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(57) Abstract

In accordance with the present invention,
there is provided a patch antenna assembly (10)
having a generally planar patch antenna (12), de-
fined by a first peripheral boundary (14), and a gen-
erally planar parasitic ground plate (16), disposed at
a spaced parallel relation to the patch antenna (12).
The assembly (10} further includes at least one con-
ductive parasitic shielding element (18) for segre-
gating electromagnetic fields between the patch an-
tenna (12) and the ground plate (16). The shielding
element (18) is disposed in electrical communica-
tion with the ground plate (16) and extends from
the ground plate (16) and substantially about the
first peripheral boundary (14) of the patch antenna
(12).
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PATCH ANTENNA WITH AN ELECTRICALLY SMALL GROUND PLATE
USING PERIPHERAL PARASITIC STUBS

Field of the Invention
The present invention relates generally to patch
antennas, and more particularly to a patch antenna having
a relatively small ground plate using peripheral

parasitic stubs.

Background of the Invention

Patch antennas for transreceiving radio-frequency
signals are well known. Such patch antennas generally
comprise a patch antenna element which is suitable for
receiving and/or transmitting at a desired frequency
range or bandwidth. These patch antennas may be linearly
or circularly polarized, for example.

A conventional patch antenna is provided with a
ground plate or ground plane which is parallel to the
antenna and spaced apart therefrom. Thus, the ground
plate has a patch side and a non-patch side. Patch
antennas such as these are characterized their bore sight
directionality (perpendicular to the plane of the patch
antenna and in a direction pointed away from the patch
side of the ground plate). The ground plate tends to
shield or mitigate external signals emanating from non-
bore sight directions. Similarly, the ground plate acts
to control the direction of outgoing signals when the
antenna is used to transmit signals.

Besides defining the directionality of the antenna,
the characteristics of the ground plate impacts the
antenna performance. It is understood that such a
transmitting/receiving patch antenna results in
electromagnetic fields emanating between the patch
antenna and the ground plate and that the patch antenna
and its ground plate have an inductive relationship. The
nature of these electromagnetic fields impacts the

antenna performance. As such, changing the size of the
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ground plate affects the antenna gain and pattern or
shape. To a certain extent, the larger the ground plate,
the greater the antenna gain and the more defined the
antenna pattern. In a conventional configuration, the
ground plate is larger than the patch antenna. Take for
example a patch antenna which is rectangular and defines
a length and a width. Typically, the associated ground
plate requires a length and a width of approximately
three times or greater than that of the patch antenna for
optimum or increased antenna performance in terms of gain
and pattern shape. Thus, the ground plate would have a
surface area of at least nine times greater than the
patch antenna.

Based on the foregoing, it is clear that the sizing
requirements of such a patch antenna/ground plate
arrangement is dominated by the size of the ground plate.
In addition, it 1is understood that the =sizing
requirements of an antenna assembly directly impacts the
overall weight of the assembly. The size and weight of
an antenna assembly may impact the range of application
of the device. Thus, under certain circumstances it is
highly desirable to reduce the gize and weight of the
antenna assembly without sacrificing antenna performance.
It is therefore evident that there exists a need in the
art for a patch antenna assembly having a patch antenna
with a relatively small ground plate thereby reducing the

overall size and weight of antenna assembly.
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Summary of the Invention

According to the present invention there is provided a
patch antenna assembly comprising:

5 a generally planar patch antenna defining a first
peripheral boundary;

a generally planar parasitic ground plate disposed
parallel to the patch antenna and in spaced zrelation
thereto, the patch antenna being aligned off-center with

10 respect to the ground plate; and

a conductive parasitic shielding element for
segregating electromagnetic fields between the patch antenna
and the ground plate, the shielding element being in
electrical communication with the ground plate, extending

15 from the ground plate, and disposed substantially about the
first peripheral boundary of the patch antenna.

The invention also provides a patch antenna assembly

rers comprising:
et a generally planar patch antenna defining a first
LN 20 peripheral boundary;

a generally planar parasitic ground plate disposed
parallel to the patch antenna and in spaced zrelation
thereto, the patch antenna being aligned off-center with
respect to the ground plate; and

R 25 at least one conductive parasitic shielding element for
segregating electromagnetic fields between the patch antenna
and the ground plate, the shielding element being in
electrical communication with the ground plate, extending
from the ground plate, and disposed exterior to the first

30 peripheral boundary of the patch antenna.

The invention also provides a patch antenna array
comprising a plurality of patch antenna assemblies, each of
the patch antenna assemblies comprising:

a generally planar patch antenna defining a first
peripheral boundary;

a generally planar parasitic ground plate disposed
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parallel to the patch antenna and in spaced relation
thereto, the patch antenna being aligned off-center with
respect to the ground plate; and

at least one conductive parasitic shielding element for
segregating electromagnetic fields between the patch antenna
and the ground plate, the shielding element being in
electrical communication with the ground plate, extending
from the ground plate, and disposed exterior to the first
peripheral boundary of the patch antenna.

The invention also provides a method of making a patch
antenna assembly comprising the steps of:

(a) providing a generally planar dielectric substrate
having first and second sides;

(b) affixing a conductive material to the first and
second sides of the dielectric substrate;

(c) removing a portion of the conductive material from
the first side so as to form a patch antenna from the
remaining conductive material which is defined by a first
peripheral boundary, the patch antenna being aligned off-
centre with respect to the dielectric substrate;

(d) drilling a plurality of Tholes through the
dielectric substrate about the first peripheral boundary of
the patch antenna; and

(e) filling the holes with a conductive material.

The invention also provides a patch antenna assembly
comprising:

a generally planar patch antenna defining a first
peripheral boundary;

a generally planar parasitic ground plate disposed
parallel to the patch antenna and in spaced relation
thereto;

a conductive parasitic shielding element for
segregating electromagnetic fields between the patch antenna
and the ground plate, the shielding element being in
electrical communication with the ground plate, extending

from the ground plate, and disposed substantially about the
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first peripheral boundary of the patch antenna;

a generally planar signal generating layer for
generating a transmission signal, the signal generating
layer having signal generating circuitry in electrical
communication with the patch antenna; and

a via extending from the signal generating circuitry
and through the ground plate and terminating at the patch
antenna for facilitating electrical communication between
the signal generating circuitry and the patch antenna.

The invention also provides a patch antenna assembly
comprising:

a generally planar patch antenna defining a first
peripheral boundary;

a generally planar parasitic ground plate disposed
parallel to the patch antenna and in spaced relation
thereto;

at least one conductive parasitic shielding element for
segregating electromagnetic fields between the patch antenna
and the ground plate, the shielding element being in
electrical communication with the ground plate, extending
from the ground plate, and disposed exterior to the first
peripheral boundary of the patch antenna;

a generally planar signal generating layer for
generating a transmission signal, the signal generating
layer having signal generating circuitry in electrical
communication with the patch antenna;

a via extending from the signal generating circuitry
and through the ground plate and terminating at the patch
antenna for facilitating electrical communication between
the signal generating circuitry and the patch antenna.

The invention also provides a patch antenna array
comprising a plurality of patch antenna assemblies, each of
the patch antenna assemblies comprising:

a generally planar patch antenna defining a first
peripheral boundary;

a generally planar parasitic ground plate disposed
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parallel to the patch antenna and in spaced relation
thereto;

at least one conductive parasitic shielding element for
segregating electromagnetic fields between the patch antenna
and the ground plate, the shielding element being in
electrical communication with the ground plate, extending
from the ground plate, and disposed extericr to the first
peripheral boundary of the patch antenna;

a generally planar signal generating layer for
generating a transmigsion signal, the signal generating
layer having signal generating circuitry in electrical
communication with the patch antenna; and

a via extending from the signal generating circuitry
and through the ground plate and terminating at the patch
antenna for facilitating electrical communication between
the signal generating circuitry and the patch antenna.

In the preferred embodiment of the present invention,
the antenna 1is sgized and configured for a particular
electromagnetic wavelength. The antenna and the ground
plate are gpaced approximately one twenty-fifth wavelength
apart. Preferably, the dielectric material the antenna and
the ground plate has a dielectric constant of four. In
addition, the shielding element takes the form of a
plurality of elongated cylindrical vias. Each of the vias
extends from the ground plate towards the patch antenna and
the vias collectively surround the patch antenna. The vias
are spaced approximately one twenty-£fifth of the
predetermined wavelength apart or less. In such a
configuration, it is preferable that the diameter of the
vias are approximately cone-two-hundredth of the
predetermined wavelength.

The patch antenna may have a variety of polarizations
and geometrieg. The antenna assembly may be further
provided with other generally planar 1layers which may

include circuitry associated with generating and
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processing signal transmitted and received from the patch
antenna. Thus, it is contemplated that the patch antenna
and ground plate formed on the dielectric substrate may
be combined with other substrate layers to conveniently
form a board stack-up. In addition, the present
invention further includes a patch antenna array which is
provided with a plurality of patch antenna assemblies as
described above.

In another embodiment of the present invention there
is provided a method of making a patch antenna assembly.
The method begins with the initial step of providing a
generally planar dielectric substrate having first and
second sides. A conductive material is affixed to the
first and second sgides of the dielectric substrate.
Affixing the conductive material may be accomplished by
using a metal plating process. A portion of the
conductive material is removed from the first side to
form a patch antenna from the remaining conductive
material which. The patch antenna defines a first
peripheral boundary. Additionally, a portion of the
conductive material is removed from the first side of the
dielectric substrate to form a plurality of discs having
a first diameter from the remaining conductive material.
The discs are formed about the first peripheral boundary
of the patch antenna to collectively surround the
antenna. The digcs are formed to have a first diameter.
The removal of the conductive material may be facilitated
by an etching process. A plurality of holes are drilled
through the center of the discs and through the
underlying dielectric substrate. The holes are drilled
to have a second diameter which is less than the first
diameter of the discs. The holes are filled with a
conductive material to electrically connect the discs to
the conductive material on the second side of the
dielectric substrate. A metal plating process may be
used to fill the holes.
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Based on the foregoing, the present invention
mitigates the inefficiencies and limitations associated
with prior art patch antenna assemblies. Advantageously,
the present invention facilitates use of a reduced sized
ground plate in comparison to a ground plate used in a
conventional antenna arrangement for comparable antenna
perforﬁance. Because the overall size of a patch antenna
assembly is limited by the size of the associated ground
plate, present invention facilitates an overall reduction
in the size of the antenna assembly. Such reductions
have a corresponding reduction in weight of the antenna
assembly. It is contemplated that these reductions in
size and weight of the antenna assembly facilitate
expanded usage and range of application in circumstances
where the size and/or weight constraints are important.
In addition, the antenna assembly of the present
invention may incorporate antennas having a variety of
the polarizations (circular, linear, etc.). As such, the
antenna assembly further facilitates a wide range of
application.

With respect to ease of manufacture, the antenna
assembly of the present invention does not require any
special or extraordinary tooling requirements.
Conventional methods of manufacture may be used, such as
metal plating and drilling processes. In addition, in
order to construct the antenna assembly of the present
invention, no special or extraordinary materials are
required. The dielectric substrate may take the form of
an off-the-shelf printed wiring board and the patch
antenna, ground plate and shielding member may be formed
of a common metal plating. As such, it is contemplated
that the antenna assembly of the present invention is
contemplated to be relatively low in cost to fabricate.

Another significant advantage of the present
invention is that the patch antenna assembly readily
accommodates connection with other electronic components,

such as signal generating and processing components.
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These components may be electrically connected to the
patch antenna through the used of conductive vias which
may pass through the plane of the ground plate. Such a
design flexibility facilitates layered configuration to
form an integrated electronic board stack-up.

Accordingly, the present invention represents a
significant advance in the art.

Brief Description of the Drawings
These, as well as other features of the present

invention, will become more apparent upon reference to
the drawings wherein:

Figure 1 is a perspective view of the patch antenna
assémbly of the present invention;

Figure 2 is a top view of the patch antenna assembly
depicted in Figure 1;

Figure 3 is a side view of the patch antenna
assembly as seen along axis 3-3 of Figure 1;

Figure 4 is the patch antenna assembly as depicted
in Figure 1 illustrating a partial cross-sectional view;

Figure 5 1is another embodiment of the present
invention depicting an exploded perspective view; and

Figures 6-10 depict a method of constructing the
patch antenna of the present invention. Figure 6 depicts
a printed wiring board (pwb). Figure 7 depicts the pwb
after being plated. Figure 8 depicts selective removal
of portions of the plating. Figure 9 depicts the pwb
after being drilled with holes. Figure 10 depicts the
holes after being filled.

Detailed Description of the Preferred Embodiment
Referring now to the drawings wherein the showings
are for purposes of illustrating a preferred embodiment
of the present invention only, and not for purposes of
limitihg the same, Figures 1-10 illustrate a patch
antenna assembly which is constructed in accordance with

the present invention. As will be described in more
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detail below, the patch antenna assembly is provided with
a patch antenna having a relatively small ground plate.

Referring now to Figures 1-4, in accordance with the
present invention, there is provided a patch antenna
assembly 10 which is provided with a generally planar
patch antenna 12 which defines a first peripheral
boundary 14. The patch antenna assembly 10 is further
provided with a generally planar parasitic ground plate
16 which is disposed parallel to the patch antenna 12 and
in spaced relation thereto. The patch antenna assembly
10 is further provided with at least one conductive
parasitic shielding element 18 for segregating
electromagnetic fields between the patch antenna 12 and
the ground plate 16. The shielding element 18 is
disposed in electrical communication with the ground
plate 16 and extends from the ground plate 16 and
substantially about the first peripheral boundary 14 of
the patch antenna 12.

Preferably, the patch antenna 12 and the ground
plate 16 are formed on a common dielectric substrate 20
and the patch antenna 12, the ground plate 16 and the
shielding element 18 are formed of a similar metallic
material. For example, the dielectric substrate 20 may
be formed of a printed wiring beoard (pwb). The material
used to form the patch antenna 12, the ground plate 16
and the shielding element 18 may be copper, for example.
Other suitable material selections are well known to
those of ordinary skill in the art.

In the preferred embodiment of the present
invention, the antenna 12 is sized and configured for a
particular electromagnetic wavelength. The antenna 12
and the ground plate 16 are spaced approximately one
twenty-fifth of such a wavelength apart. Preferably with
such a spacing, the dielectric substrate material which
is interposed between the antenna 12 and the ground plate
16 has a dielectric constant of four. It is contemplated

that the antenna performance is impacted by the spacing
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with the ground plate 16 and the dielectric constant of
the dielectric substrate 20.

In addition, the shielding element 18 takes the form
of a plurality of elongated cylindrical vias 22. Each of
the vias 22 extends from the ground plate 16 towards the
patch antenna 12 and the vias 22 collectively surround
the patch antenna 12. The stub shaped vias 22 are
parasitic in nature, as these are not directly
electrically connected to the patch antenna 12, It is
understood that a parasitic element is one that is not
coupled directly to the feed lines of an antenna and that
materially affects the radiation pattern or impedance, or
both, of an antenna. The wvias 22 ares spaced
approximately one twenty-fifth of such a wavelength apart
or less. In such a configuration, it is preferable that
the diameter of the vias 22 are approximately one two-
hundredth of the predetermined wavelength. The shielding
element 18 has a height extending from the ground plate
16 of approximately equal or greater than that of the
spacing between the patch antenna 12 and the ground plate
16,

The patch antenna 12 may have a variety of
polarizations and they may be linearly or circularly
polarized, for example. In addition, the geometry of the
patch antenna 12 may take various forms including
rectangular, cirecular and spiral, example. In the
embodiment of the present invention where the patch
antenna 12 is rectangular in shape, the antenna 12
defines a first length 24 and a first width 26. The
associated ground plate 16 similarly defines a second
length 28 and a second width 20. Preferably, the second
length 28 is equal to or less than twice the first length
24 and the second width 30 is equal to or less than twice
the first width 26. The patch antenna is provided with
a first surface area and the ground plate 12 is provided
with a second surface area. Preferably, the second
surface area is equal to or less than four times the
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first surface area. It is contemplated, however, that
the ground plate 16 defines a second peripheral boundary
larger 32 than the first peripheral boundary 14 of the
patch antenna 12. With respect to the ground plate 16,
the patch antenna 12 may be aligned off-center or
centered.

Referring now to Figure 5, in another embodiment of
the present invention, the antenna assembly 10 may be
further provided with generally planar signal generating
layer 34 for generating a transmission signal. The
signal generating layer 34 includes signal generating
circuitry 36 which is in electrical communication with
the patch antenna 12 through a first feed via 46. The
signal generating circuity 36 may include various
components such as filters, mixers, oscillators
amplifiers, etc. The antenna assembly 10 may be further
provided with a generally planar signal processing layer

38 for processing a signal received with the patch

antenna 12. The signal processing layer 38 includes
signal processing circuitry 40, including signal
processing chips for example. The signal processing

circuitry 40 is in electrical communication with the
patch antenna 12 through a second feed via 48. The
signal generating and the signal processing layers 34, 38
may be formed on dielectric substrates 42, 44. Thus, it
is contemplated that the patch antenna 12 and ground
plate 16 formed on the dielectric substrate 20 may be
combined with other substrates layers, such as substrates
42, 44, to conveniently form a board stack-up.

The shielding element 18, in the form of the vias
22, may extend from the ground plate 16 to the signal
generating layer 34 and the signal processing layer 38
for shielding the signal generating and processing
circuitry 36, 40 from external signals. The first and
second feed vias 46, 48 may extend from the signal
generating and processing circuitry 36, 40, through the
ground plate 16 and terminate at the patch antenna 12 for
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facilitating electrical communication respectively
between the signal generating circuitry 36 and the patch
antenna 12, and the signal processing circuity 40 and the
patch antenna 12. Advantageously, it is contemplated
that the material forming the ground plate 16 may be
selectively removed so as to permit the first and second
feed vias 46, 48 to pass through ground plate 16 without
being directly electrically connected to it.

In addition, although not shown, the present
invention further includes a patch antenna array which is
provided with a plurality of patch antenna assemblies 10
as described above.

In another embodiment of the present invention there
is provided a method of making a patch antenna assembly
10 as described above. Referring now to Figures 6-10,
the method begins with the initial step of providing a
generally planar dielectric substrate 20 having first and
second sides 50, 52. A conductive material 54 is affixed
to the first and second sides 50, 52 of the dielectric
substrate 20. Affixing the conductive material 54 may be
accomplished by using a metal plating process. A portion
of the conductive material 54 is removed from the first
side so as to form a patch antenna 12 from the remaining
conductive material 54. The patch antenna 12 defines a
first peripheral boundary 14. Additionally, a portion of
the conductive material 54 is removed from the first side
50 of the dielectric substrate 20 to form a plurality of
discs 56 having a first diameter from the remaining
conductive material. The discs 56 are formed about the
first peripheral boundary 14 of the patch antenna 12 so
as to collectively surround the antenna 12. The discs 56
are formed to have a first diameter. The removal of the
conductive material 54 may be facilitated by an etching
process. A plurality of holes 58 are drilled through the
center of the discs 56 and through the underlying
dielectric substrate 20. The holes 58 are drilled to

have a second diameter which is less than the first
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diameter of the discs 56. The holes 58 are filled with a
conductive material so as to electrically connect the discs
56 to the conductive material 54 on the second side 52 of
the dielectric substrate 20 thereby forming shielding
elements 18. A metal plating process may be used to fill
the holes 58.

Additional modifications and improvements of the
pregent invention may also be apparent to those of ordinary
skill in the art. Thus, the particular combination of parts
described and illustrated herein is intended to represent
only one embodiment of the present invention, and is not
intended to serve ag limitations of alternative devices
within the spirit and scope of the invention.

The reference to any prior art in this specification is
not, and should not be taken as, an acknowledgment or any
form of suggestion that that prior art forms part of the
common general knowledge in Australia.

Throughout this specification and the c¢laimg which
follow, wunless the context requires otherwise, the word
"comprise", and variations such as "comprises" and
"comprising", will be understood to imply the inclusion of a
stated integer or step or group of integers or steps but not
the exclusion of any other integer or step or group of
integers or steps.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A patch antenna assembly comprising:

a generally planar patch antenna defining a first
peripheral boundary;

a generally planar parasitic ground plate disposed
parallel to the patch antenna and in spaced relation
thereto, the patch antenna being aligned off-center with
respect to the ground plate; and

a conductive parasitic shielding element for
segregating electromagnetic fields between the patch antenna
and the ground plate, the shielding element being in
electrical communication with the ground plate, extending
from the ground plate, and disposed substantially about the

first peripheral boundary of the patch antenna.

2. The antenna assembly of Claim 1 wherein the shielding
element comprises a plurality of vias for segregating
electromagnetic fields between the patch antenna and the

ground plate.

3. The antenna assembly of Claim 2 wherein the vias being
elongated and cylindrical in shape.

4. The antenna asgembly of Claim 2 wherein the antenna
being sized and configured for a particular electromagnetic
wavelength and respective ones of the plurality vias being

spaced approximately one twenty-fifth wavelength apart.

5. The antenna assembly of Claim 1 wherein the antenna
being sized and configured for a particular electromagnetic
wavelength and the antenna and the ground plate being spaced
approximately one twenty-fifth wavelength apart.
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6. The antenna assembly of Claim 5 further comprising a
dielectric material interposed between the antenna and the
ground plate, the dielectric material having a dielectric
constant of four.

7. The antenna assembly of Claim 1 wherein the shielding
element having a height extending from the
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ground plate approximately equal to the spacing between
the patch antenna and the ground plate.

8. The patch antenna assembly of Claim 1 wherein
the patch antenna having a rectangular geometry.

9. The patch antenna assembly of Claim 8 wherein
the patech antenna having first length and a first width
and the ground plate having a second length and a second
width, the second length being approximately twice the
first length and the second width being approximately
twice the first width.

10. The patch antenna assembly of Claim 8 wherein
the patch antenna having first length and a first width
and the ground plate having a second length and a second
width, the second length being less than twice the first
length and the second width being less than twice the
first width.

11. The patch antenna assembly of Claim 1 wherein
the patch antenna having a first surface area and the
ground plate having a second surface area, the second
surface area being approximately four times the first
surface area.

12. The patch antenna assembly of Claim 1 wherein
the ground plate defining a second peripheral boundary
larger than the first peripheral boundary of the patch
antenna.

13. The patch antenna assembly of Claim 1 wherein
the patch antenna being a linearly polarized antenna.

14. The patch antenna assembly of Claim 1 wherein
the patch antenna being a circularly polarized antenna.

15. The patch antenna assembly of Claim 1 wherein
the patch antenna having a circular geometry.

16. The antenna assembly of Claim 1 wherein the
patch antenna and the ground plate being formed on a
dielectric substrate.

17. The antenna assembly of Claim 1 wherein the
patch antenna and the ground plate being formed of a
metallic material.

suIruinre ALEer
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18. The antenna assembly of Claim 17 wherein the shielding
element being formed of a metallic material.

19. The antenna assembly of Claim 1 further comprising a
generally planar gignal generating layer for generating a
transmission signal, the signal gdenerating layer having
signal generating circuitry in electrical communication with

the patch antenna.

20. The antenna assembly of Claim 19 wherein the shielding
element extends from the ground plate to the signal
generating layer for shielding the signal generating
circuitry from external signals.

21. The antenna assembly of Claim 19 further comprising a
via extending from the signal generating circuitry and
through the ground plate and terminating at the patch
antenna for facilitating electrical communication between

the signal generating circuitry and the patch antenna.

22. The antenna assembly of Claim 1 further comprising a
generally planar signal processing layer for processing a
signal received with the patch antenna, the signal
processing layer having signal processing circuitry in

electrical communication with the patch antenna.

23. The antenna assembly of Claim 22 wherein the shielding
element extends from the ground plate to the signal
processing layer for shielding the signal processing
circuitry from external signals.

24. The antenna assembly of Claim 22 further comprising a
via extending from the signal processing circuitry and
through the ground plate and terminating at the patch
antenna for facilitating electrical communication between

the signal processing circuitry and the patch antenna.
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25. A patch antenna assembly comprising:

a generally planar patch antenna defining a first
peripheral boundary;

a generally planar parasitic ground plate disposed
parallel to the patch antenna and in spaced relation
thereto, the patch antenna being aligned off-center with
respect to the ground plate; and

at least one conductive parasitic shielding element for
segregating electromagnetic fields between the patch antenna
and the ground plate, the shielding element being in
electrical communication with the ground plate, extending
from the ground plate, and digposed exterior to the first
peripheral boundary of the patch antenna.

26. A patch antenna array comprising a plurality of patch
antenna assemblies, each of the patch antenna assemblies
comprising:

a generally planar patch antenna defining a first
peripheral boundary;

a generally planar parasitic ground plate disposed
parallel to the patch antenna and in spaced relation
thereto, the patch antenna being aligned off-center with
respect tc the ground plate; and

at least one conductive parasitic shielding element for
segregating electromagnetic fields between the patch antenna
and the ground plate, the shielding element being in
electrical communication with the ground plate, extending
from the ground plate, and disposed exterior to the first

peripheral boundary of the patch antenna.

27. A method of making a patch antenna assembly comprising
the steps of:

(a) providing a generally planar dielectric substrate
having first and second sides;

(b) affixing a conductive material to the first and

second sides of the dielectric substrate;
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(¢) removing a portion of the conductive material from
the first side so as to form a patch antenna from the
remaining conductive material which is defined by a first
peripheral boundary, the patch antenna being aligned off-
centre with respect to the dielectric substrate;

(d) drilling a plurality of holes through the
dielectric substrate about the first peripheral boundary of
the patch antenna; and

{(e) filling the holes with a conductive material.

28. The method of Claim 27 wherein step (b) comprises
affixing the conductive material wusing a metal plating

process.

29. The methed of Claim 27 wherein step (c) comprises
removing a portion of the conductive material using an

etching process.

30. The method of Claim 27 wherein step (c) further
comprises removing a portion of the conductive material from
the first side of the dielectric substrate to form a
plurality of discs having a first diameter from the
remaining conductive material and step (d) further comprises
drilling a plurality of holes through the discs and the
dielectric substrate, the holes having a second diameter

less than the first diameter of the discs.

31. The method of Claim 30 wherein step (e) comprises
filling the holes so as to electrically connect the discs to
the conductive material on the second side of the dielectric
substrate.

32. The method of Claim 27 wherein step (e) comprises
filling the holes using a metal plating process.
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33. A patch antenna assembly comprising:

a generally planar patch antenna defining a first
peripheral boundary;

a generally planar parasitic ground plate disposed

5 parallel to the patch antenna and in spaced relation
thereto;

a conductive parasitic shielding element for
segregating electromagnetic fields between the patch antenna
and the ground plate, the shielding element being in

10 electrical communication with the ground plate, extending
from the ground plate, and disposed substantially about the
first peripheral boundary of the patch antenna;

a generally planar signal generating layer for

generating a transmission signal, the signal generating

cgeenr 15 layer having signal generating circuitry in electrical
Pl d communication with the patch antenna; and
Cree a via extending from the signal generating circuitry and
j~r-j through the ground plate and terminating at the patch
; N antenna for facilitating electrical communication between

20 the signal generating circuitry and the patch antenna.

34. The antenna asgembly of Claim 33 wherein the shielding
element comprises a plurality of vias for segregating
- electromagnetic fields between the patch antenna and the

25 ground plate.

35. The antenna assembly of Claim 34 wherein the vias being

elongated and cylindrical in shape.

30 36. The antenna assembly of Claim 34 wherein the antenna
being sized and configured for a particular electromagnetic
wavelength and respective ones of the plurality vias being

spaced approximately one twenty-fifth wavelength apart.

HO \
i 3%)37. The antenna assembly of Claim 33 wherein the antenna
\%\ 45§ being gsized and configured for a particular electromagnetic

Ny
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wavelength and the antenna and the ground plate being spaced

approximately one twenty-fifth wavelength apart.

38. The antenna assembly of Claim 37 further comprising a
dielectric material interposed between the antenna and the
ground plate, the dielectric material having a dielectric

constant of four.

39. The antenna assembly of Claim 33 wherein the shielding
element having a height extending from the ground plate
approximately equal to the spacing between the patch antenna
and the ground plate.

40. The antenna assembly of Claim 33 wherein the patch
antenna having a rectangular geometry.

41. The antenna assembly of claim 40 wherein the patch
antenna having first length and a first width and the ground
plate having a second length and a second width, the second
length being approximately twice the first length and the

second width being approximately twice the first width.

42. The antenna assembly of claim 40 wherein the patch
antenna having first length and a first width and the ground
plate having a second length and a second width, the second
length being less than twice the first length and the second
width being less than twice the first width.

43. The antenna assembly of Claim 33 wherein the patch
antenna having a first surface area and the ground plate
having a second surface area, the second surface area being

approximately four times the first surface area.




or .
o ee
seen
eene

s en

eves
. .

10

15

20

QIOPERGCPS202 ke doc-02/05/02

-19.

45, The antenna assembly of Claim 33 wherein the patch

antennas being a linearly polarized antenna.

46. The antenna assembly of Claim 33 wherein the patch
antenna being a circularly polarized antenna.

47. The antenna assembly of Claim 33 wherein the patch

antenna having a circular geometry.

48. The antenna assembly of Claim 33 wherein the patch
antenna and the ground plate being formed on a dielectric

substrate.

49, The antenna assembly of Claim 33 wherein the patch
antenna and the ground plate being formed of a metallic

material.

50. The antenna assembly of Claim 49 wherein the shielding

element being formed of a metallic material.

51. The antenna assembly of Claim 33 wherein the patch
antenna being aligned off-center with respect to the ground
plate.

52. The antenna assembly of Claim 33 wherein the shielding
element extends from the ground plate to the signal
generating layer for ©shielding for signal generating

circuitry from external signals.

53. The antenna assembly of Claim 33 further comprising a
generally planar signal processing layer for processing a
signal 1received with the patch antenna, the signal

processing layer having signal processing circuitry in

,/éri;?\\
29 3 \ electrical communication with the patch antenna.
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54. The antenna assembly of Claim 53 wherein the shielding
element extends from the ground plate to the signal
processing layer for shielding the signal ©processing

circuitry from external signals.

55. The antenna assembly of Claim 53 further comprising a
via extending from the signal processing circuitry and
through the ground plate and terminating at the patch
antenna for facilitating electrical communication between

the signal processing circuitry and the patch antenna.

56. A patch antenna assembly comprising:

a generally planar patch antenna defining a first
peripheral boundary;

a generally planar parasitic ground plate disposed
parallel to the patch antenna and in spaced relation
thereto;

at least one conductive parasitic shielding element for
segregating electromagnetic fields between the patch antenna
and the ground plate, the shielding element being in
electrical communication with the ground plate, extending
from the ground plate, and disposed exterior to the first
peripheral boundary of the patch antenna;

a generally planar signal <generating layer for
generating a transmission signal, the signal generating
layer having signal generating circuitry in electrical
communication with the patch antenna;

a via extending from the signal generating circuitry
and through the ground plate and terminating at the patch
antenna for facilitating electrical communication between

the signal generating circuitry and the patch antenna.

57. A patch antenna array comprising a plurality of patch
antenna assemblies, each of the patch antenna assemblies
comprising:

a generally planar patch antenna defining a first
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peripheral boundary;

a generally planar parasitic ground plate disposed
parallel to the patch antemna and in spaced relation
thereto;

at least one conductive parasitic shielding element for
segregating electromagnetic fields between the patch antenna
and the ground plate, the shielding element being in
electrical communication with the ground plate, extending
from the ground plate, and disposed exterior to the first
peripheral boundary of the patch antenna;

a generally planar signal generating layer for
generating a transmission signal, the signal generating
layer having signal generating circuitry in electrical
communication with the patch antenna; and

a via extending from the signal generating circuitry
and through the ground plate and terminating at the patch
antenna for facilitating electrical communication between

the signal generating circuitry and the patch antenna.

58. A patch antenna assembly substantially as hereinbefore

described with reference to the accompanying drawings.

59. A method of making a ©patch antenna assembly
substantially as hereinbefore described with reference to

the accompanying drawings.

DATED this 2nd day of May, 2002

NORTHROP GRUMMAN CORPORATION
By its Patent Attorneys
DAVIES COLLISON CAVE
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