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PATCH ANTENNA SYSTEM WITH PARASITIC EDGE-ALIGNED ELEMENTS

RELATED APPLICATIONS
ro0011  This application claims priority to U.S. Application No. 15/481,116, filed on

April 6, 2017, which is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

100021 A microstrip or patch antenna is a low-profile antenna. In its simplest example,
it 13 a rectangular, half wavelength long conductive plate separated from a ground plane by
a dielectric substrate. These antennas can be manufactured easily, often using printed

circuit board technology.

(00031  Many times, patch antennas are integrated into two-dimensional arrays. By
controlling the phasing between the antennas of the array, directional antennas can be
created, such as antennas with pencil beams, fan beams and omni-directional coverage
beams. Further the antennas can be designed to provide linear or circular polarization.
Often the arrays are planar, but they can be curved depending on the application and

structure in which they are implemented.

100047  Historically, published design curves on rectangular patch antennas show a
distinct correlation between substrate parameters, such as thickness and relative
permittivity, and radiation characteristics of the antennas. More specifically, broadside gain
(i.e., gain in the direction orthogonal to the plane of the antenna) 1s increased when the
substrate permittivity is reduced; and the achieved fractional bandwidth (FBW= BWi4s/f,
where BWsgs 1s the frequency range over which the gain is at least half the peak gain, and
fe is the center frequency of the device) of the patch antenna is increased when the
substrate thickness is increased. Lower limitations on substrate permittivity is set at 1,
being that of air, and substrate thickness is resiricted below a height where destructive
surface waves appear as well as cancellation in the phase front of the far fields. A
thoughttully designed rectangular patch antenna can achieve a peak broadside gain of 8
decibels (dB) with a fractional bandwidth of 10%. Typically, improvements in the
tfractional bandwidth involve complex multilayer bent patches and suffer from a reduction
in gain.

100057 In the past, parasitic elements have been used to improve gain and fractional

bandwidth of patch antennas. Previous designs have generally used large rectangular
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parasitic elements spaced with a dielectric layer to modify the gain and/or fractional
bandwidth of the antenna. Other parasitic elements have been placed in the plane of the

patch antenna.

SUMMARY OF THE INVENTION

100061 The present invention can be used to improve the broadside gain and fractional
bandwidth of patch antennas compared to typical rectangular, polarized (e.g., circular},
patch antenna designs. By integrating one or more parasitic elements above the radiating
edges of a paich antenna, the broadside gain can be imuproved by as much as 1 dB or more.

Moreover, the fractional bandwidth can be increased to as much as 25%, or more.

100071  These improvements are accomplished by carefully designing the parasitic
elements and the paich antenna. Specifically, the set of parasitic elements is designed to
resonate slightly away from the resonance of the patch antenna. The parasitic elements are
spaced from the patch antenna such that intentional coupling occurs between the patch
antenna and the parasitic elements. This coupling increases the impedance bandwidth seen
at the feed of the antenna which correspondingly provides the improvements in realized
broadside gain and fractional bandwidth. The set of parasitic elements can also be designed
to control polarization. To achieve circular polarization, for example, the set of parasitic
elements includes a pair of parasitic elements for each of the orthogonal modes of the patch
antenna system. The elements are arranged to avoid coupling in either a direct or
capacitive fashion between these pairs of parasitic elements, preferably by separating
and/or 1solating the pairs of parasitic elements from each other. In one example, this
isolation is realized by separating the orthogonal mode parasitic ¢lernents by a dielectric

layer.

100087  The parasitic elements are spaced away from the patch antenna using a material
deposited between the elements and the antenna. The dieleciric constant of this material
should be as close to air as possible. Preterably, the material placed between the patch
antenna and parasitic elements is selectively deposited to introduce an air gap between the
elements and the antenna while also introducing mechanical support for the elements. This
selective deposition of material also relaxes the requirements for high radio frequency (RF)

performance, thereby also reducing cost.
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100091 It further provides a path to integrate air gaps between the patch antenna and
parasitic elements while maintaining structural integrity. These air gaps allow the achieved
gain and bandwidth improvements brought about by the parasitic elements to be

maintained.

rooicl  In general, according to one aspect, the invention features a patch antenna
system. It comprises a patch antenna and at least one strip-shaped parasitic element

arranged over a radiating edge of the patch antenna.

rco111  Inthe current embodiment, the patch antenna is rectangular and is located in a
well and the at least one parasitic element is supported on a membrane layer extending

over the well.

r00121  Further, the at least one sirip-shaped parasitic element preferably comprises a
first polarization right parasitic element and a first polanization left parasitic element, each
arranged over an opposite radiating edge of the patch antenna. The strip-shaped parasitic
elements can further comprise a second polarization right parasitic element and a second
polarization left parasitic element that are arranged over other opposed radiating edges of

the patch antenna.

100131 The different polarization parasitic elements should be separated from each

other by a dielectric membrane layer, for example.

(00141 In general, according to another aspect, the invention features an antenna
systemm. The system comprises an antenna, such as a patch or loop antenna, and two pairs

of parasitic elements arranged over the antenna.

100151 The above and other features of the invention including various novel details of
construction and combinations of parts, and other advantages, will now be more
particularly described with reference to the accompanying drawings and pointed out in the
claims. It will be understood that the particular method and device embodying the
invention are shown by way of tllustration and not as a limitation of the invention. The
principles and features of this invention may be employed in various and numerous

embodiments without departing from the scope of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS
(00161 Inthe accompanying drawings, reference characters refer to the same parts
throughout the different views. The drawings are not necessarily to scale; emphasis has

instead been placed upon illustrating the principles of the invention. Of the drawings:

rc0171 Fig 1is a perspective scale view of a patch antenna system according to the

present invention;

(00181 Fig 2is a perspective cross sectional view of the patch antenna system;
(00191 Figs 3A and 3B are plan views showing the horizontal polarization parasitic

elements and the vertical polarization parasitic elements, respectively of the paich antenna

systent;
rcozo1  Fig 4 shows the patch antenna system integrated into a patch array;

100211 Fig 5is a plot of broadside gain in dectbels (dB) as a function of normalized
trequency for an exemplary patch antenna system employing the present invention (solid

line) compared to a conventional patch antenna (dotted line); and

(00221 Fig. 61s a plot of return Joss in decibels as a function of normalized frequency
for the inventive patch antenna system (solid line) compared to a conventional patch

antenna (dotted line).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
(00231 The invention now will be described more fully hereinafter with reference to the
accompanying drawings, in which illustrative embodiments of the invention are shown.
This invention may, however, be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully convey the

scope of the invention to those skilled in the art.

100241  Asused herein, the term "and/or" includes any and all combinations of one or
more of the associated listed iterns. Further, singular forms and the articles "a", "an” and
"the" are intended to include the plural forms as well, unless expressly stated otherwise. It
will be further understood that the terms: includes, comprises, including and/or comprising,
when used 1n this specification, specify the presence of stated features, integers, steps,

operations, elements, and/or components, but do not preclude the presence or addition of
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one or more other features, integers, steps, operations, elements, components, and/or
groups thereof. Further, it will be understood that when an element, including component
or subsystem, is referred to and/or shown as being connected or coupled to another
element, it can be directly connected or coupled to the other element or intervening

elements may be present.

ro0z51  Figs. 1 and 2 illustrate a patch antenna system 100 that has been constructed

according to the principles of the present invention,

100261 In general, patch antenna system 100 comprises a patch antenna 50 and one or
more, preferably two pairs of, strip-shaped parasitic elements 120 arranged over the
radiating edges of the patch antenna 50. The patch antenna 50 is excited or the incoming

RF signal detected via feedline 150 (see Fig. 2).

100271 Inmore detal, in the illustrated embodiment, the patch antenna 50 1s deposited
on a topside of a planar substrate 52. Often, the patch antenna 50 is a metal layer or
patterned metallization, such as copper, that has been deposited upon the topside of the
substrate layer 52. The bottom side of the substrate layer 52 has been metallized or

rendered conductive to provide a ground plane 54.

100281 The substrate layer 52 should be a dielectric material such as: Rogers
RT/Duroid 6002, It should have a permittivity of at least 1. Generally, its thickness in the

z-axis direction is about 45/14.

100291 The patch antenna 50 is located in a well 60. Specifically, a dielectric frame
layer 62 projects orthogonally from the substrate 52, in the z-axis direction, and surrounds
the perimeter of the patch antenna 50. Typically, the inner sides of the well 60 are spaced
in the x-axis and y-axis directions, from the four radiating edges 72, 74, 76, and 78 of the
patch antenna 50, by a distance that is at least halt the length X1 of the patch antenna along

the x axis and the width Y1 along the Y axis.

100301 The dielectric frame layer 62 is preferably fabricated using selective deposition.
Example materials for this layer include Teflon, Rohacell, Polycarbonate. Moreover, the
trame laver 62 is preferably deposited to include airgaps such as in a honeycomb pattern.
This provides a method to introduce mechanical support while minimizing the RF impact
and therefore maintain the gain and bandwidth improvements brought about by the

parasitic ¢lements 120
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100311 A dielectric membrane layer 110 is attached to or deposited on the top of the
dielectric frame layer 62. This dielectric membrane layer 110 preferably extends over the
well 60 and extends parallel to the plane of the patch antenna 50 but spaced away by the
thickness of the frame layer 62. In this example the thickness of the frame layer 62 in the z-
axis direction and thus the spacing between the patch antenna 50 and parasitic elements
120 1s set at A/9 (where X is the wavelength of the intended operating center frequency for

the patch antenna system ) with the dielectric medium being air.

100321 The dielectric membrane layer 110 carries at least one parasitic element.

Preferably, the dielectric membrane layer 110 carries two sets of parasitic elements.

100331 The shape and orientation of these one or more parasitic elements 120 is
important. Preferably, the parasitic elements 120 are strip-shaped. Moreover, they are each
disposed above a different radiating edge 72, 74, 76, 78 of the patch antenna 50
Preferably, the parasitic elements have a length that corresponds to the length of the
corresponding radiating edge 72, 74, 76, 78. In the illustrated embodiment, these lengths

are indicated by either references X1 or Y1.

100341 The length and width of the patch antenna 5O and the lengths of the parasitic
elements 120 are dictated by the intended operational frequency/wavelength of the patch
antenna systern 100, as well as the thickness and permittivity of the dielectric substrate 52
The parasitic elements 120 are designed to be slightly greater than or less than half of a
wavelength in length while the length and width of the patch antenna are set at half a

wavelength, as to separate the two resonances slightly.

100251 Onthe other hand, the parasitic elements are relatively narrow in their width. In

the preferred embodiment, their aspect ratio, length to width, is at least 10to 1.

(00361 The illustrated embodiment also concerns a patch antenna system 100 that
produces/receives circularly polarized radiation. In this mode of operation, the parasitic
elements 120 comprise a first polarization {e.g., horizontal polarization) right parasitic
element 120A and a horizontal polarization left parasitic element 1208, This set of first or
horizontal polarization parasitic elements 1204, 120B are aligned parallel to the opposite

radiating edges 76, 78 of the patch antenna 50.

100371 Simularly, parasitic elements 120 further comprise a second polarization (e.g.,

vertical polarization) right parasitic element 120C and a vertical polarization left parasitic
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element 120D, This set of second or vertical polarization parasitic elements 120C, 120D
are aligned parallel to the two other radiating edges 72, 74, respectively, of the patch

antenna 50.

(00381 The best performance (e.g. increase in broadside gain and/or fractional
bandwidth) is obtained when the parasitic elements 120A, 1208, 120C, 120D are isolated
and separated from each other. In the illustrated embodiment, this is achieved by
depositing or otherwise forming the vertical polarization parasitic elements 120C, 120D on
the bottom side of the dielectric membrane layer 110 and depositing or otherwise forming
the horizoutal polarization parasitic elements 120A, 1208 on the top side of the dielectric

membrane layer 110.

100397 In the preferred embodiment, the strip-shaped parasitic elements 1204, 1208,
120C, 120D are directly vertically aligned over their respective radiating edges 76, 78, 72,
74, respectively, of the patch antenna 50. Specifically, in each example, when the
respective radiating edge 1s projected in the z-axis direction, it passes-through, laterally

hisects, the corresponding parasitic element.

ico401  Fig 3A illustrates the first/horizontal polarization parasitic elements 1204,
1208 on the dielectric membrane layer 110, Also shown is the extent of the corresponding

radiating edges 76, 78 of the underlying patch antenna 50

(00411 Fig 3B illustrates the second/vertical polarization parasitic elements 120C,
120D on the dielectric membrane layer 110. Also shown is the extent of the corresponding

radiating edges 72, 74 of the underlying patch antenna 50.

100421 Fig. 4 shows the use of the paich antenna system 100 in a patch antenna array
200. Specifically, four patch antenna systems 100-1, 100-2, 100-3, and 100-4 are integrated
together on a common substrate 52 to form a 2 x 2 array of patch antennas. By controlling
the relative delay of the signal fed to the patch antennas 100 or controlling the delay of the
signals received by the separate patch antennas 100, a directional patch antenna systeru is

provided.

100431 Fig. 5 shows the improved performance that can be achieved using the patch
antenna systern 100 of the present invention. Specifically, the broadside gain 502 provided
by the patch antenna system 100 is greater than the broadside gain 504 of a conventional

patch antenna such as a rectangular patch antenna and has a much wider bandwidth. In this
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exarnple, the peak broadside gain is increased by 0.7 dB while the fractional bandwidth at

the 3 dB half power point ts also increased from 11% to 25%.

rco441  Fig. 6 shows the lower signal return loss 602 provided by the inventive patch
antenna systern 100 compared to that of a conventional patch antenna such as a rectangular
patch antenna, indicated by reference 604. This return loss is simulated at the feed of the
antenna system 100 demonstrating the increase in impedance bandwidth to justify the

change in realized gain and fractional bandwidth.

100451 In other embodiments, the described parasitic elements are integrated with
different styles of antennas, such as a loop antenna. Furthermore, dual band antenna
designs could implement multiple layers of parasitic elements, each spaced and sized

properly, to improve the gain and bandwidth of the dual band radiating structure.

00461 While this invention has been particularly shown and described with references
to preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the scope

of the invention encompassed by the appended claims.
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CLAIMS

What is claimed is:

I. A patch antenna system, comprising:
a patch antenna; and
at least one strip-shaped parasitic element arranged over a radiating edge of the

patch antenna.

~5

2. The patch antenna system according to claim 1, wherein the paich antenna is
focated in a well and the at least one parasitic element is supported on a membrane

laver extending over the well.

3. The patch antenna system according to claim 2, wherein the well is formed in a

diglectric frame layer.

4. The patch antenna system according to claim 3, wherein the frame laver is

fabricated using selective deposition,

5. The patch antenna systern according to claim 3, wherein the frame layer is in the

form of a honeycomb pattern.

6. The patch antenna system according to any of claims 1-5, wherein the patch

antenna is rectangular.

7. The patch antenna system according to any of claims 1-6, wherein the at least
one strip~shaped parasitic element comprises a first polarization right parasitic
element and a first polarization left parasitic element, each arranged over an

opposite radiating edge of the patch antenna.

& The patch antenna system according to claim 7, wherein the strip-shaped
parasitic elements further comprise a second polarization right parasitic element
and a second polarization left parasitic element that are arranged over other

opposed radiating edges of the patch antenna.

9. The patch antenna system according to claim 1, further comprising one or more
first polarization parasitic elements and one or more second polarization parasitic

elements.
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10. The patch antenna system according to claim 9, wherein the first polarization
parasitic elements and the second polarization parasitic elements are separated from

each other by a dielectric membrane layer.

11, An antenna system, comprising:
an antenna; and

two pairs of parasitic elements arranged over the antenna.

12. The antenna system according to claim 11, wherein the antenna is located in a
well and the two pairs of parasitic elements are supported on a membrane layer

extending over the well.

13. The antenna system according to any of claim 11-12, wherein the antenna is

rectangular.

14. The antenna systern according to any of claims 11-13, wherein a first pair of
parasitic elements comprises a first polarization right parasitic element and a first
polarization left parasitic element, each arranged over an opposite radiating edge of

the antenna.

1S, The antenna system according to claim 14, wherein a second pair of parasitic
elements comprise a second polarization right parasitic element and a second
polarization left parasitic element that are arranged over other opposed radiating

edges of the antenna.

16. The antenna system according to claim 11, wherein a first pair of the parasitic
elements and a second pair of the parasitic elements are separated from each other

by a dielectric membrane layer.

17. The antenna system according to clatm 11, wherein the antenna is a patch

antenna.

18. The antenna system according to claim 11, wherein the antenna is a loop

antenna.

19. A patch antenna system, comprising:

a patch antenna;
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a frame layer extending around the patch antenna;

a membrane layer on the frame layer, the membrane laser extending over the
well; and

at least one strip-shaped parasitic element carried by the membrane layer over

the patch antenna.

20. The patch antenna system according to claim 19, wherein the patch antenna 1s

focated in a well formed in the frame layer.
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