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(57) ABSTRACT

A dipole antenna is disclosed. The dipole antenna includes
a first arm, a second arm, and a first conductive plate. The
first conductive plate is placed inside one of the first arm or
the second arm. The first conductive plate creates a cavity
inside the one of the first arm or the second arm.
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INCREASING BANDWIDTH OF A DIPOLE
ANTENNA

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of priority from
pending U.S. Provisional Patent Application Ser. No.
62/723,491, filed on Aug. 28, 2018, and entitled “A SIMPLE
AND EFFECTIVE METHOD TO INCREASE DIPOLE
ANTENNA’S BANDWIDTH,” which is incorporated
herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure generally relates to anten-
nas, and particularly, to dipole antennas.

BACKGROUND

[0003] Dipole antennas are a type of wired antennas for
wireless communication systems that have specific charac-
teristics such as omnidirectional radiation patterns. Lengths
of conventional dipole antennas may be about half of
operating wavelengths. Designing dipole antennas with a
smaller size may reduce gain or bandwidth. Therefore,
designing a portable and small size dipole antenna in low-
frequency bands (such as VHF and UHF bands) may be
challenging due to large wavelengths corresponding to low-
frequency bands.

[0004] A problem of dipole antennas may be their rela-
tively narrow impedance bandwidth. Bandwidths of dipole
antennas may be made wider by increasing lengths or
diameters of dipole antennas. This approach may be unde-
sired because it may increase sizes of dipole antennas.
Besides, sizes of dipole antennas may have a limited effect
on bandwidth. Some loading techniques may be imple-
mented for an increase in dipole antennas bandwidths.
However, utilizing these techniques may increase complex-
ity, cost, and size of dipole antennas.

[0005] There is, therefore, a need for a method for increas-
ing bandwidth of dipole antennas without increasing sizes of
dipole antennas. There is further a need for a dipole antenna
that provides a wide bandwidth in low-frequency bands
without an increased size.

SUMMARY

[0006] This summary is intended to provide an overview
of the subject matter of the present disclosure and is not
intended to identify essential elements or key elements of
the subject matter, nor is it intended to be used to determine
the scope of the claimed implementations. The proper scope
of the present disclosure may be ascertained from the claims
set forth below in view of the detailed description below and
the drawings.

[0007] In one general aspect, the present disclosure
describes an exemplary dipole antenna. An exemplary
dipole antenna may include a first arm, a second arm, and a
first conductive plate. In an exemplary embodiment, the first
conductive plate may be placed inside one of the first arm or
the second arm. In an exemplary embodiment, the first
conductive plate may create a cavity inside the one of the
first arm or the second arm.

[0008] In an exemplary embodiment, the dipole antenna
may further include a coaxial feed line. In an exemplary
embodiment, the coaxial feed line may electrically feed the
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dipole antenna by passing through the first arm. In an
exemplary embodiment, the coaxial feed line may include a
conductive shield and a center core. In an exemplary
embodiment, the conductive shield may be in contact with
the first conductive plate. In an exemplary embodiment, the
conductive shield may pass through a hole on the first
conductive plate. In an exemplary embodiment, the center
core may be connected to an outer surface of the second arm.
[0009] In an exemplary embodiment, the first arm may
include a first cylindrical body and a second conductive
plate. In an exemplary embodiment, the second conductive
plate may be placed at a first circular boundary of the first
cylindrical body. In an exemplary embodiment, the second
conductive plate may be configured to be in contact with the
first cylindrical body. In an exemplary embodiment, the
second arm may include a second cylindrical body. In an
exemplary embodiment, the coaxial feed line may be con-
figured to pass through a second circular boundary of the
first cylindrical body.

[0010] In an exemplary embodiment, the conductive
shield may be connected to the second conductive plate. In
an exemplary embodiment, the center core may pass through
a hole on the second conductive plate. In an exemplary
embodiment, the center core may further pass through a
circular boundary of the second cylindrical body. In an
exemplary embodiment, the center core may be connected to
the first conductive plate.

[0011] In an exemplary embodiment, the dipole antenna
may further include a ferrite sleeve. In an exemplary
embodiment, the ferrite sleeve may be mounted around the
coaxial feed line. In an exemplary embodiment, the ferrite
sleeve may include a cylindrical ring. In an exemplary
embodiment, a distance between an inner surface of the
cylindrical ring and the coaxial feed line may be smaller than
about 2 mm. In an exemplary embodiment, the ferrite sleeve
may include an electrical impedance higher than about
100Q. In an exemplary embodiment, at least about 90% of
the ferrite sleeve may be disposed inside the first arm. In an
exemplary embodiment, a material of at least one of the first
arm and the second arm may include brass.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The drawing figures depict one or more implemen-
tations in accord with the present teachings, by way of
example only, not by way of limitation. In the figures, like
reference numerals refer to the same or similar elements.
[0013] FIG. 1A shows a schematic of a dipole antenna,
consistent with one or more exemplary embodiments of the
present disclosure.

[0014] FIG. 1B shows a schematic of a cut view of a
portion and a remaining of a first arm, consistent with one
or more exemplary embodiments of the present disclosure.
[0015] FIG. 1C shows a schematic of a cut view of a
dipole antenna with a cavity inside a first arm, consistent
with one or more exemplary embodiments of the present
disclosure.

[0016] FIG. 1D shows a schematic of a conductive shield
of a coaxial feed line passing through a hole on a conductive
plate, consistent with one or more exemplary embodiments
of the present disclosure.

[0017] FIG. 1E shows a schematic of a cut view of a
portion and a remaining of a second arm, consistent with one
or more exemplary embodiments of the present disclosure.
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[0018] FIG. 1F shows a schematic of a cut view of a dipole
antenna with a cavity inside a second arm, consistent with
one or more exemplary embodiments of the present disclo-
sure.

[0019] FIG. 1G shows a schematic of a center core of a
coaxial feed line passing through a hole on a conductive
plate, consistent with one or more exemplary embodiments
of the present disclosure.

[0020] FIG. 1H shows a schematic of a cut view of a first
arm of a dipole antenna, consistent with one or more
exemplary embodiments of the present disclosure.

[0021] FIG. 2A shows a flowchart of a method for increas-
ing bandwidth of a dipole antenna, consistent with one or
more exemplary embodiments of the present disclosure.
[0022] FIG. 2B shows a flowchart for connecting a coaxial
feed line to a dipole antenna with a cavity inside a first arm,
consistent with one or more exemplary embodiments of the
present disclosure.

[0023] FIG. 2C shows a flowchart for connecting a coaxial
feed line to a dipole antenna with a cavity inside a second
arm, consistent with one or more exemplary embodiments of
the present disclosure.

[0024] FIG. 3 shows variations of a voltage standing wave
ratio of a dipole antenna for different values of operating
frequencies, consistent with one or more exemplary embodi-
ments of the present disclosure.

[0025] FIG. 4 shows variations of a realized gain of a
dipole antenna for different values of operating frequencies,
consistent with one or more exemplary embodiments of the
present disclosure.

[0026] FIG. 5A shows a radiation pattern of a dipole
antenna at an operating frequency of 300 MHz, consistent
with one or more exemplary embodiments of the present
disclosure.

[0027] FIG. 5B shows a radiation pattern of a dipole
antenna at an operating frequency of 350 MHz, consistent
with one or more exemplary embodiments of the present
disclosure.

[0028] FIG. 5C shows a radiation pattern of a dipole
antenna at an operating frequency of 400 MHz, consistent
with one or more exemplary embodiments of the present
disclosure.

DETAILED DESCRIPTION

[0029] In the following detailed description, numerous
specific details are set forth by way of examples in order to
provide a thorough understanding of the relevant teachings.
However, it should be apparent that the present teachings
may be practiced without such details. In other instances,
well known methods, procedures, components, and/or cir-
cuitry have been described at a relatively high-level, without
detail, in order to avoid unnecessarily obscuring aspects of
the present teachings.

[0030] The following detailed description is presented to
enable a person skilled in the art to make and use the
methods and devices disclosed in exemplary embodiments
of the present disclosure. For purposes of explanation,
specific nomenclature is set forth to provide a thorough
understanding of the present disclosure. However, it will be
apparent to one skilled in the art that these specific details
are not required to practice the disclosed exemplary embodi-
ments. Descriptions of specific exemplary embodiments are
provided only as representative examples. Various modifi-
cations to the exemplary implementations will be readily
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apparent to one skilled in the art, and the general principles
defined herein may be applied to other implementations and
applications without departing from the scope of the present
disclosure. The present disclosure is not intended to be
limited to the implementations shown but is to be accorded
the widest possible scope consistent with the principles and
features disclosed herein.

[0031] Herein is disclosed an exemplary method and appa-
ratus for increasing bandwidth of a dipole antenna by
creating a cavity inside an arm of the dipole antenna. An
exemplary cavity may be created by placing a conductive
plate inside an arm of the antenna. A coaxial feed line may
electrically feed the dipole antenna by passing through
inside an arm of the antenna. The cavity may match the
impedance of the dipole antenna with that of the feed line,
thereby increasing the antenna’s bandwidth. As a result, the
antenna’s bandwidth may be increased without an increase
in the size of the antenna, since there may be no need for an
extra inductive or capacitive load for impedance matching.
An exemplary dipole antenna may be utilized in various
communication systems that require limited size antennas
with omnidirectional radiation patterns. Applications of such
systems may include radio broadcasting, especially in low-
frequency bands including VHF and UHF bands, military
applications, etc.

[0032] An exemplary dipole antenna may include a first
arm, a second arm, and a first conductive plate. In an
exemplary embodiment, the first conductive plate may be
placed inside one of the first arm or the second arm. In an
exemplary embodiment, the first conductive plate may cre-
ate a cavity inside the one of the first arm or the second arm.
[0033] FIG. 1A shows a schematic of a dipole antenna,
consistent with one or more exemplary embodiments of the
present disclosure. In an exemplary embodiment, a dipole
antenna 100 may include a first arm 102 and a second arm
104. In an exemplary embodiment, first arm 102 may
include a first cylindrical body 103. In an exemplary
embodiment, second arm 104 may include a second cylin-
drical body 105.

[0034] In an exemplary embodiment, an admittance may
be associated with dipole antenna 100. An exemplary admit-
tance may have a complex value including a real part (i.e.,
a conductance) and an imaginary part (i.e., a susceptance).
In an exemplary embodiment, dipole antenna 100 may be a
capacitive load when an associated susceptance is positive.
In an exemplary embodiment, dipole antenna 100 may be an
inductive load when the associated susceptance is negative.
The susceptance of dipole antenna 100 may depend on a
length of dipole antenna 100 and/or an operating wave-
length. The operating wavelength of dipole antenna 100 may
be associated with an operating frequency.

[0035] Inan exemplary embodiment, being a capacitive or
an inductive load may result in reducing a bandwidth of
dipole antenna 100. The bandwidth of dipole antenna 100
may be associated with a range of operating frequencies of
dipole antenna 100. In order to increase the bandwidth of
dipole antenna 100, the capacitive or inductive load of
dipole antenna 100 may be cancelled utilizing an additive
inductive or an additive capacitive load. When dipole
antenna 100 is capacitive, an additive inductive load may
cancel the susceptance of dipole antenna 100 On the other
hand, when dipole antenna 100 is inductive, an additive
capacitive load may cancel the susceptance of dipole
antenna 100.
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[0036] Inanexemplary embodiment, an additive inductive
or an additive capacitive load may be implemented by
including a cavity inside one of first arm 102 or second arm
104. An exemplary cavity may include a positive suscep-
tance (i.e., a capacitive load) or a negative susceptance (i.e.,
an inductive load). In an exemplary embodiment, the sus-
ceptance of the cavity may depend on a length and/or a
diameter of the cavity.

[0037] FIG. 1B shows a schematic of a cut view of a
portion and a remaining of a first arm, consistent with one
or more exemplary embodiments of the present disclosure.
FIG. 1C shows a schematic of a cut view of a dipole antenna
with a cavity inside a first arm, consistent with one or more
exemplary embodiments of the present disclosure. Referring
to FIGS. 1B and 1C, in an exemplary embodiment, a cavity
106 may include a portion 1071 of first arm 102. In an
exemplary embodiment, cavity 106 may further include a
first conductive plate 108. In an exemplary embodiment,
first conductive plate 108 may be placed inside first arm 102.
In an exemplary embodiment, first conductive plate 108 may
separate portion 1071 of first arm 102 from a remaining 1101
of first arm 102.

[0038] FIG. 1D shows a schematic of a conductive shield
of a coaxial feed line passing through a hole on a conductive
plate, consistent with one or more exemplary embodiments
of the present disclosure. Referring to FIGS. 1A-1D, in an
exemplary embodiment, dipole antenna 100 may further
include a coaxial feed line 112. In an exemplary embodi-
ment, coaxial feed line 112 may be configured to electrically
feed dipole antenna 100by passing through first arm 102. In
an exemplary embodiment, coaxial feed line 112 may
include a conductive shield 114 and a center core 116. In an
exemplary embodiment, conductive shield 114 may pass
through a hole 119 on first conductive plate 108. In an
exemplary embodiment, conductive shield 114 may be in
contact with first conductive plate 108. In an exemplary
embodiment, center core 116 may be connected to an outer
surface 118 of second arm 104. Passing conductive shield
114 through hole 119 may allow placing coaxial feed line
112 inside first arm 102 for electrically feeding dipole
antenna 100, which may eliminate a need for increasing the
size of dipole antenna 100.

[0039] FIG. 1E shows a schematic of a cut view of a
portion and a remaining of a second arm, consistent with one
or more exemplary embodiments of the present disclosure.
FIG. IF shows a schematic of a cut view of dipole antenna
100 with cavity 106 inside second arm 104, consistent with
one or more exemplary embodiments of the present disclo-
sure. Referring to FIGS. 1E and 1F, in an exemplary
embodiment, a cavity 106 may include a portion 1072 of
second arm 104. In an exemplary embodiment, cavity 106
may further include a first conductive plate 108. In an
exemplary embodiment, first conductive plate 108 may be
placed inside second arm 104. In an exemplary embodiment,
first conductive plate 108 may separate portion 1072 of
second arm 104 from a remaining 1102 of second arm 104.

[0040] Referring again to FIG. 1F, in an exemplary
embodiment, first arm 102may further include a second
conductive plate 120. In an exemplary embodiment, second
conductive plate 120 may be placed at a first circular
boundary 122 of first cylindrical body 103. In an exemplary
embodiment, second conductive plate 120 may be be in
contact with first cylindrical body 103. In an exemplary
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embodiment, coaxial feed line 112 may be configured to
pass through a second circular boundary 124 of first cylin-
drical body 103.

[0041] FIG. 1G shows a schematic of a center core of a
coaxial feed line passing through a hole on a conductive
plate, consistent with one or more exemplary embodiments
of the present disclosure. Referring to FIGs. IF and 1G, in
an exemplary embodiment, conductive shield 114 may be
connected to second conductive plate 120. In an exemplary
embodiment, center core 116 may pass through a hole 126
on second conductive plate 120. In an exemplary embodi-
ment, center core 116 may further pass through a circular
boundary 128 of second cylindrical body 105. In an exem-
plary embodiment, center core 116 may be further connected
to first conductive plate 108.

[0042] In an exemplary embodiment, electrically feeding
dipole antenna 100 may lead to a radiation by first arm 102.
In an exemplary embodiment, the radiation of first arm 102
may induce a surface current on coaxial feed line 112, since
coaxial feed line 112 may pass through first arm 102. In an
exemplary embodiment, the surface current may radiate
with an undesired radiation pattern. In an exemplary
embodiment, the undesired radiation pattern of the surface
current may deteriorate a desired radiation pattern as well as
a gain of dipole antenna 100. In an exemplary embodiment,
in order to reduce the impact of the radiation of the surface
current, a ferrite sleeve may be utilized.

[0043] FIG. 1H shows a schematic of a cut view of first
arm 102 of dipole antenna 100, consistent with one or more
exemplary embodiments of the present disclosure. In an
exemplary embodiment, dipole antenna 100 may include a
ferrite sleeve 130. In an exemplary embodiment, ferrite
sleeve 130 may be mounted around coaxial feed line 112. In
an exemplary embodiment, utilizing ferrite sleeve 130 may
reduce the impact of the radiation of the surface current on
coaxial feed line 112 due to a high permeability of ferrite
sleeve 130. The permeability of ferrite sleeve 130 may
depend on an operating wavelength of dipole antenna 100.
In an exemplary embodiment, ferrite sleeve 130 may include
a cylindrical ring which may have a distance 132 between an
inner surface of the cylindrical ring and coaxial feed line
112. In an exemplary embodiment, the value of distance 132
may affect the ability of ferrite sleeve 130 in reducing the
impact of the radiation of surface current on coaxial feed line
112. In an exemplary embodiment, distance 132 may be
smaller than about 2 mm. In an exemplary embodiment,
ferrite sleeve 130 may have an electrical impedance higher
than about 100€2. In an exemplary embodiment, a location
of ferrite sleeve 130 in first arm 102 may affect the ability
of ferrite sleeve 130 in reducing the impact of the radiation
of surface current on coaxial feed line 112. In an exemplary
embodiment, determining the location of ferrite sleeve 130
may be performed by computer simulation. In an exemplary
embodiment, the location of ferrite sleeve 130 may vary
through inside and outside of first arm 102 and resulting
bandwidth associated with each location may be obtained. In
an exemplary embodiment, an optimal location of ferrite
sleeve 130 may be determined by selecting a location
associated with a maximum achieved bandwidth. In an
exemplary embodiment, a portion 134 of ferrite sleeve 130
may be disposed inside first arm 102. In other words, in an
exemplary embodiment, portion 134 may be located at a left
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side of second circular boundary 124 in FIG. 1F. In an
exemplary embodiment, portion 134 may be at least about
90% of ferrite sleeve 130.

[0044] Referring again to FIGS. 1A and 1C, in an exem-
plary embodiment, a length 1. of cavity 106, a length 1, of
dipole antenna 100, and a radius r of first circular boundary
122 may satisfy a set of conditions according to the follow-
ing:

0.027=1,=0.05x, Inequation (la)

0.350=1,<0.48, Inequation (1b)

0.03h=r=0.07x, Inequation (1c)

where A is an operating wavelength of dipole antenna 100.
In an exemplary embodiment, dipole antenna 100 may have
various operating wavelengths. In an exemplary embodi-
ment, a value of A may be associated with a center operating
wavelength of dipole antenna 100 The center operating
wavelength of dipole antenna 100 may be associated with a
center operating frequency of dipole antenna 100.

[0045] Referring again to FIG. 1A, in an exemplary
embodiment, dipole antenna 100 may include an air gap 136
between first arm 102 and second arm 104. In an exemplary
embodiment, air gap 136 may be filled with a dielectric
material including a dielectric constant similar to free space.
In an exemplary embodiment, a material of first arm 102 and
second arm 104 may include a conductive material. In an
exemplary embodiment, a material of at least one of first arm
102 and second arm 104 may include brass. FIG. 2A shows
a flowchart of a method for increasing bandwidth of a dipole
antenna, consistent with one or more exemplary embodi-
ments of the present disclosure. Referring to FIGS. 1A-2A,
in an exemplary embodiment, different steps of a method
200 may be implemented utilizing a dipole antenna analo-
gous to dipole antenna 100. In an exemplary embodiment,
the dipole antenna may include a first arm and a second arm.
In an exemplary embodiment, the first arm may be analo-
gous to first arm 102. In an exemplary embodiment, the
second arm may be analogous to second arm 104. In an
exemplary embodiment, method 200 may include creating a
cavity inside one of the first arm or the second arm by
placing a first conductive plate inside the one of the first arm
or the second arm. (step 202). In an exemplary embodiment,
the cavity may be analogous to cavity 106. In an exemplary
embodiment, the first conductive plate may be analogous to
first conductive plate 108. In an exemplary embodiment,
when a first conductive plate is placed inside the first arm,
a portion of the first arm may be separated from a remaining
of'the first arm. In an exemplary embodiment, the portion of
the first arm may be analogous to portion 1071 of first arm
102. In an exemplary embodiment, the remaining of the first
arm may be analogous to remaining 1101 of the first arm
102. In an exemplary embodiment, when a first conductive
plate is placed inside the second arm, a portion of the second
arm may be separated from a remaining of the second arm.
In an exemplary embodiment, the portion of the second arm
may be analogous to portion 1072 of second arm 104. In an
exemplary embodiment, the remaining of the second arm
may be analogous to remaining 1102 of the second arm 104.
[0046] In an exemplary embodiment, method 200 may
further include electrically feeding the dipole antenna by
connecting a coaxial feed line to the dipole antenna through
the first arm (step 204). In an exemplary embodiment, the
coaxial feed line may be analogous to coaxial feed line 112.
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[0047] For further detail with respect to step 204, FIG. 2B
shows a flowchart for connecting a coaxial feed line to a
dipole antenna with a cavity inside a first arm, consistent
with one or more exemplary embodiments of the present
disclosure. An exemplary connecting method 204A may be
utilized for electrically feeding the dipole antenna when a
cavity is created inside the first arm. In an exemplary
embodiment, connecting method 204A may include con-
necting a conductive shield of the coaxial feed line to the
first conductive plate by passing the conductive shield
through a hole on the first conductive plate (step 20402) and
connecting a center core of the coaxial feed line to an outer
surface of the second arm (step 20404). In an exemplary
embodiment, the conductive shield may be analogous to
conductive shield 114. In an exemplary embodiment, the
center core may be analogous to center core 116. In an
exemplary embodiment, the hole on the first conductive
plate may be analogous to hole 119. In an exemplary
embodiment, outer surface of the second arm may be
analogous to outer surface 118 of second arm 104.

[0048] For further detail with respect to step 204, FIG. 2C
shows a flowchart for connecting a coaxial feed line to a
dipole antenna with a cavity inside a second arm, consistent
with one or more exemplary embodiments of the present
disclosure. An exemplary connecting method 204B may be
utilized for electrically feeding the dipole antenna when a
cavity is created inside the second arm. In an exemplary
embodiment, method 204B may include placing a second
conductive plate at a first circular boundary of a first
cylindrical body of the first arm (step 20406), connecting the
second conductive plate to the first cylindrical body (step
20408), passing the coaxial feed line through a second
circular boundary of the first cylindrical body (step 20410),
connecting a conductive shield of the coaxial feed line to the
second conductive plate (step 20412), passing a center core
of the coaxial feed line through a hole on the second
conductive plate (step 20414), and connecting the center
core to the first conductive plate (step 20416). In an exem-
plary embodiment, the second conductive plate may be
analogous to second conductive plate 120. In an exemplary
embodiment, the first circular boundary of the first cylin-
drical body may be analogous to first circular boundary 122.
In an exemplary embodiment, the second circular boundary
of the first cylindrical body may be analogous to second
circular boundary 124 of first cylindrical body 103. In an
exemplary embodiment, the hole on the second conductive
plate may be analogous to hole 126.

[0049] For further detail with respect to step 20406, refer-
ring again to FIGS. 1A and 1F, in an exemplary embodiment,
the first arm may include a second conductive plate. In an
exemplary embodiment, the second conductive plate may be
placed at the first circular boundary of the first cylindrical
body. In an exemplary embodiment, the first circular bound-
ary of the first cylindrical body may be analogous to first
circular boundary 122 of first cylindrical body 103.

[0050] For further detail with respect to step 20408, in an
exemplary embodiment, the second conductive plate may be
in contact with the first cylindrical body. For further detail
with respect to step 20410, in an exemplary embodiment, the
conductive shield may be connected to the second conduc-
tive plate. In an exemplary embodiment, the conductive
shield may be analogous to conductive shield 114.

[0051] For further detail with respect to step 20412, in an
exemplary embodiment, the conductive shield may be con-
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nected to the second conductive plate. For further detail with
respect to step 20414, in an exemplary embodiment, the
center core may pass through the hole on the second
conductive plate. In an exemplary embodiment, the center
core may be analogous to center core 116.

[0052] For further detail with respect to step 20416, refer-
ring again to FIGS. 1A and 1F, in an exemplary embodiment,
the center core may further pass through a circular boundary
of second cylindrical body. In an exemplary embodiment,
the center core may be connected to first conductive plate.
In an exemplary embodiment, the circular boundary of the
second cylindrical body may be analogous to circular
boundary 128 of second cylindrical body 105. In an exem-
plary embodiment, the first conductive plate may be analo-
gous to first conductive plate 108.

[0053] Referring again to FIG. 2A, in an exemplary
embodiment, method 200 may further include mounting a
cylindrical ferrite sleeve around the coaxial feed line (step
206). In an exemplary embodiment, the cylindrical ferrite
sleeve may be analogous to ferrite sleeve 130.

[0054] In an exemplary embodiment, method 200 may
further include determining a length of the cavity, a length
of the dipole antenna, and a radius of the first circular
boundary (step 208). In an exemplary embodiment, the
length of the cavity, the length of the dipole antenna, and the
radius of the first circular boundary may satisfy a set of
conditions similar to those of Inequations (1a)-(1c). In an
exemplary embodiment, determining the length of the cav-
ity, the length of the dipole antenna, and the radius of the first
circular boundary may be performed by computer simula-
tion. In an exemplary embodiment, the length of the cavity,
the length of the dipole antenna, and the radius of the first
circular boundary may vary and resulting bandwidth asso-
ciated with each length and/or radius may be obtained. In an
exemplary embodiment, an optimal length of the cavity, an
optimal length of the dipole antenna, and an optimal radius
of'the first circular boundary may be determined by selecting
lengths and/or radius associated with a maximum achieved
bandwidth.

EXAMPLE

[0055] In this example, a dipole antenna including a first
arm and a second arm with a cavity inside the first arm is
demonstrated. An exemplary dipole antenna (analogous to
dipole antenna 100) includes a first arm (analogous to first
arm 102) and the second arm (analogous to second arm 104).
The dipole antenna is designed for a desired band of 300
MHz to 400 MHz. The first arm and the second arm of the
dipole antenna have a cylindrical body with a radius of about
25 mm. The first arm includes a cavity (analogous to cavity
106) that has a length about 25 mm and a remaining of the
first arm (analogous to remaining 1101 of first arm 102
having a length about 140 mm. The total length of the first
arm is about 165 mm. The second arm of the dipole antenna
has a length of about 195 mm. The first arm and the second
arm are spaced by an air gap (analogous to air gap 136)
having a length about 7 mm. The total length of the antenna
is about 367 mm which is about 0.367 of a maximum
operating wavelength of the dipole antenna.

[0056] The dipole antenna is electrically fed by connecting
a coaxial feed line (analogous to coaxial feed line 112) to the
dipole antenna through the first arm. The feeding of the
dipole antenna includes connecting a conductive shield
(analogous to conductive shield 114) of the coaxial feed line
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to a first conductive plate (analogous to first conductive plate
108) by passing the conductive shield through a hole on the
first conductive plate, and connecting a center core (analo-
gous to center core 116) of the coaxial feed line to an outer
surface of the second arm (analogous to outer surface 118 of
second arm 104). The impedance of the coaxial feed line is
about 50 ohms.

[0057] In this example, a cylindrical ferrite sleeve (analo-
gous to ferrite sleeve 130) is mounted around the coaxial
feed line having a permeability of about 60 H. Moreover, the
ferrite sleeve has an inner radius of about 10 mm, an outer
radius of about 28 mm, and a length of about 12 mm.
[0058] In order to evaluate the performance of the dipole
antenna, the variations of a voltage standing wave ratio
(VSWR) for different values of operating frequencies are
measured. The measurements are performed by an N5230A
network analyzer. FIG. 3 shows variations of the VSWR of
the dipole antenna for different values of operating frequen-
cies, consistent with one or more exemplary embodiments of
the present disclosure. As shown in FIG. 3, the value of a
voltage standing wave ratio 302 varies for different operat-
ing frequencies in a range of about 250 MHz to about 450
MHz. The bandwidth of the dipole antenna includes a range
of operating frequencies with the associated VSWR less
than about 2. Therefore, the bandwidth of the dipole antenna
includes about 290 MHz to about 440 MHz.

[0059] A realized gain and a radiation pattern of the dipole
antenna for different values of operating frequencies are
measured as well. The measurements are performed in a full
anechoic chamber based on a 7-meter standard. FIG. 4
shows variations of the realized gain of the dipole antenna
for different values of operating frequencies, consistent with
one or more exemplary embodiments of the present disclo-
sure. A realized gain 402 of the dipole antenna is measured
within an omnidirectional solid angle around the antenna
with an about 30 degrees elevation range. As shown in FIG.
4, the minimum value of realized gain 402 in the desired
band (about 300 MHz to about 400 MHz) is above about 1.5
dB.

[0060] The radiation pattern of the dipole antenna is
simulated and measured at three different operating frequen-
cies in the desired band to show that the radiation pattern of
the dipole antenna remains omnidirectional throughout the
desired band. FIG. 5A shows the radiation pattern of the
dipole antenna at an operating frequency of about 300 MHz,
consistent with one or more exemplary embodiments of the
present disclosure. As FIG. 5A shows, a simulated radiation
pattern 502 and a measured radiation pattern 504 are omni-
directional at the operating frequency of about 300 MHz.
FIG. 5B shows the radiation pattern of the dipole antenna at
an operating frequency of about 350 MHz, consistent with
one or more exemplary embodiments of the present disclo-
sure. As FIG. 5B shows, a simulated radiation pattern 506
and a measured radiation pattern 508 are omnidirectional at
the operating frequency of about 350 MHz. FIG. 5C shows
the radiation pattern of the dipole antenna at an operating
frequency of about 400 MHz, consistent with one or more
exemplary embodiments of the present disclosure. As FIG.
5C shows, a simulated radiation pattern 510 and a measured
radiation pattern 512 are omnidirectional at the operating
frequency of about 400 MHz.

[0061] While the foregoing has described what may be
considered to be the best mode and/or other examples, it is
understood that various modifications may be made therein
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and that the subject matter disclosed herein may be imple-
mented in various forms and examples, and that the teach-
ings may be applied in numerous applications, only some of
which have been described herein. It is intended by the
following claims to claim any and all applications, modifi-
cations and variations that fall within the true scope of the
present teachings.

[0062] Unless otherwise stated, all measurements, values,
ratings, positions, magnitudes, sizes, and other specifica-
tions that are set forth in this specification, including in the
claims that follow, are approximate, not exact. They are
intended to have a reasonable range that is consistent with
the functions to which they relate and with what is custom-
ary in the art to which they pertain.

[0063] The scope of protection is limited solely by the
claims that now follow. That scope is intended and should be
interpreted to be as broad as is consistent with the ordinary
meaning of the language that is used in the claims when
interpreted in light of this specification and the prosecution
history that follows and to encompass all structural and
functional equivalents. Notwithstanding, none of the claims
are intended to embrace subject matter that fails to satisfy
the requirement of Sections 101, 102, or 103 of the Patent
Act, nor should they be interpreted in such a way. Any
unintended embracement of such subject matter is hereby
disclaimed.

[0064] Except as stated immediately above, nothing that
has been stated or illustrated is intended or should be
interpreted to cause a dedication of any component, step,
feature, object, benefit, advantage, or equivalent to the
public, regardless of whether it is or is not recited in the
claims.

[0065] It will be understood that the terms and expressions
used herein have the ordinary meaning as is accorded to such
terms and expressions with respect to their corresponding
respective areas of inquiry and study except where specific
meanings have otherwise been set forth herein. Relational
terms such as first and second and the like may be used
solely to distinguish one entity or action from another
without necessarily requiring or implying any actual such
relationship or order between such entities or actions. The
terms “comprises,” “comprising,” or any other variation
thereof, are intended to cover a non-exclusive inclusion,
such that a process, method, article, or apparatus that com-
prises a list of elements does not include only those elements
but may include other elements not expressly listed or
inherent to such process, method, article, or apparatus. An
element proceeded by “a” or “an” does not, without further
constraints, preclude the existence of additional identical
elements in the process, method, article, or apparatus that
comprises the element.

[0066] The Abstract of the Disclosure is provided to allow
the reader to quickly ascertain the nature of the technical
disclosure. It is submitted with the understanding that it will
not be used to interpret or limit the scope or meaning of the
claims. In addition, in the foregoing Detailed Description, it
can be seen that various features are grouped together in
various implementations. This is for purposes of streamlin-
ing the disclosure, and is not to be interpreted as reflecting
an intention that the claimed implementations require more
features than are expressly recited in each claim. Rather, as
the following claims reflect, inventive subject matter lies in
less than all features of a single disclosed implementation.
Thus, the following claims are hereby incorporated into the
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Detailed Description, with each claim standing on its own as
a separately claimed subject matter.

[0067] While various implementations have been
described, the description is intended to be exemplary, rather
than limiting and it will be apparent to those of ordinary skill
in the art that many more implementations and implemen-
tations are possible that are within the scope of the imple-
mentations. Although many possible combinations of fea-
tures are shown in the accompanying figures and discussed
in this detailed description, many other combinations of the
disclosed features are possible. Any feature of any imple-
mentation may be used in combination with or substituted
for any other feature or element in any other implementation
unless specifically restricted. Therefore, it will be under-
stood that any of the features shown and/or discussed in the
present disclosure may be implemented together in any
suitable combination. Accordingly, the implementations are
not to be restricted except in light of the attached claims and
their equivalents. Also, various modifications and changes
may be made within the scope of the attached claims.

What is claimed is:

1. A dipole antenna, comprising:

a first arm comprising a first cylindrical body;

a second arm comprising a second cylindrical body;

a first conductive plate placed inside the first arm, the first
conductive plate creating a cavity inside the first arm;

a coaxial feed line configured to electrically feed the
dipole antenna by passing through the first arm, the
coaxial feed line comprising:

a conductive shield in contact with the first conductive
plate and passing through a hole on the first conduc-
tive plate; and

a center core connected to an outer surface of the
second arm;

a ferrite sleeve comprising cylindrical ring mounted
around the coaxial feed line, at least 90% of the ferrite
sleeve disposed inside the first arm; and

an air gap between the first arm and the second arm.

2. The dipole antenna of claim 1, wherein a length 1 of the
cavity, a length 1, of the dipole antenna, and a radius r of the
first circular boundary satisfy a set of conditions according
to the following:

0.02251,20.05,
0.35—=l_=0.48),

0.032=r<0.07A,

where A is an operating wavelength of the dipole antenna.

3. A dipole antenna, comprising:

a first arm;

a second arm; and

a first conductive plate placed inside one of the first arm
or the second arm, the first conductive plate creating a
cavity inside the one of the first arm or the second arm.

4. The dipole antenna of claim 3, further comprising a

coaxial feed line configured to electrically feed the dipole
antenna by passing through the first arm.

5. The dipole antenna of claim 4, wherein the coaxial feed

line comprises:

a conductive shield in contact with the first conductive
plate and passing through a hole on the first conductive
plate; and

a center core connected to an outer surface of the second
arm.
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6. The dipole antenna of claim 4, wherein:
the first arm comprises:
a first cylindrical body; and
a second conductive plate placed at a first circular
boundary of the first cylindrical body, the second
conductive plate in contact with the first cylindrical
body;

the second arm comprises a second cylindrical body; and

the coaxial feed line passing through a second circular

boundary of the first cylindrical body.

7. The dipole antenna of claim 6, wherein the coaxial feed
line comprises:

a conductive shield connected to the second conductive

plate; and

a center core passing through a hole on the second

conductive plate, passing through a circular boundary
of the second cylindrical body, and connected to the
first conductive plate.

8. The dipole antenna of claim 4, further comprising a
ferrite sleeve mounted around the coaxial feed line.

9. The dipole antenna of claim 8, wherein the ferrite
sleeve comprises a cylindrical ring, a distance between an
inner surface of the cylindrical ring and the coaxial feed line
being smaller than 2 mm.

10. The dipole antenna of claim 8, wherein the ferrite
sleeve comprises an electrical impedance higher than 1002Q.

11. The dipole antenna of claim 8, wherein at least 90%
of the ferrite sleeve is disposed inside the first arm.

12. The dipole antenna of claim 3, wherein a length 1. of
the cavity, a length 1, of the dipole antenna, and a radius r of
the first circular boundary satisfy a set of conditions accord-
ing to the following:

0.02h=1,=0.05%,
0.35—=l_<0.48),

0.032=r=<0.07A,

where A is an operating wavelength of the dipole antenna.

13. The dipole antenna of claim 3, further comprising an
air gap between the first arm and the second arm.

14. The dipole antenna of claim 3, wherein a material of
at least one of the first arm and the second arm comprises
brass.

15. A method for increasing bandwidth of a dipole
antenna comprising a first arm and a second arm, the method
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comprising creating a cavity inside one of'the first arm or the
second arm by placing a first conductive plate inside the one
of the first arm or the second arm.
16. The method of claim 15, further comprising electri-
cally feeding the dipole antenna by connecting a coaxial
feed line to the dipole antenna through the first arm.
17. The method of claim 16, wherein connecting the
coaxial feed line to the dipole antenna comprises:
connecting a conductive shield of the coaxial feed line to
the first conductive plate by passing the conductive
shield through a hole on the first conductive plate; and

connecting a center core of the coaxial feed line to an
outer surface of the second arm.

18. The method of claim 16, wherein connecting the
coaxial feed line to the dipole antenna comprises:

placing a second conductive plate at a first circular

boundary of a first cylindrical body of the first arm;
connecting the second conductive plate to the first cylin-
drical body;

passing the coaxial feed line through a second circular

boundary of the first cylindrical body;

connecting a conductive shield of the coaxial feed line to

the second conductive plate;

passing a center core of the coaxial feed line through a

hole on the second conductive plate; and

connecting the center core to the first conductive plate.

19. The method of claim 16, further comprising mounting
a cylindrical ferrite sleeve comprising an electrical imped-
ance higher than 100Q around the coaxial feed line on a
distance smaller than 2 mm from the coaxial feed line by
placing at least 90% of the cylindrical ferrite sleeve inside
the first arm.

20. The method of claim 16, further comprising deter-
mining a length 1. of the cavity, a length 1, of the dipole
antenna, and a radius r of the first circular boundary accord-
ing a set of conditions defined by the following:

0.02h=1,=0.05%,
0.35—=l_=0.48),

0.032=r<0.07A,

where A is an operating wavelength of the dipole antenna.
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