-
tween about 2 and about 20 mm.

6. The array antenna of aspect 4, wherein the first
plane is separated from the third plane by between
about 1 and about 10 mm, and wherein the second
plane is separate from the third plane by between
about 1 and about 10 mm.

7. The array antenna of aspect 1, wherein a surface
area of the radiating surface of at least some of the
antennaradiating elements in the plurality of antenna
radiating elements vary relative to each other by
within about 20.0% of an average surface area of
the radiating surfaces in the plurality of antenna ra-
diating elements.

8. The array antenna of aspect 1, wherein at least
some of the antenna radiating elements in the plu-
rality of antenna radiating elements have different
shapes and surface areas.

9. The array antenna of aspect 1, wherein a surface
area of the radiating surface of at least some of the
antennaradiating elements in the plurality of antenna
radiating elements vary relative to each other by be-
tween about 0.1% and 20.0% of an average surface
area of the radiating surfaces in the plurality of an-
tenna radiating elements.

10. The array antenna of aspect 1, further wherein
the radiating surfaces of the plurality of antenna ra-
diating elements have different surface areas that
vary from each other by between about 0.1% and
10.0% of an average surface area of the radiating
surfaces in the plurality of antenna radiating ele-
ments

11. The array antenna of aspect 1, further wherein
the plurality of antenna radiating elements have a
plurality of radiating surfaces of different surface ar-
easthatvary from each other by between about0.1%
and 5.0%.

12. The array antenna of aspect 1, wherein the an-
tenna feed comprises a plurality of antenna feed re-
gions that each have a length and a width extending
in the third plane, and wherein for at least some of
the antenna feeds, the width varies along the length.

13. The array antenna of aspect 1, wherein the an-
tenna feed comprises a plurality of antenna feed re-
gions that each have a length and a width extending
in the third plane, and wherein for at least half of the
antenna feeds, the width varies along the length.

14. The array antenna of aspect 1, wherein the an-
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tenna feed comprises a vertical polarization feed
connection connected to a first radio connection
point, and a horizontal polarization feed connection
connected to a second radio connection point.

15. The array antenna of aspect 1, wherein the plu-
rality of feed line are selected from the group con-
sisting of: a plurality of slant feed lines wherein each
slant feed line connects to the edge of one antenna
radiating element from the plurality of antenna radi-
ating elements to the antenna feed, and a plurality
of cylindrical feed lines wherein each cylindrical feed
line connects one antenna radiating element from
the plurality of antenna radiating elements to the an-
tenna feed at a position that is off-center relative to
the radiating surface of the antenna radiating ele-
ment.

16. The array antenna of aspect 1, wherein the an-
tenna feed is formed of a single sheet of metal.

17. The array antenna of aspect 1, wherein the plu-
rality of antenna radiating elements, antenna feed,
and plurality of feed lines are all formed of a single
sheet of metal.

18. The array antenna of aspect 1, wherein the plu-
rality of antenna radiating elements, antenna feed,
and plurality of feed lines are all formed of a single
sheet of tin plated steel, brass, or copper.

19. The array antenna of aspect 1, wherein the plu-
rality of antenna radiating elements consists of four
antenna radiating elements.

20. The array antenna of aspect 1, wherein the plu-
rality of antenna radiating elements consists of nine
antenna radiating elements.

21. The array antenna of aspect 1, wherein the an-
tenna gain is between about 15 and about 20 dB.

22.The array antenna of aspect 1, wherein the band-
width of the antenna is between about 5.15 to 5.85
GHz.

23. The array antenna of aspect 1, wherein the band-
width of the antenna is between about 2.40 to 2.48
GHz.

24. The array antenna of aspect 1, wherein the
planes in which the ground plate, plurality of antenna
radiating elements and antenna feed extend are sep-
arated from each other by air.

25. An array antenna comprising:

a ground plate in a first plane;
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a plurality of antenna radiating elements extend-
ing in or above a second plane, wherein the sec-
ond plane is above the first plane, and further
wherein each antenna radiating element has a
radiating surface extending parallel to the sec-
ond plane;

an antenna feed in a third plane between the
first and second planes, the antenna feed com-
prising a vertical polarization feed connection
connected to a first radio connection point and
a horizontal polarization feed connection con-
nected to a second radio connection point; and
a plurality of feed lines, wherein each feed line
connects an antenna radiating element from the
plurality of antenna radiating elements to the an-
tenna feed.

26. The array antenna of aspect 25, wherein the ra-
diating surfaces of each antenna radiating element
extend in the second plane.

27. The array antenna of aspect 25, wherein the an-
tenna feed comprises a plurality of antenna feeds in
the third plane.

28. The array antenna of aspect 25, wherein the plu-
rality of feed lines are selected from the group con-
sisting of: a plurality of slant feed lines wherein each
slant feed line connects to the edge of one antenna
radiating element from the plurality of antenna radi-
ating elements to the antenna feed, and a plurality
of cylindrical feed lines wherein each cylindrical feed
line connects one antenna radiating element from
the plurality of antenna radiating elements to the an-
tenna feed at a position that is off-center relative to
the radiating surface of the antenna radiating ele-
ment.

29. The array antenna of aspect 25, further wherein
adjacent antenna radiating elements are separated
from each other by less than one-half ofa wavelength
of radiation of the array antenna.

30. An array antenna comprising:

a ground plate in a first plane;

a plurality of antenna radiating elements each
comprising a radiating surface, wherein the ra-
diating surfaces extend in a second plane above
the first plane;

an antenna feed in a third plane between the
first and second planes, the antenna feed com-
prising a vertical polarization feed connection
connected to a first radio connection point and
a horizontal polarization feed connection con-
nected to a second radio connection point; and
a plurality of feed lines extending from the third
plane to the radiating surfaces, wherein the plu-
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rality of feed line are selected from the group
consisting of: a plurality of slant feed lines
wherein each slant feed line connects the edge
of one antenna radiating element to the antenna
feed, and a plurality of cylindrical feed lines
wherein each cylindrical feed line connects one
antenna radiating element to the antenna feed
at a position that is off-center relative to the ra-
diating surface of the antennaradiating element.

31. A method of transmitting and receiving wireless
broadband data, the method comprising:

transmitting broadband data from a feed con-
nection to an antenna feed, wherein the feed
connection is connected to a radio connection
point;

transmitting the broadband data from the anten-
nafeedalong a plurality of feed lines to a plurality
of antenna radiating elements, wherein the an-
tenna radiating elements are positioned in or
above a second plane that is above a ground
plate that extendsin afirst plane, further wherein
the antenna feed extends in a third plane be-
tween the first plane and the antenna radiating
elements, and wherein the plurality of feed lines
extend from the third plane and connect to the
antenna radiating elements; and

emitting the broadband data from a plurality of
antenna radiating surfaces, wherein each of the
plurality of antenna radiating elements includes
one of the plurality of antennaradiating surfaces.

32. The method of aspect 31, wherein transmitting
broadband data comprises transmitting vertically po-
larized broadband data.

33. The method of aspect 32, further comprising
transmitting horizontally polarized broadband data
from a horizontal polarization feed connection that
is connected to a second radio connection point to
the antenna feed.

34. The method of aspect 33, further comprising
transmitting the horizontally polarized broadband
data from the antenna feed to a plurality of horizontal
polarization feed lines, wherein the horizontal polar-
ization feed lines extend from the third plane and
connect to the antenna radiating elements.

35. The method of aspect 31, further comprising re-
ceiving broadband data on the antenna radiating sur-
faces and transmitting the broadband data to the an-
tenna feed and from the antenna feed to the radio
connection point via the feed connection.

36. The method of aspect 31, wherein the antenna
feed comprises a plurality of antenna feed regions
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in the third plane.

37. The method of aspect 31, wherein the plurality
of feed lines comprises a plurality of slant feed lines,
wherein each slantfeed line connects one side of an
antenna radiating element to the antenna feed.

38. The method of aspect 31, wherein the radiating
surfaces extend in the second plane.

39. The method of aspect 31, wherein the first plane
and the second plane are separated by between
about 2 and about 20 mm.

40. The method of aspect 31, wherein the first plane
is separated from the third plane by between about
1 and about 10 mm, and wherein the second plane
is separate from the third plane by between about 1
and about 10 mm.

41. The method of aspect 31, wherein a surface area
of the radiating surface of at least some of the an-
tenna radiating elements vary relative to each other
by within about 20.0% of an average surface area
of the radiating surfaces in the plurality of antenna
radiating elements.

42. The method of aspect 31, wherein at least some
of the antenna radiating elements have different
shapes and surface areas.

43. The method of aspect 31, wherein a surface area
of the radiating surface of at least some of the an-
tenna radiating elements vary relative to each other
by between about 0.1% and 20.0% of an average
surface area of the radiating surfaces in the plurality
of antenna radiating elements.

44. The method of aspect 31, further wherein the
radiating surfaces of the plurality of antennaradiating
elements have different surface areas that vary from
each other by between about 0.1% and 10.0% of an
average surface area of the radiating surfaces in the
plurality of antenna radiating elements.

45. The method of aspect 31, wherein the antenna
feed comprises a plurality of antenna feed regions
that each have a length and a width extending in the
third plane, and wherein for at least some of the an-
tenna feeds, the width varies along the length.

46. The method of aspect 31, wherein the antenna
feed comprises a plurality of antenna feed regions
that each have a length and a width extending in the
third plane, and wherein for at least half of the an-
tenna feeds, the width varies along the length.

47. The method of aspect 31, wherein the plurality
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of feed line are selected from the group consisting
of: a plurality of slant feed lines wherein each slant
feed line connects to the edge of one antenna radi-
ating element from the plurality of antenna radiating
elements to the antenna feed, and a plurality of cy-
lindrical feed lines wherein each cylindrical feed line
connects one antenna radiating element from the
plurality of antenna radiating elements to the anten-
na feed at a position that is off-center relative to the
radiating surface of the antenna radiating element.

48. The method of aspect 31, wherein the antenna
feed is formed of a single sheet of metal.

49. The method of aspect 31, wherein the plurality
of antenna radiating elements, antenna feed, and
plurality of feed lines are all formed of a single sheet
of metal.

50. The method of aspect 31, wherein the plurality
of antenna radiating elements, antenna feed, and
plurality of feed lines are all formed of a single sheet
of tin plated steel, brass, or copper.

51. The method of aspect 31, wherein the plurality
of antenna radiating elements consists of four an-
tenna radiating elements.

52. The method of aspect 31, wherein the plurality
of antenna radiating elements consists of nine an-
tenna radiating elements.

53. The method of aspect 31, wherein the gain of
the transmitted broadband data is between about 15
and about 20 dB.

54. The method of aspect 31, wherein the bandwidth
of the transmitted and received broadband data is
between about 5.15 to 5.85 GHz.

55. The method of aspect 31, wherein the bandwidth
of the transmitted and received broadband data is
between about 2.40 to 2.48 GHz.

56. A method of transmitting and receiving wireless
broadband data, the method comprising:

transmitting vertically polarized broadband data
from a vertical polarization feed connection to
an antenna feed, wherein the vertical polariza-
tion feed connection is connected to a first radio
connection point;

transmitting horizontally polarized broadband
data from a horizontal polarization feed connec-
tion to the antenna feed, wherein the horizontal
polarization feed connection is connected to a
second radio connection point;

transmitting the vertically polarized broadband
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data from the antenna feed along a plurality of
vertical polarization feed lines to a plurality of
antenna radiating elements;

transmitting the horizontally polarized broad-
band data from the antenna feed along a plural-
ity of horizontal polarization feed lines to a plu-
rality of antenna radiating elements;

wherein the antenna radiating elements are po-
sitionedin orabove a second plane thatis above
a ground plate that extends in a first plane, fur-
ther wherein the antenna feed extends in a third
plane between the first plane and the antenna
radiating elements, and wherein the plurality of
feed lines extend from the third plane and con-
nect to the antenna radiating elements; and
emitting the horizontally and vertically polarized
broadband data from a plurality of antenna ra-
diating surfaces, wherein each of the plurality of
antenna radiating elements includes one of the
plurality of antenna radiating surfaces.

57. The method of aspect 56, further comprising re-
ceiving broadband data on the antennaradiating sur-
faces and transmitting the broadband data to the an-
tenna feed.

58. The method of aspect 56, further comprising re-
ceiving broadband data on the antennaradiating sur-
faces and transmitting the broadband data to the an-
tenna feed and from the antenna feed to the first
radio connection point via the vertical polarization
feed connection.

59. The method of aspect 56, further comprising re-
ceiving broadband data on the antennaradiating sur-
faces and transmitting the broadband data to the an-
tenna feed and from the antenna feed to the second
radio connection point via the horizontal polarization
feed connection.

60. A method of manufacturing an array antenna,
the method comprising:

forming a plurality of antenna radiating ele-
ments, a plurality of antenna feeds, and a plu-
rality of slant feed lines from a single sheet of
metal, so that the plurality of antenna radiating
elements are arranged in a first plane and the
plurality of antenna feeds are arranged in a sec-
ond plane adjacent to the first plane, and each
antenna radiating element of the plurality of an-
tenna radiating elements is connected one or
more of the antenna feeds by one or more of the
slant feed lines; and

connecting the antenna radiating elements to a
ground plate, wherein the ground plate is in a
third plane that is adjacent to the second plane.
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61. The method of aspect 60, wherein the single
sheet of metal comprises a single sheet of tin plated
steel, brass, or copper.

62. The method of aspect 60, wherein forming com-
prising stamping the plurality of antenna radiating
elements, the plurality of antenna feeds, and the plu-
rality of slant feed lines from a single sheet of metal.

63. The method of aspect 60, wherein forming com-
prises bending the single sheet of metal to position
the plurality of antenna radiating elements in the first
plane and the plurality of antennafeeds in the second
plane with the plurality of slant feed lines connecting
the plurality of antenna radiating elements and the
plurality of antenna feeds.

64. The method of aspect 60, wherein forming com-
prises forming a plurality of antenna radiating ele-
ments having different surface areas in the first
plane.

65. The method of aspect 60, wherein forming com-
prises forming a plurality of antenna radiating ele-
ments wherein a surface area of the antenna radiat-
ing elements in the plurality of antenna radiating el-
ements vary relative to each other by between about
0.1% and 20.0% of an average surface area of the
antennaradiating elements in the plurality of antenna
radiating elements.

66. A wireless broadband access device, the device
comprising:

an antenna;

a housing coupled to the antenna, the housing
comprising a bracket mount, wherein the brack-
et mount comprises a ball socket;

a deformable locking projection within the ball
socket;

circuitry within the housing and connected to the
antenna and configured to send and receive
wireless broadband signals using the antenna;
a bracket comprising a ball joint, wherein the ball
joint is configured to be held within the ball sock-
et of the bracket mount, further wherein the ball
joint has a textured surface; and

a clamp configured to be secured to the bracket
mount and to hold the ball joint within the ball
socket with a retaining force, wherein the clamp
may be hand tightened to the bracket mount to
provide sufficient retaining force to irreversibly
deform the deformable locking projection
against the textured surface of the ball joint so
that the deformed locking projection interlocks
with the textured surface.

67. The device of aspect 66, wherein the clamp and
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the bracket mount engage to form a ratchet lock that
allows the clamp to be tightened to the bracket mount
but prevents the clamp from loosening off of the
bracket mount unless a release catch is engaged.

68. The device of aspect 66, further comprising gear
teeth on the bracket mount that engage a releasable
pawl on the clamp to prevent loosening of the clamp
from the bracket mount.

69. The device of aspect 66, wherein the bracket
comprises a support arm configured to be secured
to a pole, wall or stand.

70. The device of aspect 66, wherein the deformable
locking projection comprises a crush ridge.

71. The device of aspect 66, wherein the deformable
locking projection comprises a ring in the ball socket.

72. The device of aspect 66, wherein the deformable
locking projection has a triangular cross-section.

73. The device of aspect 66, wherein the clamp is
configured as a ring clamp.

74. The device of aspect 66, wherein the bracket
mount is integrally formed as part of the housing.

75. The device of aspect 66, wherein the housing
has a flattened dome shape.

76. The device of aspect 66, wherein the inside of
the ball joint is rough.

77. The device of aspect 66, further comprising a
spirit level mounted in or on the housing.

78. The device of aspect 66, wherein the antenna
comprises an array antenna comprising a plurality
of patch radiating elements.

79. The device of aspect 66, wherein the housing
encloses the antenna.

80. A wireless broadband radio device, the device
comprising:

a housing enclosing an antenna and circuitry
configured to send and receive wireless broad-
band signals using the antenna, the housing
comprising a bracket mount, wherein the brack-
et mount comprises a ball socket;

a deformable locking projection within the ball
socket;

a bracket configured to be attached to a wall,
pole, or stand, the bracket comprising a ball joint
that is configured to be held within the ball sock-
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et, further wherein the ball joint has a textured
surface; and

a clamp configured to be secured to the bracket
mount and to hold the ball joint within the ball
socket with a retaining force, wherein the clamp
may be hand tightened to the bracket mount to
provide a retaining force sufficient to permit ad-
justment of the housing relative to the bracket
and wherein the clamp may be further hand
tightened to lock the ball joint in the ball socket
and irreversibly deform the deformable locking
projection against the textured surface of the ball
joint so that the deformed locking projection in-
terlocks with the textured surface.

81. The device of aspect 80, wherein the clamp and
the bracket mount engage to form a ratchet lock that
allows the clamp to be tightened to the bracket mount
but prevents the clamp from loosening off of the
bracket mount unless a release catch is engaged.

82. The device of aspect 80, further comprising gear
teeth on the bracket mount that engage a releasable
pawl on the clamp to prevent loosening of the clamp
from the bracket mount.

83. The device of aspect 80, wherein the bracket
comprises a support arm configured to be secured
to a pole, wall or stand.

84. The device of aspect 80, wherein the deformable
locking projection comprises a crush ridge.

85. The device of aspect 80, wherein the deformable
locking projection forms a ring in the ball socket.

86. The device of aspect 80, wherein the deformable
locking projection has a triangular cross-section.

87. The device of aspect 80, wherein the clamp is
configured as a ring clamp.

88. The device of aspect 80, wherein the bracket
mount is integrally formed as part of the housing.

89. The device of aspect 80, wherein the housing
has a flattened dome shape.

90. The device of aspect 80, wherein the inside of
the ball joint is rough.

91. The device of aspect 80, further comprising a
spirit level mounted in or on the housing.

92. The device of aspect 80, wherein the antenna
comprises an array antenna comprising a plurality
of patch radiating elements.

10

15

20

25

30

35

40

45

50

55

36

93. A method of positioning a wireless broadband
access device, the method comprising:

placing a clamp over a first end of a bracket, the
bracket comprising a ball joint at a second end
of the bracket, wherein the ball joint has a tex-
tured surface;

placing the balljointinto a ball socket of a bracket
mount that is connected to a housing of the wire-
less broadband access device;

attaching the clamp to the wireless broadband
access device to hold the ball joint within the ball
socket;

adjusting the position the wireless broadband
access device by moving the ball socket relative
to the ball joint; and

locking the position of the wireless broadband
access device by tightening the clamp until a
deformable locking projection within the ball
socket of the bracket mount is irreversibly de-
formed against the textured surface of the ball
joint so that the deformed locking projection in-
terlocks with the textured surface.

94. The method of aspect 93, further comprising se-
curing the bracket to a surface, pole or mount.

95. The method of aspect 93, wherein attaching the
clamp to the wireless broadband access device to
hold the ball joint within the ball socket comprises
tightening the clamps to engage a ratchet between
the clamp and the broadband access device that al-
lows the clamp to be tightened to the bracket mount
but prevents the clamp from loosening off of the
bracket mount unless a release catch is engaged.

96. The method of aspect 93, wherein attaching the
clamp comprises partially tightening the clamp so
that the position of the wireless broadband access
device relative to the bracket is adjustably held by
the ball joint and ball socket.

97. The method of aspect 93, wherein adjusting the
position the wireless broadband access device com-
prises aiming an antenna within the housing of the
wireless broadband access device to another wire-
less broadband access device.

98. Aradio and antenna device for providing wireless
broadband access, the device comprising:

a disc-shaped housing having a flattened,
dome-shaped front region and a back region
having an integrated bracket mount;

a plurality of antenna emitters held within the
housing and arranged as an array antenna; and
a bracket configured to support the device, the
bracket further configured to engage with the
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bracket mount, where the bracket and bracket
mount may be adjusted to form a plurality of se-
lectable positions securing the housing at differ-
ent tilt angles relative to the bracket.

99. The device of aspect 98, wherein the bracket
comprises a ball socket and threaded clamp

100. The device of aspect 98, further comprising a
bubble level integrated onto the housing.

101. The device of aspect 98, wherein the bracket
mount comprises a deformable locking projection.

102. The device of aspect 98, further comprising a
lock configured to secure the bracket to the housing.

103. The device of aspect 98, wherein the bracket
comprises anarm and a balljoint atan end of the arm.

104. The device of aspect 98, further comprising op-
tical indicators within the housing that are visible
through a wall of the housing.

105. The device of aspect 98, further comprising a
region of a wall of the housing that is thinner than
other regions of the wall, through which a plurality of
lights within the housing may be visible.

106. The device of aspect 98, wherein the disc-
shaped housing forms a waterproof enclosure
around the plurality of antenna emitters.

107. The device of aspect 98, wherein the plurality
of antenna emitters comprises at least four patch
antennas, arranged across a surface within the
housing as an array antenna.

108. The device of aspect 98, wherein the plurality
of antenna emitters comprises at least nine patch
antennas arranged across a surface within the hous-
ing as an array antenna.

109. The device of aspect 98, further comprising a
power over Ethernet (PoE) port through the housing
and configured to receive a PoE cable.

110. The device of aspect 98, wherein the bracket
comprises a concave pole mount region configured
to be connected at least partially around a pole.

111. The device of aspect 98, further comprising a
controller connected to the antenna emitters and
configured to send and receive wireless broadband
signals from the antenna.

112. The device of aspect 98, further comprising a
controller connected to the antenna emitters and
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configured to send and receive wireless broadband
signals using a time division multiple access (TDMA)
protocol.

113. A radio and antenna device for providing wire-
less broadband access, the device comprising:

a disc-shaped housing comprising a rear region
having an integrated bracket mount and a front
region configured as a dome, wherein the brack-
et mount comprises a ball socket;

a bubble level integrated onto the housing;

a plurality of antennas emitters held within the
housing arranged as an array antenna;

control circuitry connected to the array antenna
and configured to send and receive wireless
broadband signals using the array antenna; and
a bracket comprising an arm having a ball joint
atan end of the arm, the bracket configured sup-
port the device, wherein the bracket and bracket
mount cooperate to provide a plurality of selecta-
ble tilt positions of the housing relative to the
bracket.

114. The device of aspect 113, wherein the control
circuit is configured to send and receive wireless
broadband signals using a time division multiple ac-
cess (TDMA) protocol.

115. The device of aspect 113, further comprising
optical indicators within the housing that are visible
through a wall of the housing.

116. The device of aspect 113, further comprising a
region of a wall of the housing that is thinner than
other regions of the wall, through which a plurality of
lights within the housing are visible.

117. The device of aspect 113, wherein the housing
is configured for outdoor use and is water resistant.

118. A radio and antenna device for providing wire-
less broadband access, the device comprising:

a disc-shaped housing having a flattened dome
shaped front region and a back region having
an integrated bracket mount;

a bubble level integrated onto the housing;

a plurality of antenna emitters held within the
housing and arranged across a surface within
the housing as an array antenna; and

a bracket for mounting the device, the bracket
configured to engage with the bracket mount,
wherein the bracket and bracket mount cooper-
ate to provide a plurality of selectable positions
securing the housing at different tilt angles rel-
ative to the bracket.
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119. Awireless broadband access device, the device
comprising:

an antenna having an antenna port radio fre-
quency (RF) pin extending therefrom;

a printed circuit board (PCB) comprising a first
layer and a plurality of additional layers;

an antenna contact electrically coupling the an-
tenna port RF pin to the first layer of the PCB,
wherein the antenna port RF pin passes through
the additional layers of the PCB without making
electrical contact therewith; and

a clearing region on each layer of the additional
layers of the PCB, wherein each clearing region
surrounds the antenna port RF pin on all sides
in each layer of the additional layers of the PCB
by more than about 0.5 mm, wherein the clearing
region is substantially free of conductive mate-
rials.

120. The device of aspect 119, wherein each clear-
ing region forms a square region that is substantially
free of conductive materials.

121. The device of aspect 119, wherein each clear-
ing region surrounds the antenna port RF pin by more
than about 82 mm.

122. The device of aspect 119, wherein each clear-
ing region surrounds the antenna port RF pin by more
than about 82.9 mm.

123. The device of aspect 119, wherein each clear-
ing region forms a rectangle.

124. The device of aspect 119, further comprising a
pair of ground pins extending from the antenna and
through the additional layers of the PCB, wherein
the pair of ground pins each make an electrical con-
tact with the first layer.

125. The device of aspect 124, wherein the antenna
contact does not pass between the electrical con-
tacts of the pair of ground pins on the first layer.

126. The device of aspect 119, wherein the antenna
comprises an array antenna.

127. The device of aspect 119, wherein the antenna
comprises a patch array antenna comprising a plu-
rality of radiating elements.

128. The device of aspect 119, further comprising a
second antenna port RF pin extending from the an-
tenna that passes through the additional layers and
makes electrical contact with the first layer, wherein
each of the additional layers comprises a second
clearing region around the second antenna port RF
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pin.

129. The device of aspect 119, wherein the PCB
comprises circuitry configured to control transmis-
sion and receipt of broadband information from the
antenna.

130. The device of aspect 119, wherein only the first
layer of the PCB makes electrical contact with the
antenna port RF pin.

131. The device of aspect 119, wherein the addition-
al layers comprise more than four layers.

132. Awireless broadband access device, the device
comprising:

an antenna having an antenna port radio fre-
quency (RF) pin extending therefrom;

a printed circuit board (PCB) comprising a first
layer and a plurality of additional layers;

an antenna contact electrically coupling the an-
tenna port RF pin to the first layer of the PCB,
wherein the antenna port RF pin passes through
the additional layers of the PCB without making
electrical contact therewith;

a pair of ground pins extending from the anten-
na, the pair of ground pins in electrical contact
with the first layer of the PCB; and

a clearing region on each layer of the additional
layers of the PCB, wherein each clearing region
surrounds the antenna port RF pin on all sides
in each layer of the additional layers of the PCB
by more than about 0.5 mm, wherein the clearing
region is substantially free of conductive mate-
rials, wherein the antenna contact does not pass
between the pair of ground pins.

133. The device of aspect 132, wherein each clear-
ing region forms a square region that is substantially
free of conductive materials.

134. The device of aspect 132, wherein each clear-
ing region surrounds the antenna port RF pin by more
than about 1 mm.

135. The device of aspect 132, wherein each clear-
ing region surrounds the antenna port RF pin by more
than about 1.9 mm.

136. The device of aspect 132, wherein each clear-
ing region forms a rectangle.

137. The device of aspect 132, wherein the antenna
comprises an array antenna.

138. The device of aspect 132, wherein the antenna
comprises a patch array antenna comprising a plu-
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rality of radiating elements.

139. The device of aspect 132, further comprising a
second antenna port RF pin extending from the an-
tenna that passes through the additional layers and
makes electrical contact with the first layer, wherein
each of the additional layers comprises a second
clearing region extending at least 0.5 mm all around
the second antenna port RF pin.

140. The device of aspect 132, wherein the PCB
comprises circuitry configured to control transmis-
sion and receipt of broadband information from the
antenna.

141. The device of aspect 132, wherein only the first
layer of the PCB makes electrical contact with the
antenna port RF pin.

142. The device of aspect 132, wherein the addition-
al layers comprise more than four layers.

143. Awireless broadband access device, the device
comprising:

an antenna comprising multiple radiating ele-
ments;

a first antenna port radio frequency (RF) pin ex-
tending from the antenna;

a second antenna port RF pin extending from
the antenna;

a printed circuit board (PCB) comprising a first
layer and a plurality of additional layers, wherein
the first antenna port RF pin is in electrical con-
tact with a first antenna contact on the first layer
and wherein the second antenna port RF pin is
in electrical contact with a second antenna con-
tact on the first layer, and wherein the first and
second antenna port RF pins pass through, but
do not make electrical contact with, the addition-
al layers;

wherein each of the additional layers comprises
a first clearing region that is substantially free of
conductive materials and surrounds the first an-
tenna port RF pin and a second clearing region
that is substantially free of conductive material
and surrounds the second antenna port RF pin,
wherein each of the first and second clearing
regions extend from the antenna port RF pin on
all sides by at least 0.5 mm.

144. The device of aspect 143, wherein each of the
first and second clearing regions form a square or
rectangular region.

145. The device of aspect 143, wherein each of the
first and second clearing regions surround the first
or second antenna port RF pins by more than about
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1 mm.

146. The device of aspect 143, wherein each of the
first and second clearing regions surround the first
or second antenna port RF pins by more than about
1.9 mm.

147. The device of aspect 143, further comprising a
first pair of ground pins extending from the antenna
adjacent to the first antenna port RF pin and through
the additional layers of the PCB, wherein the first
pair of ground pins each make an electrical contact
with the first layer.

148. The device of aspect 143, wherein the first an-
tenna contact does not pass between the electrical
contacts of the first pair of ground pins on the first
layer.

149. A radio and antenna device for providing wire-
less broadband access, the device comprising:

a housing comprising a rear region having an
integrated bracket mount, wherein the bracket
mount comprises a ball socket;

wherein the housing encloses an array antenna
having:

a ground plate in a first plane,

a plurality of antenna radiating elements
above the first plane wherein each antenna
radiating element has a radiating surface
extending in a plane above the first plane,
wherein the antenna radiating elements
may extend in the same plane orin different
planes,

an antenna feed in a third plane between
the first plane and the radiating surfaces,
and

a plurality of feed lines extending from the
third plane, wherein each feed line connects
an antenna radiating element to the anten-
na feed; and

abracket comprising a ball joint, the bracket con-
figured support the housing, wherein the bracket
and bracket mount cooperate to provide a plu-
rality of selectable tilt positions of the housing
relative to the bracket.

150. The device of aspect 149, further comprising
optical indicators within the housing that are visible

through a wall of the housing.

151. The device of aspect 149, wherein the housing
is water resistant.

152. The device of aspect 149, further comprising a
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bubble level integrated onto the housing.

153. The device of aspect 149, wherein the bracket
mount comprises a deformable locking projection.

154. The array antenna of aspect 149, wherein the
antenna feed comprises a plurality of antenna feed
regions in the third plane.

155. The array antenna of aspect 149, wherein the
plurality of feed lines comprises a plurality of slant
feed lines, wherein each slantfeed line connects one
side of an antenna radiating element to the antenna
feed.

156. The array antenna of aspect 149, wherein the
radiating surfaces of each antenna radiating element
of the plurality of antenna radiating elements extend
in a second plane above the first plane.

157. The array antenna of aspect 149, wherein the
first plane and the second plane are separated by
between about 2 and about 20 mm.

158. The array antenna of aspect 149, wherein the
first plane is separated from the third plane by be-
tween about 1 and about 10 mm, and wherein the
second plane is separate from the third plane by be-
tween about 1 and about 10 mm.

159. The array antenna of aspect 149, wherein the
antenna feed comprises a vertical polarization feed
connection connected to a first radio connection
point, and a horizontal polarization feed connection
connected to a second radio connection point.

160. The array antenna of aspect 149, wherein the
plurality of feed line are selected from the group con-
sisting of: a plurality of slant feed lines wherein each
slant feed line connects to the edge of one antenna
radiating element from the plurality of antenna radi-
ating elements to the antenna feed, and a plurality
of cylindrical feed lines wherein each cylindrical feed
line connects one antenna radiating element from
the plurality of antenna radiating elements to the an-
tenna feed at a position that is off-center relative to
the radiating surface of the antenna radiating ele-
ment.

161. The array antenna of aspect 149, wherein the
antenna feed is formed of a single sheet of metal.

162. The array antenna of aspect 149, wherein the
plurality of antenna radiating elements, antenna
feed, and plurality of feed lines are all formed of a
single sheet of metal.

163. The array antenna of aspect 149, wherein the
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plurality of antenna radiating elements consists of
four antenna radiating elements.

164. The array antenna of aspect 149, wherein the
plurality of antenna radiating elements consists of
nine antenna radiating elements.

165. The array antenna of aspect 149, wherein the
antenna gain is between about 15 and about 20 dB.

166. The array antenna of aspect 149, wherein the
bandwidth of the antenna is between about 5.15 to
5.85 GHz.

167. The array antenna of aspect 149, wherein the
bandwidth of the antenna is between about 2.40 to
2.48 GHz.

168. The array antenna of aspect 149, wherein the
planes in which the ground plate, plurality of antenna
radiating elements and antennafeed extend are sep-
arated from each other by air.

Claims

A method of transmitting and receiving wireless
broadband data, the method comprising:

transmitting broadband data from a feed con-
nection to an antenna feed, wherein the feed
connection is connected to a radio connection
point;

transmitting the broadband data from the anten-
nafeed along a plurality of feed lines to a plurality
of antenna radiating elements, wherein the an-
tenna radiating elements are positioned in or
above a second plane that is above a ground
plate that extends in afirst plane, further wherein
the antenna feed extends in a third plane be-
tween the first plane and the antenna radiating
elements, and wherein the plurality of feed lines
extend from the third plane and connect to the
antenna radiating elements; and

emitting the broadband data from a plurality of
antenna radiating surfaces, wherein each of the
plurality of antenna radiating elements includes
one ofthe plurality of antennaradiating surfaces.

The method of claim 1, wherein transmitting broad-
band data comprises transmitting vertically polarized
broadband data.

The method of claim 2, further comprising transmit-
ting horizontally polarized broadband data from a
horizontal polarization feed connection coupled to a
second radio connection point.
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The method of claim 3, further comprising transmit-
ting the horizontally polarized broadband data from
the antenna feed to a plurality of horizontal polariza-
tion feed lines, wherein the horizontal polarization
feed lines extend from the third plane and connect
to the antenna radiating elements.

The method of claim 1, further comprising receiving
broadband data on the antenna radiating surfaces
and transmitting the broadband data to the antenna
feed and from the antenna feed to the radio connec-
tion point via the feed connection.

The method of claim 1, wherein the antenna feed
comprises a plurality of antenna feed regions in the
third plane.

The method of claim 1, wherein the plurality of feed
lines comprises a plurality of slant feed lines, wherein
each slantfeed line connects one side of an antenna
radiating element to the antenna feed.

The method of claim 1, wherein the radiating surfac-
es extend in the second plane.

The method of claim 1, wherein the antenna feed
comprises a plurality of antenna feed regions that
each have alength and a width extending in the third
plane, and wherein for at least some of the antenna
feeds, the width varies along the length.

The method of claim 1, wherein each radiating ele-
ment is rectangular in shape having different edge
dimensions within the second plane.

The method of claim 1, wherein the antenna feed is
formed of a single sheet of metal.

The method of claim 1, wherein the plurality of an-
tennaradiating elements, antenna feed, and plurality
of feed lines are all formed of a single sheet of metal.

The method of claim 1, wherein the plurality of an-
tenna radiating elements consists of four antenna
radiating elements.

The method of claim 1, further comprising coupling
each antenna radiating element to the ground plate.

The method of claim 14, wherein the antenna radi-
ating element is electrically coupled to the ground
plate.
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