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(57) ABSTRACT

Antenna structures as well as antenna assemblies that incor-
porate the aforementioned antenna structures. In one
embodiment, the antenna structure includes a substrate hav-
ing a first major face, a second major face, and a side face.
The first major face may include a first laterally extending
conductive structure extending along a first edge of the first
major face of the substrate and a pronged conductive struc-
ture having a first prong extending from a portion of the
laterally extending conductive structure towards a first cor-
ner of the substrate and a second prong extending from a
portion of the laterally extending conductive structure
towards a second corner of the substrate. The second major
face includes a second laterally extending conductive struc-
ture with a conductive structure placing the conductive
structures on the first major face in electrical communication
with the conductive structures on the second major face.
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ANTENNA STRUCTURES AND ANTENNA
ASSEMBLIES THAT INCORPORATE THE
ANTENNA STRUCTURES

PRIORITY

[0001] This application is a continuation of, and claims the
benefit of priority to, U.S. patent application Ser. No.
17/317,230 filed May 11, 2021 of the same title, which
claims the benefit of priority to U.S. Provisional Patent
Application Ser. No. 63/024,922 filed on May 14, 2020
entitled “Surface Mount Antenna”, and U.S. Provisional
Patent Application Ser. No. 63/025,746 filed on May 15,
2020 entitled “Surface Mount Antenna”, the contents of
each of the foregoing being incorporated herein by reference
in its entirety.

COPYRIGHT

[0002] A portion of the disclosure of this patent document
contains material which is subject to (copyright or mask
work) protection. The (copyright or mask work) owner has
no objection to the facsimile reproduction by anyone of the
patent document or the patent disclosure, as it appears in the
Patent and Trademark Office patent file or records, but
otherwise reserves all (copyright or mask work) rights
whatsoever.

BACKGROUND OF THE DISCLOSURE

1. Technological Field

[0003] This disclosure relates generally to antenna struc-
tures, and in on exemplary aspect to surface mount dielectric
antennas which can be mounted on a printed circuit board to
provide wireless communication, and which can be opti-
mized for a particular range of frequencies such as high band
frequencies.

2. Field of the Disclosure

[0004] Demand for higher bandwidth capability has been
driving wireless communications devices with higher fre-
quencies for many years. Frequency bands of devices have
risen from megahertz (MHz) to the low gigahertz (GHz). For
example, the 6 GHz frequency band is a licensed band often
used in 5G communications, which features larger amounts
of bandwidth as compared to 3G and 4G communications.
The larger bandwidth means that a larger volume of infor-
mation may be transmitted wirelessly. As a result, multiple
applications that require transmission of a large amount of
data may be developed to maximize the features of wireless
communication around the 6 GHz band.

[0005] Previously, Long-Term Evolution (LTE) antennas
or ultra-wide band (UWB) antennas (for example, in differ-
ent packages with different footprints, etc.) were utilized for
communications in smaller ranges and with smaller band-
widths than currently desired for 5G communication.
Accordingly, it would be desirable to have antenna struc-
tures that are operable in any application operating between
and including the 1.7 GHz and 6 GHz frequencies while
having relatively small footprints such that they do not
consume a large amount of space on circuit boards. More-
over, it would be desirable for these antenna structures to
provide a suitable response in a small, low cost, and mar-
ketable package suitable for the small devices present in, for
example, the IoT world. Ideally, these antenna structures
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may be used to cover a wide variety of frequency bands
while also providing performance which may be optimized
for many of the new bands being examined for Sub 6 GHz
5G applications.

SUMMARY

[0006] In one aspect, an antenna structure is disclosed. In
one embodiment, the antenna structure includes: a substrate
having a first major face, a second major face, and a side
face, the first major face including a first laterally extending
conductive structure extending along a first edge of the first
major face of the substrate and a pronged conductive struc-
ture that includes a first prong extending from a portion of
the laterally extending conductive structure towards a first
corner of the first major face of the substrate opposite the
first edge and a second prong extending from a portion of the
laterally extending conductive structure towards a second
corner of the first major face of the substrate opposite the
first edge. The second major face includes a second laterally
extending conductive structure extending along a first edge
of'the second major face of the substrate and a longitudinally
extending conductive structure extending between the lat-
erally extending conductive structure towards a second edge
of the second major face of the substrate opposite the first
edge. A conductive structure is aligned with the longitudi-
nally extending conductive structure of the second major
face, the conductive structure placing the conductive struc-
tures on the first major face in electrical communication with
the conductive structures on the second major face.

[0007] In one variant, the first laterally extending conduc-
tive structure is asymmetrically aligned relative to the
pronged conductive structure.

[0008] In another variant, a first portion of the first later-
ally extending structure extending from a first side of the
pronged conductive structure is longer than a second portion
of the first laterally extending structure extending from a
second side of the pronged conductive structure.

[0009] In yet another variant, the pronged conductive
structure includes a substantially V-shaped structure.
[0010] In yet another variant, the pronged conductive
structure includes a substantially U-shaped structure.
[0011] In yet another variant, a width of the first prong
increases with increased distance from the first laterally
extending structure, and wherein a width of the second
prong increases with increased distance from the first later-
ally extending structure.

[0012] In yet another variant, the first laterally extending
conductive structure extends along only a portion of the first
edge of the first major face of the substrate.

[0013] In yet another variant, the first major surface and
the second major surface have dimensions of roughly 10 mm
by 20 mm.

[0014] In yet another variant, the side surface has dimen-
sions of roughly 3 mm by 20 mm.

[0015] In another embodiment, the antenna structure
includes a ceramic substrate having a first major face, a
second major face, and a side face, the first major face. The
first major face includes a first laterally extending conduc-
tive structure extending along a first edge of the first major
face of the ceramic substrate; and a pronged conductive
structure having a first prong extending from a portion of the
laterally extending conductive structure towards a first cor-
ner of the first major face of the ceramic substrate opposite
the first edge and a second prong extending from a portion
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of the laterally extending conductive structure towards a
second corner of the first major face of the ceramic substrate
opposite the first edge. The second major face includes a
second laterally extending conductive structure extending
along a first edge of the second major face of the ceramic
substrate; and a longitudinally extending conductive struc-
ture extending between the laterally extending conductive
structure and a second edge of the second major face of the
ceramic substrate opposite the first edge. The side face
includes a conductive structure aligned with the longitudi-
nally extending conductive structure of the second major
face, the conductive structure placing the conductive struc-
tures on the first major face in electrical communication with
the conductive structures on the second major face.

[0016] In one variant, the first laterally extending conduc-
tive structure can be asymmetrically aligned relative to the
pronged conductive structure. A first portion of the first
laterally extending structure extending from a first side of
the pronged conductive structure can be longer than a
second portion of the first laterally extending structure
extending from a second side of the pronged conductive
structure.

[0017] In another variant, the pronged conductive struc-
ture can include a substantially V-shaped structure. The
pronged conductive structure can include a substantially
U-shaped structure.

[0018] In yet another variant, a width of the first prong can
increase with increased distance from the first laterally
extending structure, and a width of the second prong can
increase with increased distance from the first laterally
extending structure.

[0019] In yet another variant, the first laterally extending
conductive structure can extend along only a portion of the
first edge of the first major face of the ceramic substrate.
[0020] In yet another variant, the first major surface and
the second major surface can have dimensions of roughly 10
mm by 20 mm. The side surface can have dimensions of
roughly 3 mm by 20 mm.

[0021] In another aspect, an antenna assembly is dis-
closed. In one embodiment, the antenna assembly includes
a printed circuit board having a feed line; a ground plane;
and an impedance matching component in electrical com-
munication between the feed line and the ground plane; and
a surface mount antenna mounted to the printed circuit
board, the surface mount antenna including a substrate; a
conductive structure on a first major surface of the substrate
distal the printed circuit board, the conductive structure
including a laterally extending portion extending along a
first edge of the first major surface proximal the feed line; a
first prong extending away from the laterally extending
portion at a first oblique angle to the laterally extending
portion; and a second prong extending away from the
laterally extending portion at a second oblique angle to the
laterally extending portion.

[0022] In one variant, the first and second prong form a
substantially V-shaped structure.

[0023] Inanother variant, the laterally extending portion is
asymmetrically arranged relative to the first and second
prongs.

[0024] In yet another variant, the first and second prong
form a substantially U-shaped structure.

[0025] In yet another variant, the printed circuit board has
a ground layer on a side of the printed circuit board opposite
the ground plane, and a plurality of vias extending through
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the printed circuit board and electrically connecting the
ground plane to the ground layer.

[0026] In yet another variant, the printed circuit board has
a length of between 30 mm and 65 mm.

[0027] In yet another variant, the printed circuit board has
a length of between 40 and 45 mm.

[0028] In yet another variant, the surface mount antenna
includes a substantially T-shaped conductive structure on a
second major surface of the surface mount antenna proxi-
mate the printed circuit board.

[0029] In yet another variant, the surface mount antenna
includes a conductive structure on a side surface of the
surface mount antenna, the conductive structure on the side
surface placing the conductive structure on the first major
surface in electrical communication with the conductive
structure on the second major surface.

[0030] In yet another variant, the first laterally extending
conductive structure extends along only a portion of the first
edge of the first major face of the substrate.

[0031] Inyet another variant, the substrate has dimensions
of roughly 20 mmx10 mmx3 mm.

[0032] In another embodiment, the antenna assembly
includes a printed circuit board having a feed line; a ground
plane; and an impedance matching component in electrical
communication between the feed line and the ground plane.
The antenna assembly also includes a surface mount antenna
mounted to the printed circuit board, the surface mount
antenna including: a ceramic substrate; a conductive struc-
ture on a first major surface of the ceramic substrate distal
the printed circuit board, the conductive structure including
a laterally extending portion extending along a first edge of
the first major surface proximal the feed line; a first prong
extending away from the laterally extending portion at a first
oblique angle to the laterally extending portion; and a
second prong extending away from the laterally extending
portion at a second oblique angle to the laterally extending
portion.

[0033] In one variant, the first and second prong can form
a substantially V-shaped structure. The first and second
prong can form a substantially U-shaped structure. The
laterally extending portion can be asymmetrically arranged
relative to the first and second prongs.

[0034] In another variant, the printed circuit board can
include a ground layer on a side of the printed circuit board
opposite the ground plane, and a plurality of vias extending
through the printed circuit board and electrically connecting
the ground plane to the ground layer. The printed circuit
board can have a length of between 30 mm and 65 mm. The
printed circuit board can have a length of between 40 and 45
mm.

[0035] In yet another variant, the surface mount antenna
can include a substantially T-shaped conductive structure on
a second major surface of the surface mount antenna proxi-
mate the printed circuit board. The surface mount antenna
can include a conductive structure on a side surface of the
surface mount antenna, the conductive structure on the side
surface placing the conductive structure on the first major
surface in electrical communication with the conductive
structure on the second major surface.

[0036] In yet another variant, the first laterally extending
conductive structure can extend along only a portion of the
first edge of the first major face of the ceramic substrate. The
ceramic substrate can have dimensions of roughly 20
mmx10 mmx3 mm.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The above-mentioned aspects, as well as other
features, aspects, and advantages of the present technology
will now be described in connection with various aspects,
with reference to the accompanying drawings. The illus-
trated aspects, however, are merely examples and are not
intended to be limiting. Throughout the drawings, similar
symbols typically identify similar components, unless con-
text dictates otherwise. Note that the relative dimensions of
the following figures may not be drawn to scale.

[0038] FIG. 1A is a top plan view of a surface mount
antenna.

[0039] FIG. 1B is a front elevation view of the antenna of
FIG. 1A.

[0040] FIG. 1C is a bottom plan view of the antenna of
FIG. 1A.

[0041] FIG.2Ais atop plan view of an antenna such as the
antenna of FIG. 1A mounted on a printed circuit board
(PCB).

[0042] FIG. 2B is a side view of the antenna and PCB of
FIG. 2A.

[0043] FIG. 2C is a bottom plan view of the antenna and

PCB of FIG. 2A.

[0044] FIG. 3 is a detail top plan view of a section of the
PCB of FIG. 2A underlying the antenna.

[0045] FIG. 4 is a schematic illustration of an exemplary
impedance matching circuit.

[0046] FIG. 5 is a table illustrating various aspects of
performance of the antenna of FIG. 1A when used with a
PCB with and without impedance matching.

[0047] FIG. 6 is a table illustrating various aspects of
performance of the antenna of FIG. 1A when used with
PCBs of various lengths between 30 mm and 65 mm.
[0048] FIG. 7 is a table illustrating maximum return loss
of the antenna of FIG. 1A when used with PCBs of various
lengths between 30 mm and 65 mm.

[0049] FIG. 8 is a plot and a series of tables illustrating
return loss of the antenna of FIG. 1A when used with a PCB
with and without impedance matching.

[0050] FIG. 9A is a plot and FIG. 9B is a series of tables
illustrating return loss of the antenna of FIG. 1A when used
with PCBs of various lengths.

[0051] FIG. 10 is a plot and a series of tables illustrating
efficiency of the antenna of FIG. 1A when used with a PCB
with and without impedance matching.

[0052] FIG.11Ais a plot and FIG. 11B is a series of tables
illustrating efficiency of the antenna of FIG. 1A when used
with PCBs of various lengths.

[0053] FIG. 12 is a plot and a series of tables illustrating
average gain of the antenna of FIG. 1A when used with a
PCB with and without impedance matching.

[0054] FIG.13Ais aplot and FIG. 13B is a series of tables
illustrating average gain of the antenna of FIG. 1A when
used with PCBs of various lengths.

[0055] FIG. 14 is a plot and a series of tables illustrating
peak gain of the antenna of FIG. 1A when used with a PCB
with and without impedance matching.

[0056] FIG.15A s aplot and FIG. 15B is a series of tables
illustrating peak gain of the antenna of FIG. 1A when used
with PCBs of various lengths.

[0057] FIGS. 16A to 16G illustrate various views of
alternative embodiments of an alternative antenna design.
[0058] FIGS. 17A to 17E illustrate various views of alter-
native embodiments of another alternative antenna design.
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[0059] FIGS. 18A to 18G illustrate various views of
alternative embodiments of another alternative antenna
design.

[0060] FIGS. 19A to 19E illustrate various views of alter-

native embodiments of another alternative antenna design.

[0061] All Figures disclosed herein are © Copyright 2020-
2021 Taoglas Group Holdings Limited. All rights reserved.

DETAILED DESCRIPTION

[0062] Various aspects of the novel systems, apparatuses,
and methods are described more fully hereinafter with
reference to the accompanying drawings. The teachings
disclosure may, however, be embodied in many different
forms and should not be construed as limited to any specific
structure or function presented throughout this disclosure.
Rather, these aspects are provided so that this disclosure will
be thorough and complete and will fully convey the scope of
the disclosure to those skilled in the art. Based on the
teachings herein, one skilled in the art should appreciate that
the scope of the disclosure is intended to cover any aspect of
the novel systems, apparatuses, and methods disclosed
herein, whether implemented independently of or combined
with any other aspect of the disclosure. For example, an
apparatus may be implemented or a method may be prac-
ticed using any number of the aspects set forth herein. In
addition, the scope of the disclosure is intended to cover
such an apparatus or method which is practiced using other
structure, functionality, or structure and functionality in
addition to or other than the various aspects of the disclosure
set forth herein. It should be understood that any aspect
disclosed herein may be embodied by one or more elements
of a claim.

[0063] Although particular aspects are described herein,
many variations and permutations of these aspects fall
within the scope of the disclosure. Although some benefits
and advantages of the preferred aspects are mentioned, the
scope of the disclosure is not intended to be limited to
particular benefits, uses, or objectives. Rather, aspects of the
disclosure are intended to be broadly applicable to different
wireless technologies, system configurations, networks, and
transmission protocols, some of which are illustrated by way
of' example in the figures and in the following description of
the preferred aspects. The detailed description and drawings
are merely illustrative of the disclosure rather than limiting,
the scope of the disclosure being defined by the appended
claims and equivalents thereof.

[0064] As discussed above, certain of the devices
described herein may be used in the implementation of an
Internet of Things (IoT) standard, for example. Such devices
may be used, for example, for smart metering or in a smart
grid network. Such devices may provide sensor applications
or be used in home automation. The devices may instead or
in addition be used in a healthcare context, for example for
personal healthcare. They may also be used for surveillance,
to enable extended-range Internet connectivity, or to imple-
ment machine-to-machine communications. Although vari-
ous systems, methods, and apparatuses are described herein
with respect to an IoT standard, for example, a person
having ordinary skill in the art will appreciate that the
present disclosure is applicable to other wireless communi-
cation standards as well.

[0065] Demand for higher bandwidth capability has been
driving wireless communications devices with higher fre-
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quencies for many years. Frequency bands of devices have
risen from megahertz (MHz) to the low gigahertz (GHz).
[0066] The 6 GHz frequency band is a licensed band often
used in 5G communications, which features larger amounts
of bandwidth as compared to 3G and 4G communications.
The larger bandwidth means that a larger volume of infor-
mation may be transmitted wirelessly. As a result, multiple
applications that require transmission of a large amount of
data may be developed to maximize the features of wireless
communication around the 6 GHz band.

[0067] The antenna structures described herein relate to
the field of surface mounted antennas in electronic devices.
Previously, Long-Term Evolution (LTE) antennas or ultra-
wide band (UWB) antennas (for example, in different pack-
ages with different footprints, etc.) were utilized for com-
munications in smaller ranges and with smaller bandwidths
than currently desired for 5G communication. The antenna
structures described herein allow for one antenna with a
single footprint that is operable in any application operating
between and including the 1.7 GHz and 6 GHz frequencies
while having relatively small footprints such that they do not
consume a large amount of space on circuit boards. Accord-
ingly, the antenna structures described herein result in
increased lower and upper frequency limits while still main-
taining the same footprint and structural volume in the
different applications as compared to existing antenna struc-
tures.

[0068] The antenna structures described herein provide a
suitable response in a small, low cost, and marketable
package suitable for the small devices present in the IoT
world. These antenna structures may be used to cover a wide
variety of frequency bands while also providing perfor-
mance which may be optimized for many of the new bands
being examined for Sub 6 GHz 5G applications.

[0069] FIG. 1A is a top plan view of a surface mount
antenna, which may be a surface mount dielectric (SMD)
patch antenna. FIG. 1B is a front elevation view of the
antenna of FIG. 1A. FIG. 1C is a bottom plan view of the
antenna of FIG. 1A.

[0070] The antenna 100 includes a substrate 102 which in
the illustrated embodiment is in the shape of a rectangular
prism having six generally rectangular faces. The faces
include a top major face 104, a bottom major face 106, and
a side face 108, in addition to other faces not specifically
labeled in these figures. Each of the top major face 104, the
bottom major face 106, and the side face 108 may have
conductive sections formed thereon. Although the conduc-
tive sections are referred to as being formed on the faces of
the substrate 102, one or more additional layers or labels
may be formed over the conductive sections and may
obscure view of the conductive sections.

[0071] In some implementations, the substrate 102 com-
prises a ceramic material, although in other embodiments,
other suitable materials, such as materials formed of a
composite material composed of woven fiberglass cloth with
an epoxy resin binder (e.g., FR-4) that is flame resistant
(self-extinguishing) or otherwise having high dielectric con-
stants, may be used. In one embodiment, the substrate 102
may have a width of about 20 mm, a length of about 10 mm,
and a height of about 3 mm, although other suitable dimen-
sions may also be used in other embodiments. The conduc-
tive sections may comprise, for example, any suitable trace
material used in electronics and antenna manufacturing,
such as copper, for example.
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[0072] The top major face 104, visible in FIG. 1A,
includes a pronged conductive section 110. In the illustrated
embodiment, the pronged conductive section 110 is a gen-
erally V-shaped conductive section formed from a pair of
diagonally extending sections 1124 and 1126 which extend
from the corners 122a and 1225 at the sides of a first edge
120 of the top major face towards a point at or near the
center point of a second edge 124 opposite the first edge 120.
The width of these diagonally extending sections 112a and
1125 decreases with increased distance from edge 120.

[0073] The top major face 104 also includes a laterally
extending conductive section 114 formed at or near the edge
124. The laterally extending conductive section 114 overlaps
with the vertex of the pronged conductive section 110, with
a first arm 116a extending outward to a first side of the
pronged conductive section 110 and a second arm 1165
extending outward to a second side of the pronged conduc-
tive section 110. In the illustrated embodiment, the laterally
extending conductive section 114 is asymmetrically posi-
tioned with respect to the pronged conductive section 110,
such that the second arm 11654 extends outward a greater
distance than the first arm 116a.

[0074] The combination of the pronged conductive section
110 and the laterally extending conductive section 114 can
provide an ultra-wideband effect. In some embodiments,
such as the embodiment illustrated in FIGS. 1A to 1C, the
antenna 100 may be optimized for high band performance,
at frequencies at or near the top of the frequency range
extending between 1.7 GHz and 6 GHz. This asymmetry of
the laterally extending conductive section 114, in which the
second arm 1165 extends further from the pronged conduc-
tive section 110 than the first arm 1164, improves the high
band performance of the antenna 100.

[0075] The bottom major face 106 of the antenna 100
includes a branching conductive structure 130. In the illus-
trated embodiment, the branching conductive structure 130
is a generally T-shaped structure, including a laterally
extending portion 132 extending along or adjacent an edge
140 of the bottom major face 106 of the antenna 100. In the
illustrated embodiment, the laterally extending portion 132
extends between the corners 142a and 1425 at the sides of
edge 140. The branching conductive structure 130 also
includes a longitudinally extending portion 134 extending
between the laterally extending portion 132 and the edge
144 opposite the edge 140. The longitudinally extending
portion 134 runs generally perpendicular to the laterally
extending portion at or near a centerline of the bottom major
face 106 of the antenna 100.

[0076] A side face 108 of the antenna 100, visible in FIG.
1B, includes a conductive section 150 extending at or near
a centerline of the side face 108 of the antenna 100, and
extending along the height of the side face 108. This
conductive section 150 may be aligned with the longitudi-
nally extending portion 132 on the bottom major face 106
and may place the branching conductive structure 130 on the
bottom major face 106 in electrical communication with the
conductive structures on the top major face 104. In some
implementations, one or more conductive via through holes
may be utilized instead of, or in addition to, the conductive
section 150, and may provide conductivity between the
conductive structures on the top major face 104 and the
conductive structures on the bottom major face 106.
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[0077] As discussed in greater detail below, the shapes of
the conductive structures depicted in FIGS. 1A to 1C are
exemplary, and other sizes and shapes may also be used.
[0078] A surface mount antenna such as antenna 100 may
require a separate ground plane for operation. In some
embodiments, the ground plane may be part of a printed
circuit board (PCB) on which the antenna is mounted and
aligned with structures on the PCB. FIG. 2A is a top plan
view of an antenna such as the antenna of FIG. 1A mounted
on a printed circuit board (PCB). FIG. 2B is a side view of
the antenna and PCB of FIG. 2A. FIG. 2C is a bottom plan
view of the antenna and PCB of FIG. 2A.

[0079] The antenna 100 is mounted in a first region 162 of
the PCB 160, which can be generally free from conductive
material. The PCB 160 also includes a second region 164
including a feed line 172, a ground plane 182, and an
impedance matching circuit 190. On the underside of the
PCB 160, visible in FIG. 2C, is a ground layer 184,
connected to the ground plane 182 by means of a plurality
of vias 186. The PCB may comprise any suitable substrate
material used in electronics and antenna manufacturing, for
example FR-4, IT-180, or any other suitable PCB material.
The conductive structures such as feed line 172, a ground
plane 182 may again comprise any suitable trace material
used in electronics and antenna manufacturing, such as
copper.

[0080] The feed line 170 extends between a first end 172
adjacent the antenna 100 and a second end 174 which can be
connected through the PCB to a connector 176 on the
underside of the PCB 160. The first end 172 can extend into
the region 162 of the PCB on which the antenna 100 is
mounted. The antenna 100 can be mounted so that a portion
of the conductive structure on the antenna 100, such as the
longitudinally extending portion 132 on the bottom major
face 106, can be aligned with the feel line 170 to place the
feed line 170 in electrical communication with the conduc-
tive structures on the antenna 100.

[0081] FIG. 3 is a detail top plan view of a section of the
PCB of FIG. 2A underlying the antenna. In particular, FIG.
3 primarily illustrates first region 162 of the PCB 160, to
which the antenna 100 will be bonded. It can be seen in FIG.
3 that the PCB 160 includes a plurality of solder locations
168 within the first region 162 of the PCB 160. One of the
solder locations is aligned with the first end 172 of the feed
line 170.

[0082] FIG. 4 is a schematic illustration of an exemplary
impedance matching circuit. As can be seen in FIG. 4, the
impedance matching circuit includes a 5.6 nH inductor
between the feed line 170 and the ground plane 182. In other
embodiments, other suitable component values and configu-
rations of impedance matching circuits may be used.
[0083] Because the dimensions and configuration of the
PCB 160 will affect the operation of the antenna 100, the
PCB 160 design, including the length of the PCB 160, can
have a significant effect on the performance of the antenna
100. The following exemplary test results illustrate the
effects of the PCB 160 length and the use of an impedance
matching circuit.

[0084] FIG. 5 is a table illustrating various aspects of
performance of the antenna of FIG. 1A when used with a
PCB with and without impedance matching. In particular,
FIG. 5 illustrates efficiency average, average gain, peak
gain, and maximum return loss for a number of frequency
bands within the range of roughly 1.7 GHz to 6 GHz when
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using a PCB 55 mm in length, with and without impedance
matching. The use of impedance matching improves the
average efficiency to 55% to 70% across the range of
roughly 1.7 GHz to 6 GHz.

[0085] FIG. 6 is a table illustrating various aspects of
performance of the antenna of FIG. 1A when used with
PCBs of various lengths between 30 mm and 65 mm. In
particular, FIG. 6 illustrates efficiency average, average gain,
and peak gain for a number of frequency bands within the
range of roughly 1.7 GHz to 6 GHz when used with PCBs
of various lengths between 30 mm and 65 mm, with imped-
ance matching.

[0086] FIG. 7 is a table illustrating maximum return loss
of the antenna of FIG. 1A when used with PCBs of various
lengths between 30 mm and 65 mm. In particular, FIG. 7
illustrates maximum return loss for a number of frequency
bands within the range of roughly 1.7 GHz to 6 GHz.
[0087] FIG. 8 is a plot and a series of tables illustrating
return loss of the antenna of FIG. 1A when used with a PCB
with and without impedance matching. In particular, FIG. 8
illustrates return loss for a number of frequency bands
within the range of roughly 1.7 GHz to 6 GHz when using
a PCB 55 mm in length, with and without impedance
matching.

[0088] FIG. 9A is a plot and FIG. 9B is a series of tables
illustrating return loss of the antenna of FIG. 1A when used
with PCBs of various lengths. In particular, FIGS. 9A and
9B illustrate return loss for a number of frequency bands
within the range of roughly 1.7 GHz to 6 GHz when used
with PCBs of various lengths between 30 mm and 65 mm,
using impedance matching.

[0089] FIG. 10 is a plot and a series of tables illustrating
efficiency of the antenna of FIG. 1A when used with a PCB
with and without impedance matching. In particular, FIG. 10
illustrates efficiency for a number of frequency bands within
the range of roughly 1.7 GHz to 6 GHz when using a PCB
55 mm in length, with and without impedance matching.
[0090] FIG. 11Ais a plot and FIG. 11B is a series of tables
illustrating efficiency of the antenna of FIG. 1A when used
with PCBs of various lengths. In particular, FIGS. 11A and
11B illustrate efficiency for a number of frequency bands
within the range of roughly 1.7 GHz to 6 GHz when used
with PCBs of various lengths between 30 mm and 65 mm,
using impedance matching.

[0091] FIG. 12 is a plot and a series of tables illustrating
average gain of the antenna of FIG. 1A when used with a
PCB with and without impedance matching. In particular,
FIG. 12 illustrates average gain for a number of frequency
bands within the range of roughly 1.7 GHz to 6 GHz when
using a PCB 55 mm in length, with and without impedance
matching.

[0092] FIG. 13A1is a plot and FIG. 13B is a series of tables
illustrating average gain of the antenna of FIG. 1A when
used with PCBs of various lengths. In particular, FIGS. 13A
and 13B illustrate average gain for a number of frequency
bands within the range of roughly 1.7 GHz to 6 GHz when
used with PCBs of various lengths between 30 mm and 65
mm, using impedance matching.

[0093] FIG. 14 is a plot and a series of tables illustrating
peak gain of the antenna of FIG. 1A when used with a PCB
with and without impedance matching. In particular, FIG. 14
illustrates peak gain for a number of frequency bands within
the range of roughly 1.7 GHz to 6 GHz when using a PCB
55 mm in length, with and without impedance matching.
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[0094] FIG.15A s a plot and FIG. 15B is a series of tables
illustrating peak gain of the antenna of FIG. 1A when used
with PCBs of various lengths. In particular, FIGS. 15A and
15B illustrate peak gain for a number of frequency bands
within the range of roughly 1.7 GHz to 6 GHz when used
with PCBs of various lengths between 30 mm and 65 mm,
using impedance matching.

[0095] As discussed above, a number of alternative
designs may be used for the conductive structures on an
antenna substrate. FIGS. 16 A to 16G illustrate various views
of alternative embodiments of an alternative antenna design.
[0096] FIG. 16A is a top view of a first major surface 204
of an antenna 200. The first major surface 204 includes a
pronged or branching conductive portion 210 which, in the
illustrated embodiment, is a generally V-shaped structure,
like the V-shaped conductive structure of the antenna 100.
The first major surface 204 also includes a laterally extend-
ing conductive portion 214 extending from the sides of the
branching conductive portion 210 near the base or vertex of
the branching conductive portion 210. The laterally extend-
ing conductive portion 214 may be asymmetrically arranged
relative to the branching conductive portion 210 so that the
laterally extending conductive portion 214 extends further
outward from a first side of the branching conductive portion
210 than from the opposite side.

[0097] FIG. 16B illustrates a first embodiment of a side
surface 2084 which includes a conductive structure 250q.
Like the conductive structure 150 of the antenna 100, the
conductive structure 250q is a generally linear structure
extending between the first and second major surfaces of the
antenna 200. In some implementations, one or more con-
ductive via through holes may be utilized instead of, or in
addition to, the conductive section 250, and may provide
conductivity between the conductive structures on the first
major face 204 and the conductive structures on a second
major surface 206.

[0098] FIG.16C illustrates a second embodiment of a side
surface 2085. In contrast to the conductive structure 250a of
the side surface 208a of FIG. 16B, the conductive structure
25056 does not have a substantially constant width along its
height. Rather, a first portion 256a adjacent a first major
surface of the antenna 200 is wider than a second portion
2565 adjacent a second major surface of the antenna 200. In
the embodiment illustrated in FIG. 16C, the first portion
256a has a substantially constant first width and the second
portion 25654 has a substantially constant second width, such
that the conductive structure 2505 is a generally T-shaped
structure. In some embodiments, the wider first portion 2564
can be adjacent the major surface of the antenna 200 which
includes a laterally extending conductive structure, such as
laterally extending conductive structure 214 extending along
an edge adjacent the side surface 2085. As discussed herein,
such a laterally extending conductive structure 214 may be
asymmetrically arranged relative to a centerline of the major
surface of the antenna 200 on which it is located.

[0099] FIG. 16D illustrates a third embodiment of a side
surface 208c. Like the conductive structure 2505 of the side
surface 208a of FIG. 16B, the conductive structure 2505
does not have a substantially constant width along its height.
A first portion 256a'adjacent a first major surface of the
antenna 200 has a tapering shape wider than a second
portion 2565'adjacent a second major surface of the antenna
200. In the illustrated embodiment, the second portion
256b'has a generally constant second width along its height,
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and the first portion 256a'has a frustopyramidal shape
extending from the smaller second width adjacent the sec-
ond portion 2564'to a first wider width at the edge of the side
surface 208c.

[0100] The exemplary shapes illustrated in FIGS. 16B to
16D are not an exhaustive list of all possible shapes. In some
embodiments in which the conductive structure has a taper-
ing width, the taper may not be linear, but may instead be
curved. In some embodiments, all or substantially all of the
conductive structure may have a frustopyramidal shape. Any
other suitable shape may also be used.

[0101] FIG. 16E illustrates an embodiment of a second
major surface 206a. Like the antenna 100, the second major
surface 2064 includes a branching conductive structure 230a
which in the illustrated embodiment is a generally T-shaped
structure, including a laterally extending portion 232a
extending along or adjacent an edge of the second major face
206a of the antenna 200, and a longitudinally extending
portion 234 extending between the laterally extending por-
tion 232a and the opposite edge. The longitudinally extend-
ing portion 234 runs generally perpendicular to the laterally
extending portion 2324 at or near a centerline of the bottom
second major face 206a of the antenna 200. In the illustrated
embodiment, the longitudinally extending portion 234 has a
substantially constant width. The longitudinal thickness of
the laterally extending portion 232a is substantially constant
across the laterally extending portion 232a, giving the
branching conductive structure 230a a T-shape. The second
major surface 206a may also include conductive pads 258
aligned with the solder locations 168 on a PCB 160 to which
the antenna 200 will be attached.

[0102] FIG. 16F illustrates a second embodiment of a
second major surface 2065. Like the second major surface
206a, the second major surface 2065 includes a branching
conductive structure 2305 which includes a laterally extend-
ing portion 2325 extending along or adjacent an edge of the
second major face 2065 of the antenna 200, and a longitu-
dinally extending portion 234 extending in a generally
perpendicular direction between the laterally extending por-
tion 2325 and the opposite edge. In contrast to the laterally
extending portion 2324 of the branching conductive struc-
ture 230q, the laterally extending portion 2326 of the
branching conductive structure 2305 does not have a sub-
stantially constant longitudinal thickness. Instead, the lon-
gitudinal thickness of the laterally extending portion 2325
decreases from a first thickness adjacent the laterally extend-
ing portion 2325 to a second thickness at the side edges of
the second major surface 2065. In the illustrated embodi-
ment, the laterally extending portion 2325 has a generally
linear taper between the first thickness and the second
thickness, giving a portion of the laterally extending portion
232b a frustopyramidal or V-shaped appearance.

[0103] FIG. 16G illustrates a second embodiment of a
second major surface 2065. Like the second major surface
2065, the second major surface 206¢ includes a branching
conductive structure 2305 which includes a laterally extend-
ing portion 2325 extending along or adjacent an edge of the
second major face 2065 of the antenna 200, and a longitu-
dinally extending portion 234 extending in a generally
perpendicular direction between the laterally extending por-
tion 2324 and the opposite edge, where the laterally extend-
ing portion 2324 has a varying longitudinal thickness. How-
ever, unlike the branching conductive structure 2305, the
variance between the maximum longitudinal thickness and
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the minimum longitudinal thickness is not linear. Instead,
the rate of taper increases with increased distance from the
longitudinally extending portion 234. The varying rate of
taper of the illustrated embodiment gives a portion of the
laterally extending portion 232¢ adjacent the longitudinally
extending portion 234 a convex curved shape.

[0104] The exemplary shapes illustrated in FIGS. 16E to
16G are not an exhaustive list of all possible shapes for a
second major surface of the antenna 200. Any other suitable
shape may also be used. Any suitable combination of the
side surfaces and second major surfaces may be used in an
embodiment of the antenna 200.

[0105] FIGS. 17A to 17E illustrate various views of vari-
ous alternative embodiments of another alternative antenna
design. FIG. 17A illustrates a first major surface 304 of the
antenna 300 which includes a pronged or branching con-
ductive portion 310 and which, in the illustrated embodi-
ment, is a generally V-shaped structure, like the V-shaped
conductive structure of the antenna 100. However, the first
major surface 304 differs from the first major surface 104 of
the antenna 100 in that the first major surface 304 does not
include a laterally extending conductive portion extending
outward from the sides of the branching conductive portion
310.

[0106] FIG. 17B illustrates a side surface 308 of the
antenna 300 which includes a conductive structure 350. Like
the conductive structure 150 of the antenna 100, the con-
ductive structure 350 is a generally linear structure extend-
ing between the first and second major surfaces of the
antenna 300. In some implementations, one or more con-
ductive via through holes may be utilized instead of, or in
addition to, the conductive section 350, and may provide
conductivity between the conductive structures on the first
major face 304 and the conductive structures on a second
major surface 306.

[0107] FIG. 17C illustrates a first embodiment of a second
major surface 306a of the antenna 300. The second major
surface 306q is similar to the second major surface 206a of
the antenna 200 of FIG. 16E, except that the second major
surface 3064 also includes a laterally extending conductive
portion 314 opposite the laterally extending portion 332a.
The laterally extending conductive portion 314 is connected
to the laterally extending portion 332a by the longitudinally
extending portion 334. As can be secen in the illustrated
embodiment, the laterally extending portion 332a may be
asymmetrically located relative to a centerline of the second
major surface 306a of the antenna 300, such that it extends
further outward from the longitudinally extending portion
334 in one direction than it does in the opposite direction.
[0108] The second major surface 306a can thus form a
part of an antenna 300 which is similar to the antenna 100
except that the laterally extending portion 314 is on the
second major surface of the antenna 300, in contrast to the
laterally extending portion 114 of antenna 100 which is on
the first major surface. Thus, in some embodiments, rather
than being on the major surface of the antenna which is
distal the PCB board to which the antenna is mounted, the
laterally extending portion 314 can be on the major surface
of'the antenna which is proximal the PCB board to which the
antenna 300 is mounted.

[0109] FIG. 17D illustrates a second embodiment of a
second major surface 3065 of the antenna 300. The second
major surface 3065 is similar to the second major surface
2065 of the antenna 200 of FIG. 16F, except that the second
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major surface 3065 also includes a laterally extending
conductive portion 314 opposite the laterally extending
portion 332b. The laterally extending conductive portion
314 is connected to the laterally extending portion 3325 by
the longitudinally extending portion 334. The laterally
extending portion 33254 has a varying longitudinal thickness
along its length. In particular, the laterally extending portion
3325 has a generally linear taper between the first thickness
and the second thickness, giving a portion of the laterally
extending portion 3326 a frustopyramidal or V-shaped
appearance.

[0110] FIG. 17E illustrates a third embodiment of a second
major surface 306¢ of the antenna 300. The second major
surface 306¢ is similar to the second major surface 206¢ of
the antenna 200 of FIG. 16G, except that the second major
surface 306¢ also includes a laterally extending conductive
portion 314 opposite the laterally extending portion 332c¢.
The laterally extending conductive portion 314 is connected
to the laterally extending portion 332¢ by the longitudinally
extending portion 334. The laterally extending portion 332¢
has a varying longitudinal thickness along its length. In
particular, the laterally extending portion 332¢ has a non-
linear taper between the first thickness and the second
thickness, giving a portion of the laterally extending portion
332c¢ a convex curved shape.

[0111] The exemplary shapes illustrated in FIGS. 17C to
17E are not an exhaustive list of all possible shapes for a
second major surface of the antenna 300. Any other suitable
shape may also be used. Any suitable combination of the
side surfaces and second major surfaces may be used in an
embodiment of the antenna 300.

[0112] FIG. 18A is a top view of a first major surface 404
of an antenna 400. The first major surface 404 includes a
pronged or branching conductive portion 410 which, in the
illustrated embodiment, is a generally U-shaped structure, in
contrast to the V-shaped conductive structure of the antenna
100. In the illustrated embodiment, the outer boundaries of
the branching conductive portion 410 are generally rounded
along their entire length, while the interior boundary of the
branching conductive portion 410 includes a combination of
a curved section near the middle of the major surface 404
and linear sections closer to the edge of the major surface
404. However, any other combination of shapes may also be
used to provide a branching conductive portion 410 which
includes at least one curved outer or boundary.

[0113] The first major surface 404 also includes a laterally
extending conductive portion 414 extending from the sides
of the branching conductive portion 410 near the base or
vertex of the branching conductive portion 410. The laterally
extending conductive portion 414 may be asymmetrically
arranged relative to the branching conductive portion 410 so
that the laterally extending conductive portion 414 extends
further outward from a first side of the branching conductive
portion 410 than from the opposite side.

[0114] FIG. 18B illustrates a first embodiment of a side
surface 4084 which includes a conductive structure 450q.
Like the conductive structure 250a of FIG. 16B, the con-
ductive structure 450q is a generally linear structure extend-
ing between the first and second major surfaces of the
antenna 400. In some implementations, one or more con-
ductive via through holes may be utilized instead of, or in
addition to, the conductive section 450, and may provide
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conductivity between the conductive structures on the first
major face 404 and the conductive structures on a second
major surface 406.

[0115] FIG. 18C illustrates a second embodiment of a side
surface 408b. Like the conductive structure 2505 of FIG.
16C, the conductive structure 4505 does not have a substan-
tially constant width along its height. A first portion 4564
adjacent a first major surface of the antenna 400 is wider
than a second portion 4565 adjacent a second major surface
of the antenna 400. In the embodiment illustrated in FIG.
18C, the first portion 4564 has a substantially constant first
width and the second portion 4565 has a substantially
constant second width, such that the conductive structure
4505 is a generally T-shaped structure. In some embodi-
ments, the wider first portion 4564 can be adjacent the major
surface of the antenna 400 which includes a laterally extend-
ing conductive structure, such as laterally extending con-
ductive structure 414 extending along an edge adjacent the
side surface 4085. As discussed herein, such a laterally
extending conductive structure 414 may be asymmetrically
arranged relative to a centerline of the major surface of the
antenna 400 on which it is located.

[0116] FIG. 18D illustrates a third embodiment of a side
surface 408¢. Like the conductive structure 250c¢ of FIG.
16D, the, the conductive structure 450c¢ does not have a
substantially constant width along its height. A first portion
456a'adjacent a first major surface of the antenna 400 has a
tapering shape wider than a second portion 4565 adjacent a
second major surface of the antenna 400. In the illustrated
embodiment, the second portion 4565'has a generally con-
stant second width along its height, and the first portion
456a'has a frustopyramidal shape extending from the
smaller second width adjacent the second portion 4565' to a
first wider width at the edge of the side surface 408c.

[0117] The exemplary shapes illustrated in FIGS. 18B to
18D are not an exhaustive list of all possible shapes. As
discussed with respect to FIGS. 16B to 16D, some embodi-
ments in which the conductive structure has a tapering
width, the taper may not be linear, but may instead be
curved. In some embodiments, all or substantially all of the
conductive structure may have a frustopyramidal shape. Any
other suitable shape may also be used.

[0118] FIG. 18E illustrates an embodiment of a second
major surface 406a. Like the second major surface 206a of
FIG. 16E, the second major surface 4064 includes a branch-
ing conductive structure 430aq which in the illustrated
embodiment is a generally T-shaped structure, including a
laterally extending portion 432a extending along or adjacent
an edge of the second major face 406a of the antenna 400,
and a longitudinally extending portion 434 extending
between the laterally extending portion 432a and the oppo-
site edge. The longitudinally extending portion 434 runs
generally perpendicular to the laterally extending portion
432b at or near a centerline of the bottom second major face
406a of the antenna 400. In the illustrated embodiment, the
longitudinally extending portion 434 has a substantially
constant width. The longitudinal thickness of the laterally
extending portion 432q is substantially constant across the
laterally extending portion 432a, giving the branching con-
ductive structure 430a a T-shape. The second major surface
4064 may also include conductive pads 458 aligned with the
solder locations 168 on a PCB 160 to which the antenna 400
will be attached.
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[0119] FIG. 18F illustrates a second embodiment of a
second major surface 4065. Like the second major surface
2065 of FIG. 16F, the second major surface 4065 includes a
branching conductive structure 4305 which includes a lat-
erally extending portion 4325 extending along or adjacent an
edge of the second major face 4065 of the antenna 400, and
a longitudinally extending portion 434 extending in a gen-
erally perpendicular direction between the laterally extend-
ing portion 4325 and the opposite edge. In contrast to the
laterally extending portion 4325 of the branching conductive
structure 430aq, the laterally extending portion 4325 of the
branching conductive structure 4305 does not have a sub-
stantially constant longitudinal thickness. Instead, the lon-
gitudinal thickness of the laterally extending portion 4325
decreases from a first thickness adjacent the laterally extend-
ing portion 4325 to a second thickness at the side edges of
the second major surface 4065. In the illustrated embodi-
ment, the laterally extending portion 4325 has a generally
linear taper between the first thickness and the second
thickness, giving a portion of the laterally extending portion
432b a frustopyramidal or V-shaped appearance.

[0120] FIG. 18G illustrates a second embodiment of a
second major surface 4065. Like the second major surface
206¢ of FIG. 16G, the second major surface 406¢ includes
a branching conductive structure 4306 which includes a
laterally extending portion 4325 extending along or adjacent
an edge of the second major face 4065 of the antenna 400,
and a longitudinally extending portion 434 extending in a
generally perpendicular direction between the laterally
extending portion 4326 and the opposite edge, where the
laterally extending portion 4325 has a varying longitudinal
thickness. However, unlike the branching conductive struc-
ture 4305, the variance between the maximum longitudinal
thickness and the minimum longitudinal thickness is not
linear. Instead, the rate of taper increases with increased
distance from the longitudinally extending portion 434. The
varying rate of taper of the illustrated embodiment gives a
portion of the laterally extending portion 432¢ adjacent the
longitudinally extending portion 434 a convex curved shape.
[0121] The exemplary shapes illustrated in FIGS. 18E to
18G are not an exhaustive list of all possible shapes for a
second major surface of the antenna 400. As discussed with
respect to FIGS. 16E to 16G, any other suitable shape may
also be used. Any suitable combination of the side surfaces
and second major surfaces may be used in an embodiment
of the antenna 400.

[0122] FIGS. 19A to 19E illustrate various views of vari-
ous alternative embodiments of another alternative antenna
design. FIG. 19A illustrates a first major surface 504 of the
antenna 500 which includes a pronged or branching con-
ductive portion 510 and which, in the illustrated embodi-
ment, is a generally U-shaped structure, like the U-shaped
conductive structure of the antenna 400 of FIG. 18A.
However, the first major surface 504 differs from the first
major surface 404 of the antenna 400 in that the first major
surface 504 does not include a laterally extending conduc-
tive portion extending outward from the sides of the branch-
ing conductive portion 510.

[0123] FIG. 19B illustrates a side surface 508 of the
antenna 500 which includes a conductive structure 550. Like
the conductive structure 150 of the antenna 100, the con-
ductive structure 550 is a generally linear structure extend-
ing between the first and second major surfaces of the
antenna 500. In some implementations, one or more con-
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ductive via through holes may be utilized instead of, or in
addition to, the conductive section 550, and may provide
conductivity between the conductive structures on the first
major face 504 and the conductive structures on a second
major surface 506.

[0124] FIG. 19C illustrates a first embodiment of a second
major surface 506a of the antenna 500. The second major
surface 506q is similar to the second major surface 306a of
the antenna 300 of FIG. 17E, as the second major surface
506a also includes a laterally extending conductive portion
514 opposite the laterally extending portion 532a. The
laterally extending conductive portion 514 is connected to
the laterally extending portion 532a by the longitudinally
extending portion 534. As can be seen in the illustrated
embodiment, the laterally extending portion 5324 may be
asymmetrically located relative to a centerline of the second
major surface 506a of the antenna 500, such that it extends
further outward from the longitudinally extending portion
534 in one direction than it does in the opposite direction.
[0125] The second major surface 506a can thus form a
part of an antenna 500 in which the laterally extending
portion 514 is on the second major surface of the antenna
500. Thus, in some embodiments, rather than being on the
major surface of the antenna which is distal the PCB board
to which the antenna is mounted, the laterally extending
portion 514 can be on the major surface of the antenna which
is proximal the PCB board to which the antenna 500 is
mounted.

[0126] FIG. 19D illustrates a second embodiment of a
second major surface 5065 of the antenna 500. The second
major surface 5065 is similar to the second major surface
3065 of the antenna 300 of FIG. 17D, as the second major
surface 5065 also includes a laterally extending conductive
portion 514 opposite the laterally extending portion 532b.
The laterally extending conductive portion 514 is connected
to the laterally extending portion 5324 by the longitudinally
extending portion 534. The laterally extending portion 5325
has a varying longitudinal thickness along its length. In
particular, the laterally extending portion 5325 has a gener-
ally linear taper between the first thickness and the second
thickness, giving a portion of the laterally extending portion
532b a frustopyramidal or V-shaped appearance.

[0127] FIG. 19E illustrates a third embodiment of a sec-
ond major surface 506¢ of the antenna 500. The second
major surface 506¢ is similar to the second major surface
306¢ of the antenna 300 of FIG. 17E, as the second major
surface 506¢ also includes a laterally extending conductive
portion 514 opposite the laterally extending portion 532c.
The laterally extending conductive portion 514 is connected
to the laterally extending portion 532¢ by the longitudinally
extending portion 534. The laterally extending portion 532¢
has a varying longitudinal thickness along its length. In
particular, the laterally extending portion 532¢ has a non-
linear taper between the first thickness and the second
thickness, giving a portion of the laterally extending portion
532c¢ a convex curved shape.

[0128] The exemplary shapes illustrated in FIGS. 19C to
19E represent only a subset of possible shapes for a second
major surface of the antenna 500. Any other suitable shape
may also be used. Any suitable combination of the side
surfaces and second major surfaces may be used in an
embodiment of the antenna 500.

[0129] Itis to be understood that the claims are not limited
to the precise configuration and components illustrated
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above. Various modifications, changes and variations may
be made in the arrangement, operation and details of the
methods and apparatus described above without departing
from the scope of the claims.

[0130] While the foregoing is directed to aspects of the
present disclosure, other and further aspects of the disclosure
may be devised without departing from the basic scope
thereof, and the scope thereof is determined by the claims
that follow.

1. (canceled)

2. An antenna structure, comprising:

a substrate comprising a top major face, a bottom major

face, and a side face, the top major face comprising:

a first edge of the top major face being disposed
adjacent the side face and a second edge of the top
major face being disposed opposite from the first
edge of the top major face;

a first laterally extending conductive structure extend-
ing at least partially along the first edge of the top
major face of the substrate; and

a pronged conductive structure comprising a first prong
extending from a central portion of the first laterally
extending conductive structure towards a first corner
of the top major face of the substrate adjacent the
second edge of the top major face, and a second
prong extending from the central portion of the first
laterally extending conductive structure towards a
second corner of the top major face of the substrate
adjacent the second edge of the top major face, the
second corner residing on an edge of the top major
face that is opposite from the first edge of the first
major face of the substrate;

the second major face comprising:

a second laterally extending conductive structure
extending along a first edge of the bottom major face
of the substrate; and

a longitudinally extending conductive structure extend-
ing between the second laterally extending conduc-
tive structure towards a second edge of the bottom
major face of the substrate opposite the first edge of
the bottom major face of the substrate; and

a conductive structure aligned with the longitudinally

extending conductive structure of the bottom major
face, the conductive structure placing the conductive
structures on the top major face in electrical commu-
nication with the conductive structures on the bottom
major face.

3. The antenna structure of claim 2, wherein the first
laterally extending conductive structure is asymmetrically
aligned relative to the pronged conductive structure.

4. The antenna structure of claim 3, wherein a first portion
of the first laterally extending structure extending from a
first side of the pronged conductive structure is longer than
a second portion of the first laterally extending conductive
structure extending from a second side of the pronged
conductive structure.

5. The antenna structure of claim 4, wherein the pronged
conductive structure comprises a substantially V-shaped
structure.

6. The antenna structure of claim 4, wherein the pronged
conductive structure comprises a substantially U-shaped
structure.

7. The antenna structure of claim 2, wherein a width of the
first prong increases with increased distance from the first
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laterally extending conductive structure, and wherein a
width of the second prong increases with increased distance
from the first laterally extending conductive structure.

8. The antenna structure of claim 7, wherein the first
laterally extending conductive structure extends along only
a portion of the first edge of the top major face of the
substrate.

9. The antenna structure of claim 8, wherein the top major
face and the bottom major face have dimensions of roughly
10 mm by 20 mm.

10. The antenna structure of claim 9, wherein the side face
has dimensions of roughly 3 mm by 20 mm.

11. An antenna assembly comprising:

a printed circuit board comprising:

a feed line;

a ground plane; and

an impedance matching component in electrical com-
munication between the feed line and the ground
plane; and

a surface mount antenna mounted to the printed circuit

board, the surface mount antenna comprising:

a substrate;

a conductive structure on a top major surface of the
substrate distal the printed circuit board, the conduc-
tive structure comprising:

a laterally extending portion extending along a first
edge of the top major surface proximal the feed
line;

a first prong extending away from the laterally
extending portion at a first oblique angle to the
laterally extending portion; and

a second prong extending away from the laterally
extending portion at a second oblique angle to the
laterally extending portion;

wherein a width of the first prong increases with
increased distance from the laterally extending
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portion, and wherein a width of the second prong
increases with increased distance from the later-
ally extending portion.

12. The antenna assembly of claim 11, wherein the first
and second prong form a substantially V-shaped structure.

13. The antenna assembly of claim 12, wherein the
laterally extending portion is asymmetrically arranged rela-
tive to the first and second prongs.

14. The antenna assembly of claim 11, wherein the first
and second prong form a substantially U-shaped structure.

15. The antenna assembly of claim 11, wherein the printed
circuit board comprises a ground layer on a side of the
printed circuit board opposite the ground plane, and a
plurality of vias extending through the printed circuit board
and electrically connecting the ground plane to the ground
layer.

16. The antenna assembly of claim 15, wherein the printed
circuit board has a length of between 30 mm and 65 mm.

17. The antenna assembly of claim 16, wherein the printed
circuit board has a length of between 40 and 45 mm.

18. The antenna assembly of claim 11, wherein the surface
mount antenna comprises a substantially T-shaped conduc-
tive structure on a bottom major surface of the surface mount
antenna that is disposed proximate the printed circuit board.

19. The antenna assembly of claim 18, wherein the
surface mount antenna comprises a conductive structure on
a side surface of the surface mount antenna, the conductive
structure on the side surface placing the conductive structure
on the top major surface in electrical communication with
the substantially T-shaped conductive structure on the bot-
tom major surface.

20. The antenna assembly of claim 19, wherein the
laterally extending portion extends along only a portion of
the first edge of the top major face of the substrate.

21. The antenna assembly of claim 20, wherein the
substrate has dimensions of roughly 20 mmx10 mmx3 mm.
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