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(57) ABSTRACT

An electrically conductive hexagonal patch element for a
patch antenna. The hexagonal patch element comprising a
hexagonal shape with a first angle and a second angle oppo-
site the first angle, a third angle and a fourth angle opposite the
third angle, a fifth angle and a sixth angle opposite the fifth
angle, the first, third, and fifth angles each measuring approxi-
mately 150 degrees and the second, forth, and sixth angles
each measuring approximately 90 degrees, wherein the first
angle is positioned in between the fourth angle and the sixth
angle.
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MICROSTRIP ANTENNA HAVING A
HEXAGONAL PATCH AND A METHOD OF
RADIATING ELECTROMAGNETIC ENERGY
OVER A WIDE PREDETERMINED
FREQUENCY RANGE

FIELD AND BACKGROUND OF THE
INVENTION

The present invention relates to a microstrip antenna and,
more particularly but not exclusively, to a microstrip antenna
having a hexagonal patch.

In its simplest form, a microstrip patch antenna consists of
a radiating patch positioned on a dielectric substrate which
overlays a ground plane. Microstrip patch antennas have been
used widely as microwave circuit elements such as transmis-
sion lines, filters, resonators, and antennas. The rapid minia-
turization of complex electronic circuits has vastly increased
the demand for small size antennas. Hand-held computers,
aerospace applications, mobile telephones, pagers and other
portable wireless equipment now comprise microstrip anten-
nas. The desirability of microstrip antennas results from their
structure, particularly in view of their compactness, conform-
ability, acrodynamic structure and general ease of fabrication.

A microstrip antenna which is used as an extension for a
microstrip transmission line radiates primarily due to the
fringing electromagnetic fields between the patch edge and
the ground plane. It is known that providing an antenna patch
which overlays a thick dielectric substrate having a low
dielectric constant improves the antenna performance since
this provides better efficiency, larger bandwidth and better
radiation. However, such a configuration leads to a larger
antenna size. In order to design a compact microstrip patch
antenna, higher dielectric constants have to be used, limiting
the antenna performance to a narrower bandwidth. Another
method to improve the antenna performance is to introduce
parasitic elements of varying size above and/or below the
driven element. The addition of parasitic elements stacked
above and/or below the driven element to increase the band-
width is less desirable in some cases because of the physical
structure that is required.

A known factor that influences the performance of an
antenna is the structural design of the patch. The commonly
known patches are generally made of a conducting material
such as copper or gold, which can be structured to form
different shapes. Known shapes for the radiating patch are
square, rectangular, circular, triangular, and elliptical shapes.
U.S. Pat. No. 6,664,926, issued on Dec. 16, 2003, discloses a
compact planar antenna wherein a radiating element in the
shape of a right triangle is formed on a substrate. A ground
plane may be positioned on one or both sides of the substrate.
In one embodiment, the radiating elements are positioned on
the substrate in groups of two or more in close proximity to
one another. In another embodiment, the radiating elements
are arranged in an array.

Another example of a microstrip antenna is disclosed in
U.S. Pat. No. 7,015,868, issued on Mar. 21, 2006. This patent
discloses an antenna in which the corresponding radiative
element contains at least one multilevel structure formed by a
set of similar geometric patch elements (polygons or polyhe-
drons) electromagnetically coupled and grouped such that
each ofthe basic component elements can be identified in the
structure of the antenna. The design is such that it provides
two important advantages: the antenna may operate simulta-
neously in several frequencies, and/or its size can be substan-
tially reduced.

20

25

40

45

60

65

2

However, both patents and other known structures for
patches of microstrip antenna do not provide optimum geo-
metrical structures that allow transmission at a wide range of
frequencies, while maintaining a high antenna gain level.

There is thus a widely recognized need for a compact
microstrip antenna having a patch with an optimum geometri-
cal structure which is easy to fabricate and is devoid of the
above limitations.

SUMMARY OF THE INVENTION

According to one aspect of the present invention there is
provided an electrically conductive hexagonal patch element
for a patch antenna. The hexagonal patch element comprising
a convex hexagonal shape with a first angle and a second
angle opposite the first angle, a third angle and a fourth angle
opposite the third angle, a fifth angle and a sixth angle oppo-
site the fifth angle, the first, third, and fifth angles each mea-
suring approximately 150 degrees and the second, forth, and
sixth angles each measuring approximately 90 degrees,
wherein the first angle is positioned in between the fourth
angle and the sixth angle.

Preferably, the sides of the hexagonal patch are approxi-
mately equal.

Preferably, the apexes of the angles are configured as at
least one of the following shapes: a rounded angle, an elon-
gated angle, an arched angle, a concave angle, and a truncated
angle.

More preferably, an oblong slot is formed within the hex-
agonal patch element.

Preferably, the angles may be set with deviations not
exceeding 5 percent.

According to another aspect of the present invention there
is provided a microstrip antenna having at least one electri-
cally conductive hexagonal patch element. The microstrip
antenna comprising: a first dielectric substrate having an
obverse and a reverse side, an electrically conductive ground
plane adapted to be coupled to the reverse side, at least one
electrically conductive hexagonal patch element adapted to
be coupled to the obverse side of the first dielectric substrate,
the electrically conductive hexagonal patch element having a
convex hexagonal shape with a first angle and a second angle
opposite the first angle, a third angle and a fourth angle
opposite the third angle, a fifth angle and a sixth angle oppo-
site the fifth angle, the first, third, and fifth angles each mea-
suring approximately 150 degrees and the second, forth, and
sixth angles each measuring approximately 90 degrees,
wherein the first angle is positioned in between the fourth
angle and the sixth angle, and a signal feed element.

Preferably, the sides of at least one electrically conductive
hexagonal patch are approximately equal.

Preferably, the microstrip antenna of claim further includes
a radio frequency power source coupled to the signal feed
element for causing the antenna element to emit an electro-
magnetic radiation energy pattern.

Preferably, the apexes of the angles are configured as at
least one of the following shapes: a rounded angle, an elon-
gated angle, an arched angle, a concave angle, and a truncated
angle.

More preferably, an oblong slot is formed within the at
least one electrically conductive hexagonal patch.

Preferably, the angles may be set with deviations not
exceeding 5 percent.

Preferably, the electrically conductive hexagonal patches
element having a surface area equal to the outcome of a
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function of a transmitted radiation wavelength of the micros-
trip antenna, and a dielectric permeability of the first dielec-
tric substrate to the radiation.

Preferably, the microstrip antenna further comprises a sec-
ond dielectric substrate.

More preferably, the second dielectric substrate is posi-
tioned in between the first dielectric substrate and the electri-
cally conductive ground plane, wherein a portion of the signal
feed element is positioned in between the first and second
dielectric substrates.

More preferably, the second dielectric substrate is coupled
to the bottom of the electrically conductive ground plane, the
electrically conductive ground plane having at least one aper-
ture, wherein a portion of the signal feed element is posi-
tioned in between the second dielectric substrate and the
electrically conductive ground plane.

Preferably, the signal feed element is directly connected to
the electrically conductive hexagonal patch element.

More preferably, the direct connection is done via the sec-
ond, forth, and sixth angles in case of direct polarization.

Preferably, the second angle is truncated to form an addi-
tional side, the additional side being parallel to the central
transverse axis of the at least one electrically conductive
hexagonal patch, the signal feed element is positioned paral-
lelly to the additional side.

Preferably, the signal feed element is used to elevate the at
least one electrically conductive hexagonal patch element.

Preferably, the at least one electrically conductive hexago-
nal patch element comprising at least two electrically con-
ductive hexagonal patch elements, the microstrip antenna
further comprising a patch connector, the patch connector
configured to interconnect between the at least two electri-
cally conductive hexagonal patch elements.

Preferably, the first dielectric substrate is fabricated of a
material of at least one of the following group: a cured fiber
reinforced resin epoxy glass fabric and Teflon fiber glass, IS
620, and Rogers material.

Preferably, the at least one electrically conductive hexago-
nal patch element is configured to be parallelly positioned
proximal to the obverse side of the dielectric substrate.

Preferably, the signal feed element is adapted to be con-
nected to a receiver.

Preferably, the signal feed element is adapted to be con-
nected to a transmitter.

According to another aspect of the present invention there
is provided a microstrip a method of radiating electromag-
netic energy over a wide predetermined frequency range. The
method comprising the steps of: feeding an antenna element
with transmission signals, the antenna element comprising: a
first dielectric substrate having an obverse and a reverse side,
an electrically conductive ground plane adapted to be coupled
to the reverse side, at least one electrically conductive hex-
agonal patch element adapted to be coupled to the obverse
side of the first dielectric substrate, the electrically conductive
hexagonal patch element having a convex hexagonal shape
with a first angle and a second angle opposite the first angle,
athird angle and a fourth angle opposite the third angle, a fifth
angle and a sixth angle opposite the fifth angle, the first, third,
and fifth angles each measuring approximately 150 degrees
and the second, forth, and sixth angles each measuring
approximately 90 degrees, wherein the first angle is posi-
tioned in between the fourth angle and the sixth angle, and a
signal feed element; and connecting the signal feed element
to a signal conveyor.

Preferably, the signal conveyor is a transmitter.

Preferably, the signal conveyor is a receiver.
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Preferably, the electrically conductive hexagonal patch
elements having a surface area equal to the outcome of a
function of a transmitted radiation wavelength of the antenna
element, and a dielectric permeability of the first dielectric
substrate to the radiation.

Unless otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this invention
belongs. The materials, methods, and examples provided
herein are illustrative only and are not intended to be limiting.

Implementation of the device and method of the present
invention involves performing or completing certain selected
tasks or steps manually, automatically, or a combination
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only,
with reference to the accompanying drawings. With specific
reference now to the drawings in detail, it is stressed that the
particulars shown are by way of example and for purposes of
illustrative discussion of the preferred embodiments of the
present invention only, and are presented in order to provide
what is believed to be the most useful and readily understood
description of the principles and conceptual aspects of the
invention. In this regard, no attempt is made to show struc-
tural details of the invention in more detail than is necessary
for a fundamental understanding of the invention, the descrip-
tion taken with the drawings making apparent to those skilled
in the art how the several forms of the invention may be
embodied in practice.

In the drawings:

FIG. 1 is a perspective view of an exemplary microstrip
antenna having a hexagonal patch, according to a preferred
embodiment of the present invention.

FIGS. 2A, 2B, 2C, and 2D are perspective views of exem-
plary microstrip antennas, each having a hexagonally struc-
tured patch with angles having differently shaped apexes.

FIG. 2D is a perspective view of an exemplary microstrip
antenna having a hexagonal patch with rounded angles hav-
ing an oblong slot formed therein.

FIGS. 3A, 3B, 3C are perspective views of exemplary
microstrip antennas, each having a hexagonal patch with a
direct contacting connection, according to embodiments of
the present invention.

FIGS. 4A, 4B and 4C are perspective views of an exem-
plary microstrip antenna having a hexagonal patch with an
indirect contacting connection, according to an embodiment
of present invention.

FIG. 4D is a perspective view of the exemplary dielectric
substrate shown in FIG. 4B, the substrate having an aperture
for coupling an indirect contacting connection, according to
an embodiment of present invention.

FIG. 5 is a perspective view of an exemplary microstrip
antenna having a set of four hexagonal patch elements,
according to another embodiment of present invention.

FIGS. 6A, 6B and 6C are Smith charts showing the perfor-
mance under different conditions of antenna elements having
different structures, according to embodiments of the present
invention.

FIGS. 7A, 7B and 7C are standing wave radio (SWR)
diagrams showing the performance under various conditions
of'antenna elements having different structures, according to
embodiments of the present invention.

FIG. 8 is a simplified flowchart diagram of a method for
using a microstrip antenna having a hexagonal patch for radi-
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ating electromagnetic energy over a wide predetermined fre-
quency range, according to a preferred embodiment of the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present embodiments comprise a microstrip antenna
having one or more electrically conductive hexagonal patch
elements and a method of radiating electromagnetic energy
over a wide predetermined frequency range. The hexagonal
patch elements of the microstrip antenna are designed to form
a compact structure which is easy to fabricate. The structure
of the hexagonal patch elements has been designed to enable
high antenna gain while using the microstrip antenna for
transmitting electromagnetic transmissions having a fre-
quency from a wide bandwidth. Moreover, the structure of the
hexagonal patch according to the present embodiments is
designed to decrease the cross polarization radiation of the
microstrip antenna.

The microstrip antenna is comprised of several compo-
nents. The core of the microstrip antenna is a dielectric sub-
strate. An electrically conductive ground plane is coupled to
the bottom of'the dielectric substrate. One or more electrically
conductive hexagonal patch elements are parallelwise posi-
tioned in proximity to the upper side of the dielectric sub-
strate. Each electrically conductive hexagonal patch has a
convex hexagonal shape. Three angles of the convex hexago-
nal shape are each approximately right angles and the other
angles are wide angles, each of approximately 150 degrees.
Each right angle is positioned opposite a wide angle. Each
wide angle is positioned in between two right angles. The
microstrip antenna is coupled to a signal feed element which
is used to feed the antenna with transmission signals.

The principles and operation of an apparatus and method
according to the present invention may be better understood
with reference to the drawings and accompanying descrip-
tion.

Before explaining at least one embodiment of the invention
in detail, it is to be understood that the invention is not limited
in its application to the details of construction and the
arrangement of the components set forth in the following
description or illustrated in the drawings. The invention is
capable of other embodiments or of being practiced or carried
out in various ways. Also, it is to be understood that the
phraseology and terminology employed herein is for the pur-
pose of description and should not be regarded as limiting.

Reference is now made to FIG. 1 which depicts an exem-
plary microstrip antenna 1 having a hexagonally structured
patch 2 according to one embodiment of the present inven-
tion. The hexagonal patch 2 is positioned on the top side of'a
dielectric substrate 3. Preferably, the bottom side of the
dielectric substrate 3 is coupled to an electrically conductive
surface 4. The electrically conductive surface 4 has been
retained for a reference or a ground plane surface.

As described above, microstrip antennas are used as micro-
wave circuit elements such as transmission lines, filters, reso-
nators, and antennas. The desirability of the microstrip anten-
nas results from their structures, particularly in view of their
compactness, conformability, and general ease of fabrication.
However, commonly known disadvantages of known micros-
trip antennas are, inter alia, their narrow frequency band-
width and their low efficiency factor, which results from low
antenna gain.

In order to overcome the aforementioned disadvantages,
the geometrical form of the hexagonal patch 2 has been cho-
sen so as to maximize the efficiency factor while extending
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the frequency range. The patch 2 is configured as a generally
convex hexagonal shape with a set of three wide angles and a
set of three approximately right angles. Each one of the wide
angles 11, 13, 15 measures approximately 150 degrees. Each
one of the right angles 12, 14, 16 measures approximately 90
degrees. Each one of the wide angles 11, 13, 15 is positioned
in between two of the right angles. Each wide angle 11, 13, 15
is positioned opposite a right angle 14, 16, 12, respectively.
The complex geometrical form of the hexagonal patch 2 has
been structured to optimize the functioning of the microstrip
antenna 1. Preferably, the unique angular structure of the
hexagonal patch 2 preferably give rise to the formation of an
approximately equilateral hexagonal patch 2 having sides
which are approximately equal.

Preferably, each one of the wide angles should be an angle
of' between 145.5 degrees and 154.5 degrees and each one of
the right angles should be an angle of between 85.5 degrees
and 94.5 degrees. The patch antenna can be made with devia-
tions not exceeding 5% in one or more of the above angles. It
should be noted that microstrip antenna with a hexagonal
patch having angles with a 5 percent deviation from the afore-
described optimal angular design yields results which are
close to those of a patch having the precise angles detailed
herein.

Reference is now made to FIGS. 2A, 2B, 2C and 2D which
depict an exemplary microstrip antenna 1 having a hexago-
nally structured patch 2 with angles having differently shaped
apexes. Parts that are the same as in FIG. 1 are given the same
reference numerals and are not described again except as
necessary for an understanding of the present issue. In the
embodiment shown in FIG. 1, the hexagonally structured
patch 2 is configured as having angles with sharpened apexes.
However, it will be appreciated by persons skilled in the art
that, if desired, a hexagonally structured patch having angles
with apexes which are shaped differently. The apex of the
angles may be shaped, for example, rounded, as depicted in
FIG. 2A, elongated, as depicted in FIG. 2B, concave, as
depicted in FIG. 2C, or shaped in any other manner as desired.
FIG. 2D depicts a hexagonally structured patch having angles
with rounded apexes and an oblong slot 7 formed therein. The
oblong slot 7 may be formed with different width and length
and may be positioned in different locations along the surface
area of the hexagonally structured patch. The forming of an
oblong slot 7 along a hexagonally structured patch having
angles with rounded apexes, for example, improves the per-
formance of the microstrip antenna 1 under various condi-
tions.

Reference is now made, once again, to FIG. 1. The micros-
trip antenna 1 may be used to emit electromagnetic radiation
having different wavelengths. The frequency of the transmit-
ted electromagnetic radiation is affected by the surface area of
the hexagonal patch 2 and by the relative dielectric perme-
ability of the dielectric substrate 3 to the radiation. The rela-
tionship between the size of the hexagonal patch 2 and the
wavelength of the transmitted radiation can be described by
the following equation:

Ao

=[2E]2.1.z

where S denotes the surface area of the hexagonal patch 2, A,
denotes the transmitted radiation wavelength, and €, denotes
the relative dielectric permeability of the dielectric substrate
3 to the radiation.
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Since the wavelength A, has an inverse relationship to the
frequency of the transmissions, the frequency of the radiation
of'the microstrip antenna 1 can be described by the following
equation:

o

where f denotes the frequency, A denotes the wavelength, as
described above, and ¢ denotes the speed of light in space.

As described above, in order to increase the antenna per-
formance and to provide a better efficiency factor and a larger
bandwidth, a dielectric substrate with a relatively low dielec-
tric constant has to be used. Accordingly, the dielectric sub-
strate 3 is preferably made of a partially cured, fiber-rein-
forced resin epoxy glass fabric, Teflon fiber glass, IS 620,
Rogers material and others.

Preferably, the dielectric substrate has a thickness ranging
between 0.5 mm and 2 mm and a dielectric constant ranging
between of about 2 and about 10.

Preferably, when the dielectric substrate is fiber-reinforced
resin epoxy glass the thickness is 0.8 mm and the dielectric
constant is 4.5.

As commonly known, when the feed is conveyed to the
microstrip antenna 1, fringing electromagnetic fields are
formed in the gap between the hexagonal patch 2 and the
electrically conductive surface 4. The dielectric substrate 3 is
positioned in the gap. The fringing fields generate the trans-
mitted electromagnetic waves.

Reference is now made to FIGS. 3A, 3B and 3C which
show exemplary embodiments of the present invention. The
hexagonally structured patch 2, the dielectric substrate 3, and
the electrically conductive surface 4 are similar to those
shown in FIG. 1 above. However, these figures further depict
direct contacting connections, described below, which are
used to transfer signals to the microstrip antenna 1.

As with many other antennas the microstrip antenna 1 is
used to transmit radio frequency (RF) or other electromag-
netic waves. In use, the microstrip antenna 1 receives signals
from an electronic circuit and generates electromagnetic
radiation accordingly. The signals are received from one or
more connections which are coupled to the body of the
microstrip antenna 1, as described below. The signal feed may
be transferred to the microstrip antenna 1 in a contacting
manner, such as discussed with regard to FIGS. 3A-Corin a
non-contacting manner, as discussed below with regard to
FIGS. 4A-D.

In the embodiments of the present invention shown in
FIGS. 3A-C, the signal feed is transferred to the microstrip
antenna 1 via a direct contacting connection such as a micros-
trip line feed and a coaxial feed. FIG. 3A depicts a microstrip
antenna 1 having an integrally formed microstrip line 101
which is used for connecting a signal feed to the microstrip
antenna 1 via the hexagonally structured patch 2.

The integrally formed microstrip line 101 is preferably
connected to any one of the angles of the patch 11, 12, 13, 14,
15, 16, however in case of a linear polarization the integrally
formed microstrip line 101 is directly connected to one of the
right angles of the patch 12, 14, 16.

FIGS. 3B and 3C show respective sectional perspective
and external perspective views of a microstrip antenna 1
connected to a coaxial connector 100 positioned on the bot-
tom side of the dielectric substrate 3. The coaxial connector
100 is connected to a conductor 102 which is used to conduct
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the feed to the hexagonal patch 2. Both FIGS. 3B and 3C
depict a contact feeding method using a coaxial probe con-
nection.

Reference is now made to FIGS. 4A, 4B, 4C and 4D, which
show exemplary embodiments of the present invention. The
hexagonally structured patch 2, the dielectric substrate 3, and
the electrically conductive surface 4 are similar to those
shown in FIG. 1 above. However, these figures further depict
anon-direct connection which is used to transfer signals to the
microstrip antenna 1.

FIG. 4A depicts an embodiment which utilizes a non-
contact coupling method which is known as proximity cou-
pling. As depicted, the microstrip antenna 1 includes another
dielectric substrate 201 positioned between the first dielectric
substrate 3 and the electrically conductive surface 4. The dual
dielectric substrate structure enables the positioning of a
microstrip line 200 in-between the dielectric substrates 3 and
201, proximal to the electrically conductive surface 4 and the
hexagonal patch 2. This configuration allows non-contact
coupling, known as proximity coupling, between the micros-
trip line 200 and the patch 2.

FIG. 4B depicts another embodiment utilizing a non-con-
tact coupling method which is known as an aperture coupling
method. This structure is similar to that utilizing proximity
coupling which is depicted in FIG. 4A as it also uses two
substrates. However, the difference is that the electrically
conductive surface 4 in FIG. 4B is positioned in between the
two substrates 3 and 201. As depicted at reference number
204 of FIG. 4D, an aperture exists on the electrically conduc-
tive surface 4, preferably in the geometrical center thereof, to
allow non-contact coupling between microstrip line 202 and
patch 2 to take place via the aperture 4. Thus, in this embodi-
ment, non-contact coupling, known as aperture coupling, is
achieved between microstrip line 202 and patch 2.

FIG. 4C depicts another embodiment utilizing a non-con-
tact coupling method. This structure is similar to that utilizing
proximity coupling which is depicted in FIG. 1 as it uses only
the first dielectric substrate 3 and the electrically conductive
surface 4. However, one difference is that one of the patch 2
angles has been truncated to form an additional side 205
which is preferably parallel to the central transverse axis of
the microstrip antenna 1. Another difference is that a micros-
trip line 203 is FIG. 4C is positioned on the dielectric sub-
strate 3, beside the patch 2 without making make a physical
contact with it. Preferably, the microstrip line 203 is posi-
tioned in parallel to the additional side 205.

Reference is now made to FIG. 5 which depicts an exem-
plary microstrip antenna 300 that comprises a set of hexago-
nal patches 2 according to another exemplary embodiment of
the present invention. Each one of the hexagonal patches 2,
the dielectric substrate 3, and the electrically conductive sur-
face 4 are as in FIG. 1 above. However, in the present embodi-
ment, each the hexagonal patches are connected via a set of
patch connection strips 301, 303 and 304 to improve the
performance of the microstrip antenna 300.

This novel structure of the hexagonal patches 2 is used in
microstrip antennas that comprise more than one patch. For
example, FIG. 5 depicts a microstrip antenna 300 having a set
of four hexagonal patches 2. The hexagonal patches are inter-
connected by patch connection strips 301, 303 and 304 which
enable the transmission of signals from a signal feed to all the
patches 2. Preferably, the patch connection strips 301, 303
and 304 are coupled to one or more external feeds that trans-
mit signals via a connector 302. Preferably, the connector 302
is positioned in the geometrical center of the central patch
connection strip 304.






