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TREE TRUNKANTENNA 

CROSS-REFERENCE TO RELATED 
APPLICATION 

The present application claims priority to U.S. Provisional 
Patent Application Ser. No. 60/967,043 filed Aug. 31, 2007, 
the disclosure of which is incorporated herein by reference in 
its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention generally relates to antennas, and 

more particularly to patch antennas. 
2. Brief Discussion of Related Art 
Patch antennas can transmit and/or receive electromag 

netic waves. Free-space electromagnetic waves propagating 
through a medium, Such as air, are received by patchantennas, 
which can transform these electromagnetic waves into guided 
electromagnetic waves by inducing such waves on feedlines 
of the patch antennas. The induced guided electromagnetic 
waves can be fed into an integrated circuit that can decipher 
the information from the received waves. To transmit infor 
mation, patch antennas can generate guided electromagnetic 
waves on the feedline, which can induce an electric field 
Surrounding the antenna to form a free-space propagating 
electromagnetic wave that radiates from the patch antenna. 

Performance of a patch antenna is typically dependent on a 
distance of a patch element of the patch antenna from a 
ground plane of the patch antenna. For example, in conven 
tional patch antennas, patch elements that are spaced at a 
closer distance to the ground plane generally have a higher 
quality factor (Q) than patch elements spaced at greater dis 
tance from the ground plane. As a result, the bandwidth of a 
conventional patch antenna decreases as patch elements 
move closer to the ground plane and increases as the patch 
elements move farther away from the ground plane. 

Conventional feedline configurations can have the effect of 
limiting the bandwidth by introducing reactance and, in cer 
tain cases, by introducing its own radiation effects. As a 
result, the performance of conventional patch antennas is 
generally limited by these conventional feedline configura 
tions. Thus, there is a desire for patch antennas that reduce 
and/or eliminate deleterious effects offeedline configurations 
to improve the performance of patch antennas. 

SUMMARY OF THE INVENTION 

In some aspects, a patch antenna that includes a patch 
element, a ground plane, a feedline, and an electromagnetic 
shield is disclosed. The patch element transmits and/or 
receives an electromagnetic signal. The ground plane is 
spaced at a specified distance from the patch element. The 
feedline guides the electromagnetic signal and extends 
through an opening in the ground plane and to the patch 
element. The feedline is electrically coupled to the patch 
element to guide an electromagnetic signal to or from the 
patch element. The electromagnetic shield extends, at least 
partially, between the ground plane and the patch element and 
is electrically coupled to the ground plane. The electromag 
netic shield is configured to control an impedance associated 
with the feedline between the ground plane and the patch 
element. 

In another aspect, a device for transmitting an electromag 
netic signal and/or receiving an electromagnetic signal is 
disclosed. The device includes a first conductor, a second 
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2 
conductor, a third conductor, and a fourth conductor. The first 
and second conductors have a substantially planar configura 
tion. The second conductor is spaced away from, and Sub 
stantially parallel to, the first conductor. The third conductor 
extends through an opening in the second conductor and to 
the first conductor. The third conductor is electrically coupled 
to the patch element to guide an electromagnetic signal to the 
patch element. The fourth conductor is coaxially disposed 
about the third conductor and at least partially extends 
between the ground plane and the patch element. The fourth 
conductor is electrically coupled to the second conductor to 
control an impedance associated with the third conductor. 

In yet another aspect, a method of forming a patch antenna 
is disclosed. The method includes disposing a patch element 
on a Substrate. The patch element has a Substantially planar 
configuration and is formed of a conductive material. The 
method also includes forming a ground plane that has a Sub 
stantially planar configuration and that is formed of a con 
ductive material. The ground plane is Substantially parallel to, 
and spaced apart from, the patch element to form a space 
between the ground plane and the patch element. The method 
further includes forming a feeding network for carrying 
guided electromagnetic waves and controlling an impedance 
of the feedline with an electromagnetic shield disposed 
between the ground plane and the patch element. The feeding 
network includes a feedline extending through the ground 
plane and the Substrate and is electrically coupled to the patch 
element. The electromagnetic shield is electrically coupled to 
the ground plane. 

Other objects and features of the present invention will 
become apparent from the following detailed description 
considered in conjunction with the accompanying drawings. 
It is to be understood, however, that the drawings are designed 
as an illustration only and not as a definition of the limits of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts a side cross-sectional view of a patch 
antenna in accordance with a preferred embodiment of the 
present invention. 

FIG. 2 depicts a top and side view of the patch antenna of 
FIG 1. 

FIG. 3 depicts another top and side view of the patch 
antenna of FIG. 1. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments of the inventions include patch 
antennas that reduce and/or eliminate deleterious effects of 
feedline configurations of conventional patch antennas. The 
patch antennas can include one or more conductive patch 
elements configured to extend generally parallel to a ground 
plane. The patch elements are generally spaced at a specified 
distance from a ground plane. Feedlines can be routed 
through openings in the ground plane and can be attached to 
patch elements. The feedlines can be implemented using 
coaxial cable having a center conductor and an outer conduc 
tor, which can be used to provide a grounded electromagnetic 
shield. Depending on the application, patch antennas can 
include a single radiating patch element or an array of patch 
elements. Patch antennas can provide a low-profile, light 
weight structure that can easily be manufactured. 

FIGS. 1-3 depict a patch antenna 100 that includes one or 
more patch elements 110, substrate 120, ground plane 130, 
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microstrip feeding network 140 including feedline 150, 
which can have one or more coaxial cable sections 160. 

The patch elements 110, substrate 120, and ground plane 
130 preferably have a planar configuration. The patch ele 
ments 110 are preferably disposed on the substrate 120. In 
one embodiment, an array of patch elements 110 can be 
formed, where each patch element 110 of the array is spaced 
at a specified distance from the other patch elements 110 of 
the array. The patch elements 110 and substrate 120 are pref 
erably positioned at a fixed distance away from the ground 
plane 130 to create a space 170 that is filled with a medium, 
such as air. The substrate 120 and the space 170 form two 
dielectrics of the patch antenna 100 between the patch ele 
ments 110 and the ground plane 130. Standoffs 210, as shown 
in FIGS. 2 and 3, or other support structures, can be used to 
maintain the distance between the patch elements 110 and the 
ground plane 130. The standoffs 210 preferably extend in a 
generally orthogonal manner between the substrate 120 and 
the ground plane 130 in the space 170. 

The substrate 120 and the ground plane 130 preferably 
have openings 122 and 132, respectively, for receiving at least 
a portion of the coaxial cable section 160. The openings 122 
in the substrate 120 are preferably positioned under at least a 
portion of the patch elements 110. The ground plane 130 can 
include an inner surface 134 and an outer surface 136. 
A transmission line that feeds the patch elements 110 is 

preferably formed from the microstrip feeding network 140 
including the feedline 150, which can have the coaxial cable 
section 160. The microstrip feeding network 140 shares the 
same ground as the radiating patch elements 110, but the 
ground of the patch elements 110 is electrically coupled to the 
inner surface 134 of the ground plane 130 and the ground of 
the micro feeding network 140 is electrically coupled to the 
outer surface 136 of the ground plane 130 so that the grounds 
are on opposite sides of the ground plane 130. The electrical 
coupling can be formed using solder, or other Suitable tech 
niques. 
The openings 122 and 132 are preferably aligned so that a 

portion of the coaxial cable section 160 is operatively coupled 
between the patch elements 110 and the microstrip feeding 
network 140. The microstrip feeding network 140, and more 
specifically, the feedline 150, preferably carries guided elec 
tromagnetic waves that represent a signal to be radiated by the 
patch antenna 100 as a free-space electromagnetic wave and/ 
or signals received by the patch antenna. 
The coaxial cable sections 160 preferably include a center 

conductor 152 and an outer conductor 164, which can provide 
a grounded electromagnetic shield for the center conductor. 
Each center conductor 162 of the coaxial cable section 160 
preferably extends from the microstrip feeding network 140, 
positioned on the outer surface of the ground plane 130, to the 
patch elements 110 through the openings 132 of the ground 
plane 130, space 170, and openings 122 of the substrate 120. 
Each center conductor 162 is preferably communicatively 
coupled to the feed network and the patch elements 110 to 
carry the guided electromagnetic wave to the patch elements 
110. 
The outer conductor 164 of the coaxial cable section 160 

preferably surrounds the center conductor 162 in a coaxial 
manner and is formed from one or more discrete conductors. 
The outer conductor 164 extends for at least a portion of the 
distance between the patch elements 110 and the ground 
plane 130 and preferably extends from the ground plane to the 
substrate 120. The outer conductor 164 is preferably electri 
cally coupled to the ground plane 130. As a result, the ground 
of the antenna is composed of the ground plane 130, which 
can be formed from a generally planer metallic sheet under, 
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4 
and spaced away from, the patch elements 110, and the outer 
conductors 164 of the coaxial cable 160. This configuration 
advantageously enables precise control of the impedance 
associated with the transmission line until it reaches the patch 
elements 110. 

Extending the outer conductor 164 of the coaxial cable 
section 160 can reduce and/or eliminate reactive and radiation 
effects associated with conventional feedlines without dimin 
ishing the frequency bandwidth of operation. As such, del 
eterious effects associated with conventional feedline con 
figurations are reduced and/or eliminated. 
The preferred configuration disclosed in FIG. 1-3 can be 

used to form an array of patch elements 110 in the patch 
antenna100. As a result of the preferred configuration, a large 
separation between the patch elements 110 and the ground 
plane 130 can be used while avoiding impedance variation 
that can occur before the transmission line reaches the patch 
elements; thereby maintaining a good Voltage Standing Wave 
Ratio (VSWR). Thus, the disclosed configuration can be 
advantageously used to implement an antenna with a wide 
frequency of operation. 

Although illustrative embodiments of the present invention 
have been described herein with reference to the accompany 
ing drawings, it is to be understood that the invention is not 
limited to those precise embodiments, and that various other 
changes and modifications may be affected therein by one 
skilled in the art without departing from the scope or spirit of 
the invention. 

What is claimed is: 
1. A patch antenna comprising: 
a patch element for at least one of transmitting and receiv 

ing an electromagnetic signal; 
a first dielectric element disposed adjacent to the patch 

element; 
a ground plane spaced at a specified distance from the first 

dielectric element to form a space between the first 
dielectric element and the ground plane, the patch ele 
ment being disposed outside of the space; 

a second dielectric element disposed in the space; 
a feedline for guiding the electromagnetic signal, the feed 

line extending through an opening in the ground plane, 
the second dielectric element, and the first dielectric 
element to the patch element, the feedline being electri 
cally coupled to the patch element to guide an electro 
magnetic signal to or from the patch element; and 

an electromagnetic shield extending, at least partially, into 
the second dielectric element, the electromagnetic 
shield being electrically coupled to the ground plane and 
shielding at least a portion of the feedline from the 
electromagnetic radiation to control an impedance asso 
ciated with the feedline in the second dielectic element, 
wherein the electromagnetic shield is bounded by the 
ground plane and the first dielectric so that the feedline 
is at least partially shielded through the second dielectric 
and is unshielded through the first dielectric. 

2. The patch antenna of claim 1, wherein the electromag 
netic shield substantially surrounds the feedline. 

3. The patch antenna of claim 1, wherein the electromag 
netic shield is positioned coaxially with relation to the feed 
line. 

4. The patch antenna of claim 1 further comprising: 
a Substrate upon which the patch element is disposed; and 
a medium disposed between the Substrate and the ground 

plane, 
wherein the electromagnetic shield surrounds the feedline 

between the ground plane and the Substrate. 
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5. The patch antenna of claim 1 further comprising: 
an array of patch elements, the patch elements of the array 

being coplanar with respect to each other and begin 
spaced a specified distance from each other. 

6. The patch antenna of claim 1, wherein the electromag 
netic shield is formed from a plurality of discrete electrical 
conductors. 

7. The patch antenna of claim 1, wherein the electromag 
netic shield is formed from a single continuous electrical 
conductor. 

8. A device for at least one of transmitting an electromag 
netic signal and receiving an electromagnetic signal compris 
ing: 

a first conductor having a substantially planar configura 
tion; 

a first dielectric material disposed adjacent to the first con 
ductor and having a Substantially planar configuration; 

a second conductor having a Substantially planar configu 
ration, the second conductor being spaced away from, 
and substantially parallel to, the first dielectric material 
to form a space between the first dielectric material and 
second conductors; 

a second dielectric material disposed in the space; 
a third conductor extending through an opening in the 

second conductor into and across the second dielectric 
material and the first dielectric material and to the first 
conductor, the third conductor being electrically 
coupled to the first conductor to guide an electromag 
netic signal to the first conductor; and 

a fourth conductor coaxially disposed about the third con 
ductor within the second dielectric material, the fourth 
conductor extending into the second dielectric material 
so that the fourth conductor is bounded by the second 
conductor and the first dielectric material, the fourth 
conductor being electrically coupled to the second con 
ductor and shielding at least a portion of the third con 
ductor from electromagnetic radiation to control an 
impedance associated with the third conductor in the 
second dielectric material, the third conductor being at 
least partially shielded through the second dielectric 
material and being unshielded through the first dielectric 
material. 

9. The device of claim 8, wherein the fourth conductor 
substantially surrounds the third conductor. 

10. The device of claim 8 further comprising: 
a Substrate upon which the first conductor is disposed; and 
a medium disposed between the Substrate and the second 

conductor, 
wherein the fourthconductor surrounds the third conductor 

between the second conductor and the substrate. 
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11. The device of claim 8 further comprising: 
an array of conductive elements that includes the first con 

ductor, the conductive elements of the array being copla 
nar with respect to each other and begin spaced a speci 
fied distance from each other. 

12. The device of claim 8, wherein the fourth conductor is 
formed from a plurality of discrete electrical conductors. 

13. The device of claim 8, wherein the fourth conductor is 
formed from a single continuous electrical conductor. 

14. A method of forming a patch antenna comprising: 
disposing a patch element on a Substrate, the patch element 

having a Substantially planarconfiguration and compris 
ing a conductive material, the Substrate having a Sub 
stantially planar configuration and comprising a first 
dielectric material; 

forming a ground plane, the ground plane having a Sub 
stantially planar configuration and comprising a con 
ductive material, the ground plane being Substantially 
parallel to, and spaced apart from the Substrate to form a 
space between the ground plane and the Substrate, a 
second dielectric material being disposed in the space; 

forming a feeding networkfor carrying guided electromag 
netic waves, the feeding network including a feedline 
extending through the ground plane, the second dielec 
tric material, and the Substrate, and being electrically 
coupled to the patch element; 

controlling an impedance of the feedline with an electro 
magnetic shield disposed within the space between the 
ground plane and the Substrate, the electromagnetic 
shield being bounded by the ground plane and the sub 
strate and being electrically coupled to the ground plane, 
at least a portion of the feedline being shielded from the 
electromagnetic radiation through the second dielectric 
material and being unshielded through the first dielectric 
material. 

15. The method of claim 14 further comprising substan 
tially surrounding feedline with the electromagnetic shield 
between the ground plane and the Substrate. 

16. The method of claim 14 further comprising positioning 
the electromagnetic shield with relation to the feedline. 

17. The method of claim 14 further comprising disposing 
an array of patch elements on the Substrate, the patch ele 
ments of the array being coplanar with respect to each other 
and begin spaced a specified distance from each other. 

18. The method of claim 14 further comprising forming the 
electromagnetic shield from a plurality of discrete electrical 
conductors. 

19. The method of claim 14 further comprising forming the 
electromagnetic shield from a single continuous electrical 
conductor. 


