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ABSTRACT

An antenna includes a first folded dipole, and a second folded dipole connected in
parallel to the first folded dipole. The antenna further includes a conductor that extends across
a first gap in the first folded dipole and a second gap in the second folded dipole to connect to
a first central section of the first folded dipole and to a second central section of the second

folded dipole.
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COMPACT FOLDED DIPOLE ANTENNA
WITH MULTIPLE FREQUENCY BANDS

TECHNICAL FIELD

[0001] The present invention relates to antennas, and more particularly to dipole antennas

with multiple frequency bands.

BACKGROUND

[0002] Dipole antennas are commonly used for wireless communications. A dipole antenna
typically includes two identical conductive elements to which a driving current from a
transmitter is applied, or from which a received wireless signal is applied to a receiver. A
dipole antenna most commonly includes two conductors of equal length oriented end-to-end
with a feedline connected between them. A half-wave dipole includes two quarter-wavelength
conductors placed end to end for a total length (L) of approximately L=A/2, where A is the
intended wavelength of operation. A folded dipole antenna consists of a half-wave dipole
with an additional wire connecting its two ends. The far-field emission pattern of the folded
dipole antenna is nearly identical to the half-wavelength dipole, but typically has an increased
impedance and a wider bandwidth. Half-wavelength folded dipoles are used for various

applications including, for example, for Frequency Modulated (FM) radio antennas.

SUMMARY

[0003] According to a broad aspect of the technology, there is provided an antenna
comprising
a first folded dipole (200);

a second folded dipole (205) connected in parallel to the first folded dipole (200); and
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a conductor (130) that extends across an interior gap (G3) within the first folded dipole
(200) and the second folded dipole (205) to electrically couple a first central section of an
outer non-feed arm (315-1) of the first folded dipole (200) to a second central section of an

outer non-feed arm (315-2) of the second folded dipole (205).

[0004] In one or more embodiments of the antenna, a length of the conductor (130)

determines a primary frequency of the antenna.

[0005] In one or more embodiments of the antenna, a first end of the conductor (130) couples
to a first dipole stub (235-1) of the first folded dipole (200) and a second end of the conductor

(130) couples to a second dipole stub (235-2) of the second folded dipole (205).

[0006] In one or more embodiments of the antenna, the antenna further comprises a planar
dielectric (105), the first folded dipole (200) and the second folded dipole (205) are formed on
a first side (110) of the planar dielectric (105) and the conductor (130) is formed on a second

side (115) of the planar dielectric (105).

[0007] In one or more embodiments of the antenna, the first end of the conductor (130)
capacitively couples to the first dipole stub (235-1) across the planar dielectric (105) and the
second end of the conductor (130) capacitively couples to the second dipole stub (235-2)

across the planar dielectric (105).

[0008] In one or more embodiments of the antenna, the first folded dipole (200) includes a
first feed arm (310-1) and the outer non-feed arm (315-1), and a first dipole stub (235-1)
connects to the first central section of the outer non-feed arm (315-1), and the second folded

dipole (205) includes a second feed arm (310-2) and the outer non-feed arm (315-2) and a

-2-
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second dipole stub (235-2) connects to the second central section of the second non-feed arm
(315-2), the conductor (130) electrically couples to the first central section of the outer non-
feed arm (315-1) of the first folded dipole (200) via the first dipole stub (235-1) and to the
second central section of the outer non-feed arm (315-2) of the second folded dipole (200) via

the second dipole stub (235-2).

[0009] In one or more embodiments of the antenna, the antenna further comprises a feed
conductor line (125), formed on the second side (115) of the planar dielectric (105), that

connects to a feed section (225) of the first and second folded dipoles.

[0010] In one or more embodiments of the antenna, the antenna further comprises an
impedance matching element (140) formed at a location along a length of the feed conductor

line (125).

[0011] In one or more embodiments of the antenna, the antenna further comprises an
impedance matching element (135), formed on the second side (115) of the planar dielectric

(105), that electrically couples to a feed section (225) of the first and second folded dipoles.

[0012] In one or more embodiments of the antenna, the antenna further comprises a third
folded dipole (245) formed within the first folded dipole (200) and a fourth dipole (250)
formed within the second folded dipole (205) due to the conductor electrically coupling to the
first central section of the outer non-feed arm (315-1) of the first folded dipole (200) and to

the second central section of the outer non-feed arm (315-2) of the second folded dipole (205).

[0013] According to a broad aspect of the technology, there is provided an antenna structure

comprising
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a dielectric (105);

a conductor layout (120) formed on the dielectric, the conductor layout (120) forms a
first folded dipole (200) coupled in parallel to a second folded dipole (205);

a feed line conductor (125) formed on the dielectric (105);

a first conductor (130), formed on the dielectric (105) across a length of the conductor
layout (120) across an interior gap (G3) within the first folded dipole (200) and the second
folded dipole (205) to electrically couple a first central section of an outer non-feed arm (315-
1) of the first folded dipole (200) to a second central section of an outer non-feed arm (315-2)

of the second folded dipole (205); and

a second conductor (135) formed on the dielectric (105) across a first gap (Gl)
between the first folded dipole (200) and the second folded dipole (205).In one or more
embodiments of the antenna, the second conductor (135) comprises an impedance matching

element for the antenna structure.

[0014] In one or more embodiments of the antenna, the dielectric (105) comprises a planar
dielectric (105), the conductor layout (120) is formed on a first side (110) of the planar
dielectric (105), and the feedline conductor (125), the first conductor (130), and the second
conductor (135) are formed on a second side (115) of the planar dielectric (105) that is

opposite to the first side (110).

[0015] In one or more embodiments of the antenna, a length of the first conductor (130)

determines a primary frequency of the antenna structure.

[0016] In one or more embodiments of the antenna, the antenna further comprises:
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a third folded dipole (245) formed within the first folded dipole (200) and a fourth
folded dipole (250) formed within the second folded dipole (205) due to the first conductor
(130) electrically coupling the first central section of the outer non-feed arm (315-1) of the
first folded dipole (200) and the second central section of the outer non-feed arm (315-2) of

the second folded dipole (205).

[0017] In one or more embodiments of the antenna, the antenna further comprises:
a third conductor (140) formed at a location along a length of the feed line conductor

(125).

[0018] In one or more embodiments of the antenna, the third conductor (140) comprises an

impedance matching element of the antenna structure.

[0019] In one or more embodiments of the antenna, the first folded dipole (200) includes a
first dipole stub (235-1) and the second folded dipole (205) includes a second dipole stub
(235-2), and a first end of the first conductor (130) electrically couples to the first dipole stub
(235-1) and a second end of the first conductor (130) electrically couples to the second dipole

stub (235-2).

[0020] In one or more embodiments of the antenna, the antenna electrically couples the first
central section of the outer non-feed arm (315-1) of the first folded dipole (200) to the second
central section of the outer non-feed arm (315-2) of the second folded dipole (205), via the
first conductor (130), electrically bisects the first folded dipole (200) and the second folded

dipole (205).
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[0021] According to a broad aspect of the technology, there is provided an antenna structure
comprising:

a planar dielectric (105);

a conductor layout (120) formed on a first side (110) of the planar dielectric (105), the
conductor layout (120) forms a first folded dipole (200) connected in parallel to a second
folded dipole (205);

a feed line conductor (125) formed on a second side (115) of the planar dielectric
(105), opposite to the first side (110);

an impedance matching conductor (135) formed on the second side (115) of the planar
dielectric (105); and

a frequency tuning conductor (130) formed on the second side (115) of the planar
dielectric (105),

the first folded dipole (200) including a first dipole stub (235-1) connected to a first
central section of an outer non-feed arm (315-1) of the first folded dipole (200), the second
folded dipole (205) including a second dipole stub (235-2) connected to a second central
section of an outer non-feed arm (315-2) of the second folded dipole (205), and a first end of
the frequency tuning conductor (130) capacitively coupling to the first dipole stub (235-1)
through the planar dielectric (105) and a second end of the frequency tuning conductor (130)

capacitively couples to the second dipole stub (235-2) through the planar dielectric (105).
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 depicts a three-dimensional view of a folded dipole antenna structure according

an exemplary implementation;

[0023] FIG. 2A depicts a two-dimensional “top” view of the first side of the antenna structure

depicted in FIG. 1;

[0024] FIG. 2B depicts a two-dimensional “see-through” view of the second side of the

antenna structure depicted in FIG. 1;

[0025] FIG. 3 depicts further details of the antenna conductor layout on the first side of the

planar dielectric of FIG. 1 according to one exemplary implementation;

[0026] FIG. 4 depicts further details of the second side of the planar dielectric of FIG. 1

according to one exemplary implementation; and

[0027] FIG. 5 depicts a plot of Voltage Standing Wave Ratio versus frequency for an

exemplary folded dipole antenna structure corresponding to FIG. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0028] The following detailed description refers to the accompanying drawings. The same
reference numbers in different drawings may identify the same or similar elements. The

following detailed description does not limit the invention.

[0029] A compact folded dipole antenna structure, as described herein, includes two parallel

connected, folded dipoles formed on one side of a planar dielectric, such as a Printed Circuit

-7 -
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Board (PCB); a feed line, a tunable frequency tuning element, and a tunable impedance
matching element formed on a second, opposite side of the planar dielectric. The resulting
antenna structure is compact and is also self-resonant such that the antenna structure does not
need to be attached to another structure to resonate. Each of the folded dipoles of the antenna
structure includes, within a gap of each folded dipole, a dipole stub that divides or bisects a
respective passive, non-fed arm of each folded dipole. The frequency tuning element, formed
on the side of the planar dielectric opposite the folded dipoles, extends across the length of the
antenna structure and is electrically coupled to the dipole stub of each folded dipole such that
the frequency tuning element electrically divides or bisects each folded dipole (i.e.,
electrically connects the non-fed arm of the first dipole to the non-fed arm of the second
dipole). The frequency tuning element, through its electrical connections to each dipole stub
and bisection of each folded dipole, effectively creates two additional folded dipoles within
the antenna conductor layout. This creation of two additional folded dipoles enables the
antenna structure to resonate on two separate frequency bands. The antenna structure
additionally includes a tunable impedance matching element formed on a second, opposite
side of the planar dielectric and which extends across a gap between respective feed sections
of each of the folded dipoles. Since current is balanced in the layout of the antenna structure,
no external balun needs to be used with the antenna structure. The antenna structure may also
include a microstrip feed line that may be formed integrally with the antenna layout,
eliminating a need for an external coaxial structure. The antenna structure described herein
may be used in, for example, a meter such as a utility meter (e.g., a water meter or power
usage meter). The antenna structure may be a component of a meter interface unit within the

utility meter that enables primary communication with the utility meter in first frequency band
— 8 —
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and secondary communication with the utility meter in a second frequency band (e.g., for
Bluetooth™ communication). The compact nature of the antenna structure, requiring use of
no external components (e.g., no components on an external PCB), enables it to be fit within
the physical constraints of existing meter interface units, or more easily fit within newly

designed meter interface units.

[0030] FIG. 1 depicts a three-dimensional view of a folded dipole antenna structure 100
according to an exemplary implementation. As shown, the folded dipole antenna structure
100 includes a planar dielectric 105 having a first side 110, and an opposite, second side 115.
In the example shown, first side 110 may be a “top” side and the second side 115 may be a
“bottom” side. Planar dielectric 105 may include one or more of various types of dielectric
material, such as, for example, fiberglass, glass, plastic, mica, and metal oxide, and may have
a thickness (7a) ranging from approximately 0.008 inches to about 0.24 inches. In one
exemplary implementation, planar dielectric 105 may have a thickness 7a of 0.032 inches.
The first side 110 of planar dielectric 105 has an antenna conductor layout 120 formed upon it.
The antenna conductor layout 120 forms two parallel-connected folded dipoles, as described

in further detail below.

[0031] The second side 115 of planar dielectric 105 includes a feed line conductor 125, a
primary frequency tuning conductor 130, and a primary impedance matching (IM) conductor
135 formed upon it. Feed line conductor 125 traces a pattern upon the second side 115 of
planar dielectric 105 to connect a feed connector 150, through a via 1 145, to a feed section
(described further below) of the antenna conductor layout 120. In an example in which a

transmitter (not shown) transmits signals via the antenna structure 100, the transmitter signals

-9
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are received by the center conductor of feed connector 150, conveyed through via 1 145 to
feed line conductor 125, conveyed along a length of the feed line conductor 125, and
conveyed through via 2 155 to the feed section of the folded dipoles on the first side 110 of
planar dielectric 105. In an example in which a receiver (not shown) receives signals via the
antenna structure 100, wireless signals received by antenna structure 100 are conveyed, via the
feed section, through via 2 155, conveyed along a length of the feed line conductor 125, and
conveyed through via 1 145 to the center conductor of feed connector 150. The second side
115 of planar dielectric 105 may optionally have a secondary impedance matching conductor

140 formed at a location along the length of the feed line conductor 125.

[0032] FIG. 2A depicts a two-dimensional “top” view of the first side 110 of antenna structure
100. FIG. 2B depicts a two-dimensional “see-through” view of the second side 115 of
antenna structure 100. In the view of FIG. 2B, the material of planar dielectric 105 is depicted
as transparent such that the underlying conductor layouts on the underside of planar dielectric
105 can be clearly seen. Returning to FIG. 2A, a left portion of the antenna conductor layout
120 includes a first folded dipole 200, and a right portion of the antenna conductor layout 120
includes a second folded dipole 205. As shown, feed connector 150 includes a common (e.g.,
ground) connection to the antenna conductor layout 120 via a connector sleeve 210 of
connector 150. Both folded dipoles 200 and 205 are electrically connected to the common
connection at feed connector 150. The center conductor 215 of connector 150 acts as the feed
conductor and either supplies a transmitter signal (not shown) to feed line conductor 125 (FIG.
2B) through via 1 145 (not shown) or supplies a received signal from via 1 145 and feed line

conductor 125 to a receiver (not shown) connected to connector 150. Feed line conductor 125

-10-
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(FIG. 2B) supplies the transmitter signal through via 2 155 to a feed section 225 of the
antenna conductor layout 120. Therefore, folded dipole 200 and folded dipole 205 are
connected in parallel with one another between the common connection at connector 150 and
the feed connection from center conductor 215 of connector 150 (i.e., through via 2 155 to

feed line conductor 125, through via 2 155, to feed section 225).

[0033] As shown in FIG. 2A, folded dipole 1 200 includes a dipole stub 1 235-1 that divides
an outer arm (referred to herein as the passive, non-feed arm) of dipole 1 200. Folded dipole 2
205 further includes a dipole stub 2 235-2 that divides the passive, non-feed arm of dipole 2
205. Primary frequency tuning conductor 130 (also referred to herein as “tuning element
130”), depicted in FIG. 2B, includes a length of conductor that extends over a length of the
antenna conductor layout 120 on the first side 110 of planar dielectric 105. A first end of
tuning element 130 (i.e., the left side in FIG. 2B) couples to dipole stub 1 235-1 across the
width 7q of planar dielectric 105, and a second end of tuning element 130 (i.e., the right side
in FIG. 2B) couples to dipole stub 2 235-2 across the width 7a of planar dielectric 105. In one
exemplary implementation, each end of tuning element 130 may capacitively couple to dipole
stubs 235-1 and 235-2 through the dielectric material of planar dielectric 105. In another
implementation, each end of tuning element 130 may directly electrically connect to dipole
stubs 235-1 and 235-2 through conductive vias (not shown) that extend through the dielectric
material of planar dielectric 105. Frequency tuning element 130, via its connections to dipole
stubs 235-1 and 235-2, divides folded dipole 1 200 and folded dipole 2 205 to effectively
create two additional folded dipoles within the antenna conductor layout 120: folded dipole 3

245 and folded dipole 4 250 (FIG. 2A). Therefore, by the connection of tuning element 130

-11 -
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across dipole stubs 235-1 and 235-2, a secondary folded dipole 3 245 is created within folded
dipole 1 200, and another secondary folded dipole 4 250 is created within folded dipole 2 205.
Additional details regarding dimensions of the components of antenna conductor layout 120

of an exemplary implementation are described below with respect to FIG. 3.

[0034] As shown in FIG. 2B, via 1 145, which passes through the dielectric material of planar
dielectric 105, electrically connects to a first end of feed line conductor 125. The feed line
conductor 125 traces a circuitous pattern upon second side 115 of planar dielectric 105 that
follows a portion of the pattern of antenna conductor layout 120 on the first side 110. A first
end of feed line conductor 125 connects to center conductor 215 of connector 150 through via
1 145, and a second end of feed line conductor 125 connects to feed section 225 of antenna
conductor layout 120 through via 2 155. A primary impedance matching conductor 135 (also
referred to herein as “impedance matching element 135”) extends across second side 115 of
planar dielectric 105 to electrically couple the two sides of feed section 225 of antenna
conductor layout 120. Primary impedance matching element 135 includes a conductive strip
that extends from a first side of feed section 225 to a second side of feed section 225 to
electrically couple the two sides. In one implementation, primary impedance matching
element 135 may capacitively couple, across the dielectric material of planar dielectric 105,
the first side of feed section 225 to the second side of feed section 225. In another
implementation, two conductive vias (not shown) may extend through the planar dielectric
105 to connect a first end of impedance matching conductor/element 135 to a first side of feed
section 225, and a second end of impedance matching conductor/element 135 to a second side

of feed section 225. An optional secondary impedance matching conductor 140 (also referred

—-12 —
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to herein as “impedance matching element 140”) may be located along the length of feed line
conductor 125, as described further below with respect to FIG. 4. Additional details regarding
dimensions of the various components formed on second side 115 of planar dielectric 105 of

an exemplary implementation are described below with respect to FIG. 4.

[0035] FIG. 3 depicts further details of antenna conductor layout 120 on first side 110 of the
planar dielectric 105 according to one exemplary implementation. As shown, folded dipole 1
200 and folded dipole 2 205 (depicted in FIG. 2A) of antenna conductor layout 120 may each
have a length 1a and a width 15. In one exemplary implementation, length 1a may be 1.815
inches and width 15 may be 2.430 inches. Further, folded dipole 3 245 and folded dipole 4
250 (depicted in FIG. 2A) may each have a length 14 and a width lc. In one exemplary
implementation, length 14 may be 0.600 inches and width 1¢ may be 1.215 inches. Dipole
stub 1 235-1 and dipole stub 235-2 may each have a length 1g and a width 14. In one

exemplary implementation, length 1g may be 0.419 inches and width 1/ may be 0.040 inches.

[0036] As further depicted in FIG. 3, antenna conductor layout 120 includes feed section 225,
a first radiating section 300-1 (corresponding to folded dipole 1 200 and folded dipole 3 245),
a second radiating section 300-2 (corresponding to folded dipole 2 205 and folded dipole 4
250), and a common section 305. Feed section 225 may be divided into two sections, each
having a length le and a width 1f, and each separated from one another by a gap G1 in the
conductor material. In one exemplary implementation, the two sections of feed section 225
may have a length le of 1.170 inches, a width 1f of 0.440 inches, and a gap G1 of 0.060
inches. The two sections, each having a length le, of feed section 225 may be separated from

common section 305 of antenna conductor layout 120 by a gap G3. In one exemplary

—-13-
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implementation, the gap G3 may be 0.200 inches. Common section 305 may additionally

have a width 1/, similar to width 1/ of the two sections of feed section 225.

[0037] First radiating section 300-1 includes a feed arm 310-1 that connects to a non-feed arm
315-1. Second radiating section 300-2 includes a feed arm 310-2 that connects to a non-feed
arm 315-2. Feed arms 310-1 and 310-2 connect, respectively, to each of the two feed sections
having length le. Feed arms 310-1 and 310-2, and non-feed arms 315-1 and 315-2, each have
a width of 1i. In one exemplary implementation, the width 1 may be 0.200 inches. Feed arm
310-1 and non-feed arm 315-1, and feed arm 310-2 and non-feed arm 315-2, are, as shown in
FIG. 3, separated by a gap G2. In one exemplary implementation, the gap G2 may be 0.20
inches. Feed arm 310-1 connects to non-feed arm 315-1, and feed arm 310-2 connects to non-
feed arm 315-1, with sections of conductor each having a width 1. Non-feed arm 315-1
connects to common section 305, and non-feed arm 315-2 connects to common section 305
with sections of conductor each having a width 1%4. In one exemplary implementation, width

1j may be 0.238 inches and width 14 may be 0.268 inches.

[0038] FIG. 4 depicts further details of second side 115 of the planar dielectric 105 according
to one exemplary implementation. As shown, feed line conductor 125 may include a
conductive strip-line that traces a path, that roughly corresponds to a shape of a portion of
antenna conductor layout 120 on first side 110, from a connection with via 1 145 to a
connection with via 2 155. Optional secondary impedance matching element 140, including a
conductive element having a length 2e and a width 2f, may be formed at a distance d from the
connection to via 1 145 along the conductive strip-line of feed line conductor 125 upon second

side 115. In one exemplary implementation, the distance d may be 5.903 inches, the length 2e

- 14 —
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may be 0.390 inches, and the width 2/ may be 0.217 inches. The length 2e, width 2/, and
distance d along the conductive strip-line of feed line conductor 125 may each be selected so

as to adjust the impedance of folded dipole antenna structure 100 for impedance matching.

[0039] As further shown in FIG. 4, primary frequency tuning element 130 may include a
conductive element, having a length 2a and a width 2, formed upon second side 115 such
that a first end (the left side of element 130) is disposed opposite dipole stub 1 235-1 on first
side 110 to enable the first end to capacitively couple to dipole stub 1 235-1 through the
dielectric material of planar dielectric 105. Additionally, primary frequency tuning element
130 may be formed upon second side 115 such that a second end (the right side of element
130) is disposed opposite dipole stub 2 235-2 on first side 110 to enable the second end to
capacitively couple to dipole stub 2 235-2 through the dielectric material of planar dielectric
105. Primary frequency tuning element 130, therefore, electrically couples across a length of
antenna conductor layout 120 between dipole stub 1 235-1 and dipole stub 2 235-2. In one
exemplary implementation, length 2a may be 2.360 inches and width 26 may be 0.040 inches.
The selected length 2a of primary frequency tuning element 130 adjusts the fundamental
frequency (i.e., frequency band 1 described below with respect to FIG. 5) of the folded dipole

antenna structure 100.

[0040] FIG. 4 additionally depicts primary impedance matching element 135, including a
conductive element having a length 2¢ and a width 2d, formed upon second side 115 such that
a first end (the left side of element 135) is disposed opposite the left section of feed section
225 of antenna conductor layout 120 to enable the first end to capacitively couple to the left

end of feed section 225 through the dielectric material of planar dielectric 105. Additionally,

- 15—
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primary impedance matching element 135 may be formed upon second side 115 such that a
second end (the right side of element 135) is disposed opposite the right section of feed
section 225 of antenna conductor layout 120 to enable the second end to capacitively couple to
the right end of feed section 225 through the dielectric material of planar dielectric 105.
Primary impedance matching element 135, therefore, electrically couples across gap G1 (FIG.
3) between the two separate sections of feed section 225 of antenna conductor layout 120. In
one exemplary implementation, length 2¢ may be 0.500 inches and width 2d may be 0.050
inches. The length 2¢ of primary impedance matching element 135 may be selected so as to

adjust the impedance of folded dipole antenna structure 100.

[0041] FIG. 5 depicts a plot 500 of Voltage Standing Wave Ratio (VSWR) versus frequency
for the exemplary implementation of the folded dipole antenna structure 100 described herein.
The x-axis of the plot 500 includes frequency, ranging from 500 MegaHertz (MHz) to 2.5
GigaHertz (GHz). The y-axis of the plot 500 includes VSWR, ranging from 1.00 to 11.00.
As is understood in the art, for a transmitter to deliver power to an antenna, or receive power
from the antenna, the impedance of the transmitter/receiver and the transmission line must be
well matched to the antenna’s impedance. The VSWR parameter of an antenna numerically
measures how well the antenna is impedance matched to the transmitter/receiver. The smaller
an antenna’s VSWR is, the better the antenna is matched to the transmitter/receiver and the
transmission line, and the more power is delivered to/from the antenna. The minimum VSWR
of an antenna is 1.0, at which no power is reflected from the antenna. Bandwidth

requirements of antennas are typically expressed in terms of VSWR. For example, an antenna

—16-—
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for a particular application x may need to operate from 1.0 GHz to 1.3GHz with a VSWR less

than 3.0.

[0042] In the plot 500 of FIG. 5, the plotted VSWR indicates that the exemplary
implementation of the folded dipole antenna structure 100 described herein has at least two
separate frequency bands at which the VSWR is 2.0 or lower. The first frequency band
(frequency band 1) spans from the lower frequency of 809.9 MHz at the number “1” 505 to
the higher frequency of 1.09 GHz at the number “2” 510. The second frequency band
(frequency band 2) spans from the lower frequency of 1.491 GHz at “3” 515 to the higher
frequency of 1.61 GHz at “4” 520. The first frequency band could be used for primary
communications, and the second frequency band could be used for secondary
communications. The antenna’s impedance 1is, therefore, well matched to the
transmitter/receiver and the transmission line within frequency band 1 and frequency band 2
shown in FIG. 5. One skilled in the art will recognize, however, that the frequency bands
depicted in FIG. 5 may be changed based on changing the dimensions of the antenna structure
100, such as changing lengths of 1a, 15, 1c, 1d, and/or 2a of the antenna conductor layout
120. For example, the dimensions of the antenna structure 100 may be modified such that the
second frequency band could be used for Bluetooth™ communications (e.g., spanning a range

from 2.400 —2.485 GHz).

[0043] The foregoing description of implementations provides illustration and description, but
is not intended to be exhaustive or to limit the invention to the precise form disclosed.
Modifications and variations are possible in light of the above teachings or may be acquired

from practice of the invention. For example, various antenna patterns have been shown and
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various exemplary dimensions have been provided. It should be understood that different
patterns and/or dimensions may be used than those described herein. Various dimensions
associated with antenna conductor layout 120, planar dielectric 105, feed line conductor 125,
frequency tuning element 130, and impedance matching elements 135 and 140 have been
provided herein. It should be understood that different dimensions of the conductor elements
and the dielectric, such as different lengths, widths, thicknesses, etc., may be used than those
described herein. The resonant frequencies, and antenna impedance, of antenna structure 100
may be adjusted based on varying the relative lengths, widths, and/or thickness of the antenna

components described herein.

[0044] Certain features described above may be implemented as “logic” or a “unit” that
performs one or more functions. This logic or unit may include hardware, such as one or
more processors, microprocessors, application specific integrated circuits, or field

programmable gate arrays, software, or a combination of hardware and software.

[0045] No element, act or instruction used in the description of the present application should
be construed as critical or essential to the invention unless explicitly described as such. Also,
as used herein, the article "a" is intended to include one or more items. Further, the phrase

“based on” is intended to mean “based, at least in part, on” unless explicitly stated otherwise.

[0046] In the preceding specification, various preferred embodiments have been described
with reference to the accompanying drawings. It will, however, be evident that various
modifications and changes may be made thereto, and additional embodiments may be

implemented, without departing from the broader scope of the invention as set forth in the
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claims that follow. The specification and drawings are accordingly to be regarded in an

illustrative rather than restrictive sense.
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WHAT IS CLAIMED IS:
1. An antenna, comprising;:
a first folded dipole (200);
a second folded dipole (205) connected in parallel to the first folded dipole (200); and
a conductor (130) that extends across an interior gap (G3) within the first folded dipole
(200) and the second folded dipole (205) to electrically couple a first central section of an
outer non-feed arm (315-1) of the first folded dipole (200) to a second central section of an

outer non-feed arm (315-2) of the second folded dipole (205).

2. The antenna of claim 1, wherein a length of the conductor (130) determines a primary

frequency of the antenna.

3. The antenna of claim 1, wherein a first end of the conductor (130) couples to a first
dipole stub (235-1) of the first folded dipole (200) and a second end of the conductor (130)

couples to a second dipole stub (235-2) of the second folded dipole (205).

4. The antenna of claim 3, further comprising:

a planar dielectric (105), wherein the first folded dipole (200) and the second folded

dipole (205) are formed on a first side (110) of the planar dielectric (105) and wherein the

conductor (130) is formed on a second side (115) of the planar dielectric (105).
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5. The antenna of claim 4, wherein the first end of the conductor (130) capacitively
couples to the first dipole stub (235-1) across the planar dielectric (105) and wherein the
second end of the conductor (130) capacitively couples to the second dipole stub (235-2)

across the planar dielectric (105).

6. The antenna of claim 1, wherein the first folded dipole (200) includes a first feed arm
(310-1) and the outer non-feed arm (315-1), and wherein a first dipole stub (235-1) connects
to the first central section of the outer non-feed arm (315-1), and

wherein the second folded dipole (205) includes a second feed arm (310-2) and the
outer non-feed arm (315-2) and wherein a second dipole stub (235-2) connects to the second
central section of the second non-feed arm (315-2),

wherein the conductor (130) electrically couples to the first central section of the outer
non-feed arm (315-1) of the first folded dipole (200) via the first dipole stub (235-1) and to the
second central section of the outer non-feed arm (315-2) of the second folded dipole (200) via

the second dipole stub (235-2).

7. The antenna of claim 4, further comprising:

a feed conductor line (125), formed on the second side (115) of the planar dielectric

(105), that connects to a feed section (225) of the first and second folded dipoles.

8. The antenna of claim 7, further comprising:
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an impedance matching element (140) formed at a location along a length of the feed

conductor line (125).

9. The antenna of claim 4 further comprising:
an impedance matching element (135), formed on the second side (115) of the planar
dielectric (105), that electrically couples to a feed section (225) of the first and second folded

dipoles.

10.  The antenna of claim 1, further comprising:

a third folded dipole (245) formed within the first folded dipole (200) and a fourth
dipole (250) formed within the second folded dipole (205) due to the conductor electrically
coupling to the first central section of the outer non-feed arm (315-1) of the first folded dipole
(200) and to the second central section of the outer non-feed arm (315-2) of the second folded

dipole (205).

11.  An antenna structure, comprising:

a dielectric (105);

a conductor layout (120) formed on the dielectric, wherein the conductor layout (120)
forms a first folded dipole (200) coupled in parallel to a second folded dipole (205);

a feed line conductor (125) formed on the dielectric (105);

a first conductor (130), formed on the dielectric (105) across a length of the conductor

layout (120) across an interior gap (G3) within the first folded dipole (200) and the second
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folded dipole (205) to electrically couple a first central section of an outer non-feed arm (315-
1) of the first folded dipole (200) to a second central section of an outer non-feed arm (315-2)
of the second folded dipole (205); and

a second conductor (135) formed on the dielectric (105) across a first gap (G1)

between the first folded dipole (200) and the second folded dipole (205).

12.  The antenna structure of claim 11, wherein the second conductor (135) comprises an

impedance matching element for the antenna structure.

13.  The antenna structure of claim 11, wherein the dielectric (105) comprises a planar
dielectric (105), wherein the conductor layout (120) is formed on a first side (110) of the
planar dielectric (105), and wherein the feedline conductor (125), the first conductor (130),
and the second conductor (135) are formed on a second side (115) of the planar dielectric

(105) that is opposite to the first side (110).

14.  The antenna structure of claim 11, wherein a length of the first conductor (130)

determines a primary frequency of the antenna structure.

15.  The antenna structure of claim 11, further comprising:
a third folded dipole (245) formed within the first folded dipole (200) and a fourth
folded dipole (250) formed within the second folded dipole (205) due to the first conductor

(130) electrically coupling the first central section of the outer non-feed arm (315-1) of the
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first folded dipole (200) and the second central section of the outer non-feed arm (315-2) of

the second folded dipole (205).

16.  The antenna structure of claim 11, further comprising:
a third conductor (140) formed at a location along a length of the feed line conductor

(125).

17.  The antenna structure of claim 16, wherein the third conductor (140) comprises an

impedance matching element of the antenna structure.

18.  The antenna structure of claim 11, wherein the first folded dipole (200) includes a first
dipole stub (235-1) and the second folded dipole (205) includes a second dipole stub (235-2),
and wherein a first end of the first conductor (130) electrically couples to the first dipole stub
(235-1) and a second end of the first conductor (130) electrically couples to the second dipole

stub (235-2).

19.  The antenna structure of claim 11, wherein electrically coupling the first central
section of the outer non-feed arm (315-1) of the first folded dipole (200) to the second central
section of the outer non-feed arm (315-2) of the second folded dipole (205), via the first
conductor (130), electrically bisects the first folded dipole (200) and the second folded dipole

(205).
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20.  An antenna structure, comprising:

a planar dielectric (105);

a conductor layout (120) formed on a first side (110) of the planar dielectric (105),
wherein the conductor layout (120) forms a first folded dipole (200) connected in parallel to a
second folded dipole (205);

a feed line conductor (125) formed on a second side (115) of the planar dielectric
(105), opposite to the first side (110);

an impedance matching conductor (135) formed on the second side (115) of the planar
dielectric (105); and

a frequency tuning conductor (130) formed on the second side (115) of the planar
dielectric (105),

wherein the first folded dipole (200) includes a first dipole stub (235-1) connected to a
first central section of an outer non-feed arm (315-1) of the first folded dipole (200), wherein
the second folded dipole (205) includes a second dipole stub (235-2) connected to a second
central section of an outer non-feed arm (315-2) of the second folded dipole (205), and
wherein a first end of the frequency tuning conductor (130) capacitively couples to the first
dipole stub (235-1) through the planar dielectric (105) and a second end of the frequency
tuning conductor (130) capacitively couples to the second dipole stub (235-2) through the

planar dielectric (105).

-25-

Date Regue/Date Received 2021-03-17



1/5

Folded Dipole First Side
Antenna Structure 1 1,0
100 !
2‘ Via 2
< Antenna Conductor

a
Planar | secondanRE O keI T T
DleTlggtnc VoY IM Primary IM
P Conductor , o I Conductor
P 140 o> |l e 135
Y : ‘~.._:. | & b
Al Sl ar® oola
Feed Line ™
Conductor -
125 Qe -

Primary Frequency Tuning

Conductor
130
A
Secc;nd Side F I G . 1
115

CA 3057782 2019-10-03



2/5

Folded Dipole 3 120% FlG 2 A Folded Dipole 4
%45 Feed Section " 25:0
P 155 o
. ’ d
i ____Dipole Stub 1 Dipole Stub2 i
E""'; L2222 2351 5352 -WZ2222 2222 - :;Q-‘e
ctqc,_“ P Connector
Py Sleeve Center .
LN 7 (C)) 7 Conductor P
§ v e s —.____________ §
N ¥ é
beeeee Folded DIpOle PSR : i __________ Folded DlpOle 2‘““:
200 205

Secondary IM Conductor To Via 2
140 155
§ 115 :
Primary IM
Feed Line Cor;%usclor
Conducggr_.{)
125 rzzzzzn |
Primary
: Frequency
brrmmmmmeseesmmnoanes Tuning
Conductor
130

To Via 1 FIG. 2B

CA 3057782 2019-10-03



3/5

0 s FIG. 3
T S
.............. 1d/ 41d>$
R
o Fed“-‘ ,,,,,,,,,,,,,,,,, 16 oo , ................. 16 oo | r 1'4
fe // Tt ; 52 / 1:0
/ 1;/// //// )
VR %
1b.% / e i ¥ g /
----- % IS ‘h RU Vi
/
)
%

//

N
N

NN

CA 3057782 2019-10-03



4/5

To Via 2
155
w2 115 :
...... o N vg “f
7 2e
M7
¥, s
"140 v
®
135 -» PZZZ7Z7777772) 5
Yonosmrenannnne DCmevenevmnes N '
130 <-p>
Weremeemiemranmectnctonntnecesnresnerneasesaas P2/ DU
125> | g
............... ¢
To Via 1
145

FIG. 4

CA 3057782 2019-10-03



5/5

2

500 11.00
10.00
9.00
8.00 e~
7.00 | e
‘ J? “Mﬂ“a
AN ] “‘,"
SWR 6.00 i; “li ‘(t *
k ;
5.00 £ i*‘ ;
4.00 | i'f ‘ n':eg 2 5
- ] " (i n +
Freq ] 2
3.00 §)§<--Band 1“)5 l.;’ e )33
s . g‘: Y
2.00 L vl ! ;
o o ] w o v
% 1V W BN o
1.00 e : AR
500MHz 1.0GHz | 15GHz | 2.0GHz 2.5GHz
Fre SWR 505 510 515 520
1 809.90000 MHz  1.9867
2 1.0901700 GHz 1.9811 Frequency
3  1.4910800 GHz 19130
4 1.6106100 GHz 1.8670 FIG 5

CA 3057782 2019-10-03



Folded Dipole First Side
Antenna Structure 110

Primary IM
e CoONductor
135

FeedLine
Conductor " [0 0¥ Zx2 P PN .
125 e

Primary Frequency Tuning
Conductor
130

Second Side



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - CLAIMS
	Page 23 - CLAIMS
	Page 24 - CLAIMS
	Page 25 - CLAIMS
	Page 26 - CLAIMS
	Page 27 - CLAIMS
	Page 28 - DRAWINGS
	Page 29 - DRAWINGS
	Page 30 - DRAWINGS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - REPRESENTATIVE_DRAWING

