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ABSTRACT
An antenna system is provided that can include a plurality of parasitic elements
connected to and extending from a ground plane, wherein each of the plurality of parasitic
elements can be oriented at a common pitch angle, wherein each of the plurality of parasitic
elements can be positioned at a uniform distance from a center of an antenna disposed on the
ground plane, and wherein a respective length of each of the plurality of parasitic elements, the
common pitch angle, and/or the uniform distance can be optimized so as to broaden a beamwidth

of a radiation pattern produced by the antenna.
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Parasitic Elements for Antenna Systems
FIELD
[0001] The present invention generally relates to radio frequency (RF) communications

hardware. More particularly, the present invention relates to antenna systems.

BACKGROUND
[0002] In many global navigation satellite system (“GNSS”) antenna applications, it is
beneficial for a radiation pattern of an antenna to have a broad beamwidth. In particular, it is
beneficial for the antenna to provide hemispheric coverage centered about the zenith and for a
gain of the antenna to be as high as possible near the horizon without significant gain loss at or
near the zenith while maintaining the gain as low as possible below the horizon.
[0003] However, known antenna systems that provide the above-identified features suffer
from several known drawbacks. For example, some known antenna systems provide the broad
beamwidth by employing an antenna element with a large height dimension that is not suitable
for applications requiring antennas with low physical profiles. Furthermore, other known antenna
systems require the use of resistors, capacitors, and/or inductors to create a loading circuit.
Regardless, all of these known antenna systems require a large volume or additional loading
components to implement and only broaden the beamwidth by a small degree.
[0004] In view of the above, there is a continuing, ongoing need for improved antenna

systems.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a perspective view of an antenna system according to disclosed
embodiments;
[0006] FIG. 2 is a perspective view of an antenna system according to disclosed
embodiments;
[0007] FIG. 3 is a perspective view of an antenna system according to disclosed
embodiments;
[0008] FIG. 4 is a perspective view of an antenna system according to disclosed
embodiments;
[0009] FIG. 5 is a perspective view of an antenna system according to disclosed

embodiments; and
[0010] FIG. 6 is a graph of a radiation pattern for an antenna system according to

disclosed embodiments.

DETAILED DESCRIPTION
[0011] While this invention is susceptible of an embodiment in many different forms,
there are shown in the drawings and will be described herein in detail specific embodiments
thereof with the understanding that the present disclosure is to be considered as an
exemplification of the principles of the invention. It is not intended to limit the invention to the
specific illustrated embodiments.
[0012] Embodiments disclosed herein can include an antenna system that can produce a

radiation pattern with a broad beamwidth, hemispheric coverage centered about the zenith, and a
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gain as high as possible near the horizon without significant gain loss at or near the zenith while
maintaining the gain as low as possible below the horizon.

[0013] In some embodiments, the antenna system disclosed herein can include a ground
plane, an antenna disposed on a top side of the ground plane and configured to produce a
radiation pattern, and a plurality of parasitic elements connected or coupled to and extending
from the top side of the ground plane and positioned around the antenna. For example, in some
embodiments, a respective proximate end of each of the plurality of parasitic elements can be
connected to the ground plane, and a respective distal end of each of the plurality of parasitic
elements can be displaced from the ground plane.

[0014] In some embodiments, each of the plurality of parasitic elements can be
positioned at a uniform distance from a center of the antenna, and in some embodiments, each of
the plurality of parasitic elements can be oriented at a common pitch angle relative to the ground
plane. However, in any embodiment, a respective length of each of the plurality of parasitic
elements, the common pitch angle, and/or the uniform distance can be optimized in order to
broaden a beamwidth of the radiation pattern. For example, in some embodiments, the uniform
distance can be equal to one quarter of a wavelength (A/4) of a frequency of the antenna.
Additionally or alternatively, in some embodiments, the respective length of each of the plurality
of parasitic elements can be between approximately 0.2 and approximately 0.25 times the
wavelength of the frequency of the antenna. Additionally or alternatively, in some embodiments,
the common pitch angle can be between approximately 35° and approximately 55°, and in some
embodiments, the common pitch angle can be approximately 45°.

[0015] In some embodiments, the plurality of parasitic elements can include any number

of elements as would be known by one of ordinary skill in the art, for example, between 6 and 16
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elements. Additionally or alternatively, in some embodiments, a respective top section of each of
the plurality of parasitic elements can be bent downwards or inwards towards the ground plane to
reduce a respective height of each of the plurality of parasitic elements relative to the ground
plane.

[0016] In some embodiments, the plurality parasitic elements can be shaped and oriented
in a manner that is appropriate for and/or complementary to a polarization of the antenna’s
radiation. For example, in embodiments in which the radiation is right hand circularly polarized
(RHCP), the plurality of parasitic elements can include helical-shaped elements, and the
respective distal end of each of the plurality of parasitic elements can extend in a counter-
clockwise direction relative to the respective proximate end of a respective one of the plurality of
parasitic elements. Alternatively, in embodiments in which the radiation is left hand circularly
polarized (LHCP), the plurality of parasitic elements can include helical-shaped elements, and
the respective distal end of each of the plurality of parasitic elements can extend in a clockwise
direction relative to the respective proximate end of the respective one of the plurality of
parasitic elements. However, embodiments disclosed herein are not so limited and can include
additional or alternative embodiments in which, for example, the plurality of parasitic elements
can be vertical and/or the plurality of parasitic elements can include non-curving, straight
elements.

[0017] FIG. 1 is a perspective view of an antenna system 20A according to disclosed
embodiments. As seen in FIG. 1, in some embodiments, the antenna system 20A can include a
ground plane 22, a patch antenna 22A disposed on a top side of the ground plane 22, and a
plurality of parasitic elements 24A connected or coupled to and extending from the top side of

the ground plane 22 such that a respective proximal end of each of the plurality of parasitic
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elements 24A can be connected to the ground plane 22 and a respective distal end of each of the
plurality of parasitic elements 24A can be displaced from the ground plane 22. As also seen in
FIG. 1, in some embodiments, the patch antenna 22A can be fed with four probes that are
assigned with a 90° degree phase progression and a same amplitude. It is to be understood that
the patch antenna 22A can be designed to be either LHCP or RHCP, but the patch antenna 22A
in FIG. 1 1s RHCP.

[0018] As seen in FIG. 1, in some embodiments, the plurality of parasitic elements 24A
can include metal wire elements that can be placed in an equidistant manner around the patch
antenna 22A at a uniform distance from a center of the patch antenna 22A and with a common
pitch angle relative to the ground plane 22. In particular, a respective length of each of the
plurality of parasitic elements 24A, the common pitch angle, and the uniform distance can be
optimized in order to broaden a beamwidth of a radiation pattern produced by the patch antenna
22A. For example, in embodiments in which the common pitch angle is 45°, the plurality of
parasitic elements 24A can divide the antenna’s 22 A radiation into two orthogonally crossed
electric fields: a first of the electric fields that is parallel to the plurality of parasitic elements
24A and a second of the electric fields that is perpendicular to the plurality of parasitic elements
24A. In these embodiments, each of the plurality of parasitic elements 24A can be excited by the
first of the electric fields that is parallel to the plurality of parasitic elements 24A. Furthermore,
when the distance between the center of the patch antenna 22A and each of the plurality of
parasitic elements 24A is /4 of a frequency of the patch antenna 22A, a reflection of the second
of the electric fields that is perpendicular to the plurality of parasitic elements 24A can be
canceled without an additional loading circuit to do so. As such, the above-identified interaction

between the plurality of parasitic elements 24A and the first of the electric fields that is parallel
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to the plurality of parasitic elements 24A can achieve a 90° phase difference between first and
second components of the radiation produced by the antenna system 20A, thereby establishing
circular polarization that is equivalent to a polarization of the patch antenna 22A.

[0019] Additional or alternative embodiments for both the antenna 22A and the plurality
of parasitic element 22A are contemplated. For example, FIG. 2, FIG. 3, FIG. 4, and FIG. 5 are
perspective views of antenna systems 20B, 20C, 20D, and 20E, respectively, according to
disclosed embodiments.

[0020] The antenna system 20B of FIG. 2 is similar to the antenna system 20A of FIG. 1
except that the plurality of parasitic elements 24A can be replaced with a plurality of parasitic
elements 24B, which can include copper strips embedded in a cylindrical printed circuit board. In
these embodiments, the antenna system 20B can also include a second printed circuit board on
top of the plurality of parasitic elements 24B, with top portions of the copper strips included in
the second printed circuit board.

[0021] Furthermore, the antenna system 20C of FIG. 3 is similar to the antenna system
20A of FIG, 1 and the antenna system 20D of FIG. 4 is similar to the antenna system 20B except
that the single patch antenna 22A can be replaced with a high band patch antenna 22B and a low
band patch antenna 22C. As in the above-identified embodiments, in these embodiments, the
respective length of each of the plurality of parasitic elements 24A and/or 24B, the common
pitch angle of each of the plurality of parasitic elements 24A and/or 24B, and/or the uniform
distance between centers of the high band patch antenna 22B and the low band patch antenna
22C can be optimized in order to broaden the beamwidth of one or both of the radiation pattern
produced by the low band patch antenna 22C and the radiation pattern produced by the high band

patch antenna 22B, albeit with balanced improvement in the beamwidth due a dual-band design.
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[0022] Further still, the antenna system 20E of FIG. 5 is similar to the antenna systems
20A, 20B, 20C, and 20D of FIG. 1, FIG. 2, FIG. 3, and FIG. 4, respectively, except that the
single patch antenna 22A, the high band patch antenna 22B, and/or the low band patch antenna
22C can be replaced with a circularly polarized crossed-dipole antenna 20D. Although not
illustrated, it is to be understood that the antenna systems 20A, 20B, 20C, 20D, and/or 20E could
include, additionally or alternatively, a monopole antenna, a helix antenna, or any other
geometry as would be known by one or ordinary skill in the art and can include a single band,
dual-band, or multi-band elements.

[0023] FIG. 6 is a graph of a radiation pattern 30 for the antenna system 20A, 20B, 20C,
20D, and/or 20E according to disclosed embodiments. As seen in FIG. 6, without the plurality of
parasitic elements 24A and/or 24B, the single patch antenna 22A, the high band patch antenna
22B, and/or the low band patch antenna 22C can produce a radiation pattern 32 with a 3dB
beamwidth at only 90°-100°. However, when the plurality of parasitic elements 24A and/or 24B
are used in connection with the single patch antenna 22A, the high band patch antenna 22B,
and/or the low band patch antenna 22C as disclosed herein, the antenna system 20A, 20B, 20C,
20D, and/or 20E can broaden the 3dB beamwidth to approximately 150°-160° and increase a
gain at low elevation angles close to the horizon 34 by approximately 2dB, thereby producing the
radiation pattern 30.

[0024] Although a few embodiments have been described in detail above, other
modifications are possible. For example, other components may be added to or removed from the
described systems, and other embodiments may be within the scope of the invention.

[0025] From the foregoing, it will be observed that numerous variations and

modifications may be effected without departing from the spirit and scope of the invention. It is
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to be understood that no limitation with respect to the specific system or method described herein
is intended or should be inferred. It is, of course, intended to cover all such modifications as fall

within the spirit and scope of the invention.
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What is claimed is:

1. An antenna system comprising:

a ground plane;

an antenna disposed on a top side of the ground plane and configured to produce a
radiation pattern; and

a plurality of parasitic elements connected to and extending from the top side of
the ground plane,

wherein a respective proximal end of each of the plurality of parasitic elements is
connected to the ground plane,

wherein a respective distal end of each of the plurality of parasitic elements is
displaced from the ground plane,

wherein each of the plurality of parasitic elements is positioned at a uniform
distance from a center of the antenna, the uniform distance being equal to approximately one
quarter of a wavelength (A/4) of a frequency of the antenna,

wherein each of the plurality of parasitic elements is oriented at a common pitch
angle relative to the ground plane, the common pitch angle being between approximately 35° and
approximately 55°, and

wherein a respective length of each of the plurality of parasitic elements, the
common pitch angle, and the uniform distance are optimized so as to broaden a beamwidth of the

radiation pattern.

2. The antenna system of claim 1 wherein a reflection of a portion of an electric field

of the antenna’s radiation that is perpendicular to the plurality of parasitic elements is canceled.
3. The antenna system of claim 1 wherein the common pitch angle is 45°.
4. The antenna system of claim 3 wherein the plurality of parasitic elements divide
the antenna’s radiation into a first electric field that is parallel to the plurality of parasitic

elements and a second electric field that is perpendicular to the plurality of parasitic elements,

and wherein each of the plurality of parasitic elements is excited by the first electric field.
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5. The antenna system of claim 1 wherein a respective length of each of the plurality
of parasitic elements is between approximately 0.2 and approximately 0.25 times a wavelength

of a frequency of the antenna.

6. The antenna system of claim 1 wherein the plurality of parasitic elements includes

metal wire elements.

7. The antenna system of claim 1 wherein the plurality of parasitic elements includes

copper strips embedded in a printed circuit board.

8. The antenna system of claim 1 wherein the plurality of parasitic elements includes

between 6 and 16 elements.

9. The antenna system of claim 1 wherein each the plurality of parasitic elements is

placed in an equidistant manner around the antenna.

10.  The antenna system of claim 1 wherein the antenna includes one or more patch
antennas.

11.  The antenna system of claim 1 wherein the antenna includes a crossed-dipole
antenna.

12.  The antenna system of claim 1 wherein the antenna includes one or more single

band elements.

13.  The antenna system of claim 1 wherein the antenna includes a dual-band element

or a multi-band element.

10
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14.  The antenna system of claim 1 wherein each of the plurality of parasitic elements
is shaped and oriented in a manner that is complementary to a polarization of the antenna’s

radiation.

15.  The antenna system of claim 14 wherein the radiation is circularly polarized, and

wherein the plurality of parasitic elements includes helical-shaped elements.

16.  The antenna system of claim 15 wherein the radiation is right hand circularly
polarized, and wherein the respective distal end of each of the plurality of parasitic elements
extends in a counter-clockwise direction relative to the respective proximate end of a respective

one of the plurality of parasitic elements.

17.  The antenna system of claim 15 wherein the radiation is left hand circularly
polarized, and wherein the respective distal end of each of the plurality of parasitic elements
extends in a clockwise direction relative to the respective proximate end of a respective one of

the plurality of parasitic elements.

18.  The antenna system of claim 1 wherein a respective top section of each of the

plurality of parasitic elements is bent down towards the ground plane.

11
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