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(54) ISOLATION OF POLARIZATIONS IN MULTI-POLARIZED SCANNING PHASED ARRAY 
ANTENNAS

(57) A multi-polarized phased array antenna in-
cludes an element, a first feed line, a second feed line,
a first phase shifter, and a second phase shifter. The
element is fed with a first polarization signal at first and
third angles, and a second polarization signal at second
and fourth angles. One of the first polarization signal and
second polarization signal is cancelled at a feed point in
at least one of a first feed line and second feed line by

operation of the first phase shifter, second phase shifter,
first angle, second angle, third angle, and fourth angle.
The first phase shifter provides a first 180° phase shift
between the first and third angles, and the second phase
shifter provides a second 180° phase shift between the
second and fourth angles. A corresponding method of
increasing isolation between polarizations in the mul-
ti-polarized phased array antenna is also provided.
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Description

BACKGROUND

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is a continuation-in-part appli-
cation of United States Application No. 13/479,928, filed
May 24, 2012, which claims the benefit of United States
Provisional Application No. 61/609,619, filed March 12,
2012, the disclosures of which are incorporated by ref-
erence herein in their entireties

Field

[0002] Embodiments of the invention generally relate
to antennas and, more particularly, relate to devices and
methods which increase isolation between polarizations
associated with phased array antennas.

Related Art

[0003] One of the major challenges in antenna design
is to provide the highest gain in the smallest possible
area.

SUMMARY

[0004] Various embodiments of the invention relate to
a device, method, and system to increase isolation be-
tween different polarizations associated with a phased
array antenna. A multi-polarized scanning phased array
antenna includes a plurality of elements, a horizontal feed
line operatively coupled to the plurality of elements, and
a vertical feed line operatively coupled to the plurality of
elements.
[0005] A multi-polarized scanning phased array anten-
na is provided, which includes a plurality of elements, a
first feed line operatively coupling the plurality of ele-
ments, a second feed line operatively coupling the plu-
rality of elements, and a phase delay operatively coupled
in at least one of the first feed line and the second feed
line. The phase delay is configured to cancel a polarized
signal associated with the multi-polarized scanning
phased array antenna.
[0006] The plurality of elements may include a first el-
ement, second element, third element, and fourth ele-
ment. A first set of elements may include the first and
second elements, a second set of elements may include
the third and fourth elements, a third set of elements may
include the first and third elements, and a fourth set of
elements may include the second and fourth elements.
The phase delay may include a first phase delay opera-
tively coupled in the first feed line between the third and
fourth sets of elements, and a second phase delay op-
eratively coupled in the second feed line between the
first and second sets of elements. At least one of the first
and second phase delays may include a 180° phase shift.

The first, second, third, and fourth elements may be op-
eratively coupled by the second feed line and the first
feed line.
[0007] The phase delay may include a first phase delay
operatively coupled in the first feed line between the third
and fourth sets of elements, a second phase delay op-
eratively coupled in the second feed line between the
first and second elements, and a third phase delay op-
eratively coupled in the second feed line between the
third and fourth elements. The first phase delay may in-
clude a 180° phase shift, the second phase delay may
include a 180° phase shift, and the third phase delay may
include a 180° phase shift and at least one θ° phase shift,
wherein θ° represents an angle of elevation scanning.
[0008] The phase delay may include a first phase delay
operatively coupled in the second feed line between the
first and second sets of elements, a second phase delay
operatively coupled in the first feed line between the first
and third elements, and a third phase delay operatively
coupled in the first feed line between the second and
fourth elements. The first phase delay may include a 180°
phase shift, the second phase delay may include a 180°
phase shift, and the third phase delay may include a 180°
phase shift and at least one θ° phase shift, wherein θ°
represents an angle of azimuth scanning.
[0009] The phase delay may include a first phase delay
operatively coupled in the first feed line between the first
and third elements, a second phase delay operatively
coupled in the first feed line between the second and
fourth elements, a third phase delay operatively coupled
in the second feed line between the first and second el-
ements, and a fourth phase delay operatively coupled in
the second feed line between the third and fourth ele-
ments. The first phase delay may include a 180° phase
shift, the second phase delay may include a 180° phase
shift and at least one θ2° phase shift, the third phase
delay may include a 180° phase shift, and the fourth
phase delay may include a 180° phase shift and at least
one θ1° phase shift, wherein θ1° represents an angle of
elevation scanning and θ2° represents an angle of azi-
muth scanning.
[0010] The plurality of elements may include a patch
antenna. The first feed line may be configured to at least
one of transmit and receive at least one of a vertically
polarized signal, horizontally polarized signal, right-hand
clockwise circularly polarized signal, and left-hand coun-
terclockwise circularly polarized signal. The second feed
line may be configured to at least one of transmit and
receive at least one of a vertically polarized signal, hor-
izontally polarized signal, right-hand clockwise circularly
polarized signal, and left-hand counterclockwise circu-
larly polarized signal. The first feed line may be config-
ured to be a horizontal feed line, and the second feed
line may be configured to be a vertical feed line.
[0011] A method of increasing isolation between po-
larizations in a multi-polarized scanning phased array an-
tenna is provided, which includes coupling a plurality of
elements operatively with a first feed line, coupling the
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plurality of elements operatively with a second feed line,
and coupling a phase delay operatively in at least one of
the first feed line and the second feed line such that a
polarized signal associated with the multi-polarized scan-
ning phased array antenna is cancelled.
[0012] Coupling the phase delay may include coupling
a first phase delay operatively in the first feed line be-
tween the third and fourth sets of elements, and coupling
a second phase delay operatively in the second feed line
between the first and second sets of elements. At least
one of the first and second phase delays may include a
180° phase shift.
[0013] Coupling the phase delay may include coupling
a first phase delay operatively in the first feed line be-
tween the third and fourth sets of elements, coupling a
second phase delay operatively in the second feed line
between the first and second elements, and coupling a
third phase delay operatively in the second feed line be-
tween the third and fourth elements. The first phase delay
may include a 180° phase shift, the second phase delay
may include a 180° phase shift, and the third phase delay
may include a 180° phase shift and at least one θ° phase
shift, wherein θ° represents an angle of elevation scan-
ning. The method may include coupling the first, second,
third, and fourth elements operatively by the second feed
line, and coupling the first, second, third, and fourth ele-
ments operatively by the first feed line.
[0014] Coupling the phase delay may include coupling
a first phase delay operatively in the second feed line
between the first and second sets of elements, coupling
a second phase delay operatively in the first feed line
between the first and third elements, and coupling a third
phase delay operatively in the first feed line between the
second and fourth elements. The first phase delay may
include a 180° phase shift, the second phase delay may
include a 180° phase shift, and the third phase delay may
include a 180° phase shift and at least one θ° phase shift,
wherein θ° represents an angle of azimuth scanning.
[0015] Coupling the phase delay may include coupling
a first phase delay operatively in the first feed line be-
tween the first and third elements, coupling a second
phase delay operatively in the first feed line between the
second and fourth elements, coupling a third phase delay
operatively in the second feed line between the first and
second elements, and coupling a fourth phase delay op-
eratively in the second feed line between the third and
fourth elements. The first phase delay may include a 180°
phase shift, the second phase delay may include a 180°
phase shift and at least one θ2° phase shift, the third
phase delay may include a 180° phase shift, and the
fourth phase delay may include a 180° phase shift and
at least one θ1° phase shift, wherein θ1° represents an
angle of elevation scanning and θ2° represents an angle
of azimuth scanning.
[0016] The method may include configuring the first
feed line to at least one of transmit and receive at least
one of a vertically polarized signal, horizontally polarized
signal, right-hand clockwise circularly polarized signal,

and left-hand counterclockwise circularly polarized sig-
nal. The method may include configuring the second feed
line to at least one of transmit and receive at least one
of a vertically polarized signal, horizontally polarized sig-
nal, right-hand clockwise circularly polarized signal, and
left-hand counterclockwise circularly polarized signal.
The method may include configuring the first feed line to
be a horizontal feed line, and configuring the second feed
line to be a vertical feed line.
[0017] A multi-polarized phased array antenna is pro-
vided, which includes an element, a first feed line, a sec-
ond feed line, a first phase shifter, and a second phase
shifter. The element is fed with a first polarization signal
at a first angle, a second polarization signal at a second
angle, the first polarization signal at a third angle, and
the second polarization signal at a fourth angle. The first
polarization signal includes a first polarization, and the
second polarization signal includes a second polariza-
tion. The first polarization is different from the second
polarization. The first feed line operatively couples the
first polarization signal to the element, and the first feed
line is associated with the first polarization. The second
feed line operatively couples the second polarization sig-
nal to the element, and the second feed line is associated
with the second polarization. The first phase shifter is
operatively coupled in the first feed line, and the second
phase shifter is operatively coupled in the second feed
line. One of the first polarization signal and the second
polarization signal is cancelled at a feed point in at least
one of the first feed line and the second feed line by op-
eration of the first phase shifter, second phase shifter,
first angle, second angle, third angle, and fourth angle.
At least one of the first phase shifter and the second
phase shifter includes at least one of a digital phase shift-
er and analog phase shifter. The analog phase shifter
includes at least one length of conductor in addition to
that required to couple at least one of (1) the first feed
line across the first phase shifter and (2) the second feed
line across the second phase shifter using a straight con-
ductor. The first phase shifter provides a first 180° phase
shift between the first and third angles, and the second
phase shifter provides a second 180° phase shift be-
tween the second and fourth angles.
[0018] The first feed line may be bent in only right an-
gles, and the second feed line may be bent in only right
angles. The element may be a patch antenna. The first
feed line may at least one of transmit and receive at least
one of a vertically polarized signal, horizontally polarized
signal, right-hand clockwise circularly polarized signal,
and left-hand counterclockwise circularly polarized sig-
nal. The second feed line may at least one of transmit
and receive at least one of a vertically polarized signal,
horizontally polarized signal, right-hand clockwise circu-
larly polarized signal, and left-hand counterclockwise cir-
cularly polarized signal. The first feed line may be a hor-
izontally polarized feed line, and the second feed line
may be a vertically polarized feed line.
[0019] A method of increasing isolation between po-
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larizations in a multi-polarized phased array antenna in-
cludes coupling an element operatively to a first polari-
zation signal using a first feed line, coupling the element
operatively to the second polarization signal using a sec-
ond feed line, coupling a first phase shifter operatively in
the first feed line, and coupling a second phase shifter
operatively in the second feed line. The element is fed
with the first polarization signal at a first angle, a second
polarization signal at a second angle, the first polarization
signal at a third angle, and the second polarization signal
at a fourth angle. The first polarization signal includes a
first polarization, and the second polarization signal com-
prising a second polarization. The first polarization is dif-
ferent from the second polarization. The first feed line is
associated with the first polarization, and the second feed
line is associated with the second polarization. At least
one of the first phase shifter and the second phase shifter
includes at least one of a digital phase shifter and an
analog phase shifter. The analog phase shifter includes
at least one length of conductor in addition to that required
to couple at least one of (1) the first feed line across the
first phase shifter using a straight conductor 1 and (2)
the second feed line across the second phase shifter
using a straight conductor. The at least one length of
conductor provides a phase shift. The first phase shifter
provides a first 180° phase shift between (1) the first and
third angles, and the second phase shifter provides a
second 180° phase shift between the second and fourth
angles.
[0020] The first feed line may be bent in only right an-
gles, and the second feed line may be bent in only right
angles. The method may include configuring the first feed
line to at least one of transmit and receive at least one
of a vertically polarized signal, horizontally polarized sig-
nal, right-hand clockwise circularly polarized signal, and
left-hand counterclockwise circularly polarized signal.
The method may include configuring the second feed line
to at least one of transmit and receive at least one of a
vertically polarized signal, horizontally polarized signal,
right-hand clockwise circularly polarized signal, and left-
hand counterclockwise circularly polarized signal. The
method may include configuring the first feed line to be
a horizontally polarized feed line, and configuring the sec-
ond feed line to be a vertically polarized feed line.
[0021] Other embodiments of the invention will be-
come apparent from the following detailed description
considered in conjunction with the accompanying draw-
ings. It is to be understood, however, that the drawings
are designed as an illustration only and not as a definition
of the limits of any embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The following drawings are provided by way of
example only and without limitation, wherein like refer-
ence numerals (when used) indicate corresponding ele-
ments throughout the several views, and wherein:

Figure 1 shows an antenna having vertical and hor-
izontal polarization feed lines without azimuth or el-
evation scanning in accordance with a first embod-
iment of the invention;

Figure 2 shows an antenna having vertical and hor-
izontal polarization feed lines with elevation scan-
ning in accordance with a second embodiment of the
invention;

Figure 3 shows an antenna having vertical and hor-
izontal polarization feed lines with azimuth scanning
in accordance with a third embodiment of the inven-
tion;

Figure 4 shows an antenna having vertical and hor-
izontal polarization feed lines with azimuth and ele-
vation scanning in accordance with a fourth embod-
iment of the invention; and

Figure 5 shows an antenna having vertical and hor-
izontal polarization feed lines without azimuth or el-
evation scanning in accordance with a fifth embod-
iment of the invention.

[0023] It is to be appreciated that elements in the fig-
ures are illustrated for simplicity and clarity. Common but
well-understood elements that are useful or necessary
in a commercially feasible embodiment are not shown in
order to facilitate a less hindered view of the illustrated
embodiments.

DETAILED DESCRIPTION

[0024] In the case of dual polarized antennas, such as
antennas utilizing linear and circular polarization, reduc-
tions in area are achieved by introducing both polariza-
tions in a plurality of single elements associated with the
phased array or, in the case of two separate elements
each having a single polarization, by providing dual po-
larizations that occupy the same area. To do this, the
polarizations (such as vertical and horizontal) are provid-
ed by the same antenna element. However, proximity
between phased array elements creates additional chal-
lenges, such as maintaining isolation between polariza-
tions. Accordingly, embodiments of the invention im-
prove isolation between different polarizations in multi-
polarized phased array antennas. Embodiments of the
invention also cancel a polarization signal while another
polarization signal is active.
[0025] Figure 1 shows an antenna 10 having vertical
and horizontal polarization feed lines without azimuth or
elevation scanning. The antenna 10 transmits and re-
ceives in two polarizations, such as two linear polariza-
tions, such as vertical and horizontal polarizations. How-
ever, embodiments of the invention are equally applica-
ble to circular polarizations. Line 12 represents a vertical
polarization feed line, line 14 represents a horizontal po-
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larization feed line, and squares represent antenna ele-
ments 16. Feed points V1, V2, V3, V4 represent vertical
polarization feed points 18, and feed points H1, H2, H3,
H4 represent horizontal polarization feed points 20. Con-
nection points A, B, C represent connection points 22 for
the vertical polarization feed line 12, and connection
points X, Y, Z represent connection points 24 for the hor-
izontal polarization feed line 14.
[0026] Figure 1 shows an embodiment of the invention
including a single element for dual linear polarization,
which is equally applicable to all types of antennas. Sig-
nals arriving from connection point A to connection point
C and connection point X to connection point Z experi-
ence an additional 180-degree phase shift 26, 28, re-
spectively, either due to an additional length of conductor
26, 28 for a narrowband signal or a phase shifter with a
180° hybrid (not shown) for a wideband signal. That is,
if the application is narrowband, such as rates up to 1.544
Mbps, the additional length of conductor is used, and if
the application is wideband, such as 64 Kbps to 2 Mbps,
the 180° hybrid is used. In broadband applications, the
180° phase shift can be added by using hybrids, digital
phase shifters, and/or analog phase shifters.
[0027] In a first example implementation of the embod-
iment shown in Figure 1, horizontal polarization is re-
ceived by the vertical feed line 12. Specifically, signal V1
is fed at vertical polarization feed point V1 20 at an angle
of 0°, signal V2 is fed at vertical polarization feed point
V2 20 at an angle of 0°, signal V3 is fed at vertical polar-
ization feed point V3 20 at an angle of 0°, and signal V4
is fed at vertical polarization feed point V4 20 at an angle
of 0°. For normalized feed signals, V1=V2=V3=V4=1.
The signal at connection point A equals V1 at 0°+V2 at
0°, and the signal at connection point B equals V3 at
0°+V4 at 0°. All four signals add at connection point C to
equal V1 at 180°+V2 at 180°+V3 at 0°+V4 at 0°. There-
fore, the signal at connection point C is equal to -V1 at
0°-V2 at 0°+V3 at 0°+V4 at 0°, which equals 0. Since the
magnitudes of the signals are equal, the signals cancel
each other, which indicate that undesirable horizontal po-
larization signal magnitudes become zero at connection
point C. Connection point C is the output of the vertical
polarization feed line while the antenna 10 is receiving.
As indicated above, no horizontal polarization signal is
received at connection point C. Thus, isolation is in-
creased to infinity, which shows that one element can be
used for both polarizations simultaneously without any
isolation issues.
[0028] In a second example implementation of the em-
bodiment shown in Figure 1, vertical polarization is re-
ceived by the vertical feed line 12. Specifically, signal V1
is fed at vertical polarization feed point V1 at an angle of
180°, signal V2 is fed at vertical polarization feed point
V2 20 at an angle of 180°, signal V3 is fed at vertical
polarization feed point V3 20 at an angle of 0°, and signal
V4 is fed at vertical polarization feed point V4 20 at an
angle of 0°. For normalized feed signals,
V1=V2=V3=V4=1. The signal at connection point A

equals V1 at 180°+V2 at 180°, and the signal at connec-
tion point B equals V3 at 0°+V4 at 0°. All four signals add
at connection point C to equal V1 at 360°+V2 at 360°+V3
at 0°+V4 at 0°. Since a 360° degree phase shift is equiv-
alent to a 0° degree phase shift, the signal at connection
point C can be rewritten as V1 at 0°+V2 at 0°+V3 at 0°+V4
at 0°. This result indicates that a vertical polarization sig-
nal can be received and transmitted from the vertical feed
line 12 without cancellation or degradation. Connection
point C is the output of the vertical polarization feed line
12 while the antenna 10 is receiving. As indicated above,
at connection point C, the vertical signal is received with-
out cancelation or attenuation as desired while no hori-
zontal polarization signal is received. This shows that
one element can be used for both polarizations simulta-
neously without cancellation or attenuation issues.
[0029] In a third example implementation of the em-
bodiment shown in Figure 1, vertical polarization is re-
ceived by the horizontal feed line 14. Specifically, signal
H1 is fed at horizontal polarization feed point H1 18 at
an angle of 0°, signal H2 is fed at horizontal polarization
feed point H2 18 at an angle of 0°, signal H3 is fed at
horizontal polarization feed point H3 18 at an angle of 0°,
and signal H4 is fed at horizontal polarization feed point
H4 18 at an angle of 0°. For normalized feed signals,
H1=H2=H3=H4=1. The signal at connection point X
equals H1 at 0°+H2 at 0°, and the signal at connection
point Y equals H3 at 0°+H4 at 0°. All four signals add at
connection point Z to equal H1 at 180°+H2 at 0°+H3 at
180° +H4 at 0°. Therefore, the signal at connection point
Z is equal to -H1 at 0°+H2 at 0°-H3 at 0°+H4 at 0°, which
equals 0. Since the magnitudes of the signals are equal,
the signals cancel each other, which indicate that the
magnitude of undesirable vertical polarization signals be-
comes zero at point Z, which is the horizontal polarization
feed point. Therefore, complete isolation between polar-
izations is achieved in this configuration. Connection
point Z is the output of the horizontal polarization feed
line 14 while the antenna 10 is receiving. As indicated
above, no vertical polarization signal is received at con-
nection point Z. The isolation is increased to infinity,
which indicates that one element can be used for both
polarizations simultaneously without isolation issues.
[0030] In a fourth example implementation of the em-
bodiment shown in Figure 1, horizontal polarization is
received by the horizontal feed line 14. Specifically, sig-
nal H1 is fed at horizontal polarization feed point H1 at
an angle of 180°, signal H2 is fed at horizontal polarization
feed point H2 at an angle of 0°, signal H3 is fed at hori-
zontal polarization feed point H3 at an angle of 180°, and
signal H4 is fed at horizontal polarization feed point H4
at an angle of 0°. For normalized feed signals,
H1=H2=H3=H4=1. The signal at connection point X
equals H1 at 180°+H3 at 180°, and the signal at connec-
tion point Y equals H2 at 0°+H4 at 0°. All four signals add
at connection point Z to equal H1 at 360°+H2 at 0°+H3
at 360°+H4 at 0°. Since a 360° degree phase shift is
equivalent to a 0° degree phase shift, the signal at point
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Z can be rewritten as H1 at 0°+H2 at 0°+H3 at 0°+H4 at
0°. This result indicates that a horizontal polarization sig-
nal can be received and transmitted from the horizontal
feed line without cancellation or degradation. Point Z is
the output of the horizontal polarization feed line 14 while
the antenna 10 is receiving. As indicated above, at point
Z, the horizontal signal is received without cancelation
or attenuation as desired while no vertical polarization
signal is received, which indicates that one element can
be used for both polarizations simultaneously without
cancellation or attenuation issues.
[0031] Figure 2 shows an antenna 40 having vertical
and horizontal polarization feed lines with elevation scan-
ning. The antenna 40 transmits and receives in two po-
larizations, such as in two linear polarizations, such as
vertical and horizontal polarizations. However, embodi-
ments of the invention are equally applicable to circular
polarization as well. Line 42 represents a vertical polar-
ization feed line, line 44 represents a horizontal polari-
zation feed line, and squares represent antenna ele-
ments 46. Feed points H1, H2, H3, H4 represent hori-
zontal polarization feed points 50, and feed points V1,
V2, V3, V4 represent vertical polarization feed points 48.
A, B and C represent connection points 52 for the vertical
polarization feed line 42, and X, Y and Z represent con-
nection points 54 for the horizontal polarization feed line
44.
[0032] Figure 2 shows an embodiment of the invention
including a single element for dual linear polarization,
which is equally applicable to all types of antennas. Sig-
nals arriving from connection point V1 to connection point
A, connection point V3 to connection point B, and con-
nection point X to connection point Z experience an ad-
ditional 180-degree phase shift either due to an additional
length of conductor 56 for a narrowband signal or a phase
shifter with a 180° hybrid (not shown) for wideband ap-
plications. That is, if the application is narrowband, an
additional length of conductor is used, and if the applica-
tion is wideband, a 180° hybrid is used. In broadband
applications, the 180° phase shift can be added by using
hybrids, digital phase shifters, and/or analog phase shift-
ers. Elevation scanning is implemented by applying a θ°
phase shift 51 in the vertical polarization feed line 42.
[0033] In a first example implementation of the embod-
iment shown in Figure 2, horizontal polarization is re-
ceived by the vertical polarization feed line 42. Specifi-
cally, signal V1 is fed at vertical polarization feed point
V1 at an angle of 0°, signal V2 is fed at vertical polarization
feed point V2 at an angle of 0°, signal V3 is fed at vertical
polarization feed point V3 at an angle of 0°, and signal
V4 is fed at vertical polarization feed point V4 at an angle
of 0°. For normalized feed signals, V1=V2=V3=V4=1.
The signal at connection point A equals V1 at 180°+V2
at 0° or -V at 0°+V2 at 0°, which is equal to 0, and the
signal at connection point B equals V3 at (180+0)°+V4
at θ° or -V3 at 0°+V4 at θ°, which equals 0. Therefore,
the signal at connection point C is equal to - V1 at 0°+V2
at 0°-V3 at θ °+V4 at θ°, which equals 0. Since the mag-

nitudes of the signals are equal, the signals cancel each
other, which indicate that undesirable horizontal polari-
zation signal magnitudes are not received by the vertical
polarization feed line. Point C is the output of the vertical
polarization feed line 42 while the antenna 40 is receiving.
As indicated above, no horizontal polarization signal is
received at connection point C. The isolation is increased
to infinity, which indicates that one element can be used
for both polarizations simultaneously without isolation is-
sues.
[0034] In a second example implementation of the em-
bodiment shown in Figure 2, vertical polarization is re-
ceived by the vertical polarization feed line 42. Specifi-
cally, signal V1 is fed at vertical polarization feed point
V1 at an angle of 180°, signal V2 is fed at vertical polar-
ization feed point V2 at an angle of 0°, signal V3 is fed
at vertical polarization feed point V3 at an angle of 180°,
and signal V4 is fed at vertical polarization feed point V4
at an angle of 0°. For normalized feed signals,
V1=V2=V3=V4=1. The signal at connection point A
equals V1 at 360°+V2 at 0° or V1 at 0°+V2 at 0°, and the
signal at connection point B equals V3 at (360+θ)°+V4
at θ° or V3 at θ°+V4 at θ°. All four signals add at connec-
tion point C to equal V1 at 0°+V2 at 0°+V3 at θ°+V4 at
θ°. This result indicates that a vertical polarization signal
can be received and transmitted from the vertical polar-
ization feed line 42 without cancellation or degradation.
Point C is the output of the vertical polarization feed line
42 while the antenna 40 is receiving. As shown above at
point C, the vertical signal is received without cancelation
or attenuation as desired while no horizontal polarization
signal is received, which indicates that one element can
be used for both polarizations simultaneously without
cancellation or attenuation issues.
[0035] In a third example implementation of the em-
bodiment shown in Figure 2, vertical polarization is re-
ceived by the horizontal polarization feed line 44. Spe-
cifically, signal H1 is fed at horizontal polarization feed
point H1 at an angle of 0°, signal H2 is fed at horizontal
polarization feed point H2 at an angle of 0°, signal H3 is
fed at horizontal polarization feed point H3 at an angle
of θ’, and signal H4 is fed at horizontal polarization feed
point H4 at an angle of θ°. For normalized feed signals,
H1=H2=H3=H4=1. The signal at connection point X
equals H1 at 0°+H3 at θ°, and the signal at connection
point Y equals H2 at 0°+H4 at θ°. All four signals add at
connection point Z to equal H1 at 180°+H2 at 0°+H3 at
(180+θ)°+H4 at (180+θ)°. Therefore, the signal at con-
nection point Z is equal to -H1 at 0°+H2 at 0°-H3 at θ°+H4
at θ°, which equals 0. Since the magnitudes of the signals
are equal, the signals cancel each other, which indicates
that the magnitude of undesirable vertical polarization
signals become zero at connection point Z, which is the
horizontal polarization feed point. Connection point Z is
the output of the horizontal polarization feed line 44 while
the antenna 40 is receiving. As indicated above, no ver-
tical polarization signal is received at point Z. The isola-
tion is increased to infinity, which shows that one element
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can be used for both polarizations simultaneously without
isolation issues.
[0036] In a fourth example implementation of the em-
bodiment shown in Figure 2, horizontal polarization is
received by the horizontal polarization feed line 44. Spe-
cifically, signal H1 is fed at horizontal polarization feed
point H1 at an angle of 180°, signal H2 is fed at horizontal
polarization feed point H2 at an angle of 0°, signal H3 is
fed at horizontal polarization feed point H3 at an angle
of 180°, and signal H4 is fed at horizontal polarization
feed point H4 at an angle of 0°. For normalized feed sig-
nals, H1=H2=H3=H4=1. The signal at connection point
X equals H1 at 180°+H3 at 180°, and the signal at con-
nection point Y equals H2 at 0°+H4 at 0°. All four signals
add at connection point Z to equal H1 at 360°+H2 at
0°+H3 at 360°+H4 at 0°. Since a 360° degree phase shift
is equivalent to a 0° degree phase shift, the signal at point
Z can be rewritten as H1 at 0°+H2 at 0°+H3 at 0°+H4 at
0°. This result indicates that a horizontal polarization sig-
nal can be received and transmitted from the horizontal
polarization feed line 44 without cancellation or degra-
dation. Point Z is the output of the horizontal polarization
feed line 44 while the antenna 40 is receiving. As dis-
cussed above, at connection point Z, the horizontal signal
is received without cancelation or attenuation as desired
while no vertical polarization signal is received, which
indicates that one element can be used for both polari-
zations simultaneously without cancellation or attenua-
tion issues.
[0037] Figure 3 shows an antenna 60 having vertical
and horizontal polarization feed lines with azimuth scan-
ning. The antenna 60 transmits and receives in two po-
larizations, such as in two linear polarizations, such as
vertical and horizontal polarizations. However, embodi-
ments of the invention are equally applicable to circular
polarizations as well. Line 62 represents a vertical polar-
ization feed line, line 64 represents a horizontal polari-
zation feed line, and squares represent antenna ele-
ments 66. Feed points H1, H2, H3, H4 represent hori-
zontal polarization feed points 68, and feed points V1,
V2, V3, V4 represent vertical polarization feed points 70.
A, B and C represent connection points 72 for the vertical
polarization feed line 62, and X, Y and Z represent con-
nection points 74 for the horizontal polarization feed line
64.
[0038] Figure 3 shows an embodiment of the invention
including a single element for dual linear polarization,
which is equally applicable to all types of antennas. Sig-
nals arriving from connection point A to connection point
C, connection point H1 to connection point X, and con-
nection point H2 to connection point Y experience an
additional 180-degree phase shift either due to an addi-
tional length of conductor 76 for a narrowband signal or
a phase shifter with a 180° hybrid (not shown) for a wide-
band signal. That is, if the application is narrowband, an
additional length of conductor is used, and if the applica-
tion is wideband, a 180° hybrid is used. In broadband
applications, the 180° phase shift can be added by using

hybrids, digital phase shifters, and/or analog phase shift-
ers. Elevation scanning is implemented by applying a θ°
phase shift 77 in the horizontal polarization feed line 64.
[0039] In a first example implementation of the embod-
iment shown in Figure 3, vertical polarization is received
by the horizontal polarization feed line 64. Specifically,
signal H1 is fed at horizontal polarization feed point H1
at an angle of 0°, signal H2 is fed at horizontal polarization
feed point H2 at an angle of 0°, signal H3 is fed at hori-
zontal polarization feed point H3 at an angle of 0°, and
signal H4 is fed at horizontal polarization feed point H4
at an angle of 0°. For normalized feed signals,
H1=H2=H3=H4=1. The signal at connection point X 74
equals H1 at 180°+H3 at 0°, and the signal at connection
point Y equals H2 at (180+θ)°+H4 at θ°. Therefore, since
the signals differ by 180° and have the same magnitude,
the signals cancel each other, which indicates that un-
desirable vertical polarization signal magnitudes are not
received by the horizontal polarization feed line 64.
Therefore, complete isolation between polarizations is
achieved. Connection point Z is the output of the hori-
zontal polarization feed line 64 while the antenna 60 is
receiving. As discussed above, no vertical polarization
signal is received at point Z. The isolation is increased
to infinity, which indicates that one element can be used
for both polarizations simultaneously without isolation is-
sues.
[0040] In a second example implementation of the em-
bodiment shown in Figure 3, horizontal polarization is
received by the horizontal polarization feed line 64. Spe-
cifically, signal H1 is fed at horizontal polarization feed
point H1 at an angle of 180°, signal H2 is fed at horizontal
polarization feed point H2 at an angle of 180°, signal H3
is fed at horizontal polarization feed point H3 at an angle
of 0°, and signal H4 is fed at horizontal polarization feed
point H4 at an angle of 0°. For normalized feed signals,
H1=H2=H3=H4=1. The signal at connection point X
equals H1 at 360°+H3 at 0° or H1 at 0°+H3 at 0°, and
the signal at connection point Y equals H2 at
(360+θ)°+H4 at θ° or H2 at θ°+H4 at θ°. All four signals
add at connection point Z to equal H1 at 0°+H2 at 0°+H3
at θ°+H4 at θ°. This result indicates that a horizontal po-
larization signal can be received and transmitted from
the horizontal polarization feed line 64 without any can-
cellation or degradation. Point Z is the output of the hor-
izontal polarization feed line 64 while the antenna 60 is
receiving. As discussed above, at point Z, the horizontal
signal is received without cancelation or attenuation as
desired while no vertical polarization signal is received,
which shows that one element can be used for both po-
larizations simultaneously without cancellation or atten-
uation issues.
[0041] In a third example implementation of the em-
bodiment shown in Figure 3, horizontal polarization is
received by the vertical polarization feed line 62. Specif-
ically, signal V1 is fed at vertical polarization feed point
V1 at an angle of 0°, signal V2 is fed at vertical polarization
feed point V2 at an angle of θ°, signal V3 is fed at vertical
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polarization feed point V3 at an angle of 0°, and signal
V4 is fed at vertical polarization feed point V4 at an angle
of θ°. For normalized feed signals, V1=V2=V3=V4=1.
The signal at connection point A equals V1 1 at 0°+V2
at θ°, and the signal at connection point B equals V3 at
0°+V4 at θ°. All four signals add at connection point C to
equal V1 at 180°+V2 at (180+θ)°+V3 at 0°+V4 at θ°.
Therefore, the signal at connection point C is equal to
-V1 at 0°-V2 at θ°+V3 at θ°+V4 at θ°, which equals 0.
Since the magnitudes of the signals are equal, the signals
cancel each other, which indicates that the magnitude of
undesirable horizontal polarization signals become zero
at point C, which is the vertical polarization feed point.
Point C is the output of the vertical polarization feed line
64 while the antenna 60 is receiving. As shown above,
no horizontal polarization signal is received at point C.
The isolation is increased to infinity, which shows that
one element can be used for both polarizations simulta-
neously without isolation issues.
[0042] In a fourth example implementation of the em-
bodiment shown in Figure 3, vertical polarization is re-
ceived by the vertical polarization feed line 62. Specifi-
cally, signal V1 is fed at vertical polarization feed point
V1 at an angle of 180°, signal V2 is fed at vertical polar-
ization feed point V2 at an angle of 180°, signal V3 is fed
at vertical polarization feed point V3 at an angle of 0°,
and signal V4 is fed at vertical polarization feed point V4
at an angle of 0°. For normalized feed signals,
V1=V2=V3=V4=1. The signal at connection point A
equals V1 at 180°+V2 at 180°, and the signal at connec-
tion point B equals V3 at 0°+V4 at 180°. All four signals
add up at connection point C to equal V1 at 360°+V2 at
360°+V3 at 0°+V4 at 0°. Since a 360° degree phase shift
is equivalent to a 0° degree phase shift, the signal at
connection point C can be rewritten as V 1 at 0°+V2 at
0°+V3 at 0°+V4 at 0°. This result indicates that the vertical
polarization signal can be received and transmitted from
the vertical polarization feed line 62 without cancellation
or degradation. Point C is the output of the vertical po-
larization feed line 62 while the antenna 60 is receiving.
As indicated above, at point C, the vertical signal is re-
ceived without any cancelation or attenuation as desired
while no horizontal polarization signal is received, which
indicates that one element can be used for both polari-
zations simultaneously without cancellation or attenua-
tion issues.
[0043] Figure 4 shows an antenna 80 having vertical
and horizontal polarization feed lines 82, 84 with azimuth
and elevation scanning. The antenna 80 transmits and
receives in two polarizations, such as in two linear polar-
izations, such as vertical and horizontal polarizations.
However, embodiments of the invention are equally ap-
plicable to circular polarizations as well. Line 82 repre-
sents a vertical polarization feed line, line 84 represents
a horizontal polarization feed line, and squares represent
antenna elements 86. Feed points H1, H2, H3, H4 rep-
resent horizontal polarization feed points 88, and feed
points V1, V2, V3, V4 represent vertical polarization feed

points 90. A, B and C represent connection points 92 for
the vertical polarization feed line 82, and X, Y and Z rep-
resent connection points 94 for the horizontal polarization
feed line 84.
[0044] Figure 4 shows an embodiment of the invention
including a single element for dual linear polarization,
which is equally applicable to all types of antennas. Sig-
nals arriving from connection point B to connection point
V3, connection point A to connection point V1, and con-
nection point H2 to connection point Y experience an
additional 180-degree phase shift either due to an addi-
tional length of conductor 96 for a narrowband signal or
a phase shifter with a 180° hybrid (not shown) for a wide-
band signal. That is, if the application is narrowband, an
additional length of conductor is used, and if application
is wideband, a 180° hybrid is used. In broadband appli-
cations, the 180° phase shift can be added by using hy-
brids, digital phase shifters, and/or analog phase shifters.
Azimuth scanning is implemented by applying a θ2°
phase shift 100 in the horizontal polarization feed line 84,
and elevation scanning is implemented by applying a θ1°
phase shift 98 in the vertical polarization feed line 82.
[0045] To be able to steer the beam in azimuth (hori-
zontal direction) and elevation (vertical direction), there
is a phase difference between horizontal elements for
azimuth steering and between vertical elements for ele-
vation steering. Figure 4 shows the feed line length from
H2 to Y and H4 to Y is longer than from H1 to X and H3
to X, which adds the phase difference to the signal that
steers the beam in azimuth. Similarly, the feed line length
from V3 to B and V4 to B is longer than from V1 to A and
V2 to A, which adds the phase difference to the signal
that steers the beam in elevation. The additional phase
may be fixed or variable. In this case, the steering angles
are introduced by extra length in the feed line. However,
these additional phases can also be added by digital or
analog phase shifters or hybrids. These additional phase
delays are referred to as θ1 phase delay 98 for elevation
(vertical direction) and θ2 phase delay 100 for azimuth
(horizontal direction).
[0046] In a first example implementation of the embod-
iment shown in Figure 4, horizontal polarization is re-
ceived by the vertical polarization feed line 82. Specifi-
cally, signal V1 is fed at vertical polarization feed point
V1 at an angle of 0°, signal V2 is fed at vertical polarization
feed point V2 at an angle of θ2°, signal V3 is fed at vertical
polarization feed point V3 at an angle of 0°, and signal
V4 is fed at vertical polarization feed point V4 at an angle
of θ2°. For normalized feed signals, V1=V2=V3=V4=1.
The signal at connection point A 92 equals V1 at 180°+V2
at θ2°, the signal at connection point B 92 equals V3 at
(180+θ1)°+V4 at (θ1+θ2)°, and the signal at connection
point C 92 equals V1 at 180°+V2 at θ2°+V3 at (180+ θ1)°
+ V4 at (θ1+θ2)°. The magnitude of the signal in the X
direction is equal to
-1+cos(θ2)+cos(180+θ1)+cos(θ1+θ2), and the magni-
tude of the signal in the Y direction is equal to sin (θ2) +
sin (180+θ1) + sin (θ1+θ2). Thus, undesirable signals are
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substantially attenuated by at least 6dB. Point C is the
output of the vertical polarization feed line 82 while the
antenna 80 is receiving. As indicated above, no horizon-
tal polarization signal is received at point C. The isolation
is increased up to infinity, which indicates that one ele-
ment can be used for both polarizations simultaneously
without isolation issues.
[0047] For example, if θ1=30 and θ2=60, the magni-
tude of the signal in the X direction is equal to -1 + cos
(60) + cos (210) + cos (90), and the magnitude of the
signal in the Y direction is equal to sin (60) + sin (210) +
sin (90). Thus, the magnitude of the signal in the X direc-
tion equals -1.36, and the magnitude of the signal in the
Y direction equals 1.36. Therefore, the magnitude of the
total signal= 1.92 or 5.6dB. If the embodiment shown in
Figure 4 is not used, the magnitude of the unwanted sig-
nal at connection point C would equal 4 or 12dB. As a
result, the embodiment shown in Figure 4 provides an
improvement of 12-5.6=6.4 dB.
[0048] As another example, if θ1=60 and θ2=60, the
magnitude of the signal in the X direction equals -1 + cos
(60) + cos (240) + cos (120), and the magnitude of the
signal in the Y direction equals sin (60) + sin (240) + sin
(120). Thus, the magnitude of the signal in the X direction
is -1.5, and the magnitude of the signal in the Y direction
is 0.86. Therefore, the magnitude of the total signal
equals 1.72 or 4.7dB. If the embodiment shown in Figure
4 were not used, the magnitude of the unwanted signal
at point C would be 4 or 12dB. Accordingly, in this exam-
ple, an improvement of 12-4.7=7.3 dB is achieved.
[0049] In a second example implementation of the em-
bodiment shown in Figure 4, vertical polarization is re-
ceived by the vertical polarization feed line 82. Specifi-
cally, signal V1 is fed at vertical polarization feed point
V1 at an angle of 180°, signal V2 is fed at vertical polar-
ization feed point V2 at an angle of 0°, signal V3 is fed
at vertical polarization feed point V3 at an angle of 180°,
and signal V4 is fed at vertical polarization feed point V4
at an angle of 0°. For normalized feed signals,
V1=V2=V3=V4=1. The signal at connection point A
equals V1 at 360°+V2 at 0° or V1 at 0°+V2 at 0°, and the
signal at connection point B equals V3 at (360+θ1)°+V4
at θ1° or V3 at θ1°+V4 at θ1°. All four signals add at
connection point C to equal V1 at 0°+V2 at 0°+V3 at
θ1°+V4 at θ1°. This result indicates that a vertical polar-
ization signal can be received and transmitted from the
vertical polarization feed line 82 without any cancellation
or degradation. Point C is the output of the vertical po-
larization feed line while the antenna is receiving. As in-
dicated above, at point C ,the vertical signal is received
without any cancelation or attenuation as desired while
no horizontal polarization signal is received, which indi-
cates that one element can be used for both polarizations
simultaneously without cancellation or attenuation is-
sues.
[0050] In a third example implementation of the em-
bodiment shown in Figure 4, vertical polarization is re-
ceived by the horizontal polarization feed line 84. Spe-

cifically, signal H1 is fed at horizontal polarization feed
point H1 at an angle of 0°, signal H2 is fed at horizontal
polarization feed point H2 at an angle of 0°, signal H3 is
fed at horizontal polarization feed point H3 at an angle
of θ1°, and signal H4 is fed at horizontal polarization feed
point H4 at an angle of θ1°. For normalized feed signals,
H1=H2=H3=H4=1. The signal at connection point X
equals H1 at 180°+H3 at θ1°, and the signal at connection
point Y equals H3 at (180+ θ2)°+H4 at (θ1+ θ2)°. All four
signals add up at connection point Z to equal H1 at
180°+H2 at (180+θ2)°+H3 at θ1°+H4 at (θ1+ θ2)°. The
magnitude of the signal on the X axis equals -1 + cos
(180+θ2) + cos (θ1) + cos (θ1+θ2), and the magnitude
of the signal on the Y axis equals sin (θ1) + sin (180+θ2)
+ sin (θ1+θ2). This results in an attenuation of at least
6db in the unwanted signal. The point Z is the output of
the horizontal feed line while the antenna is receiving. At
point Z, only horizontal polarization signal must be re-
ceived while little or no vertical polarization is received.
As indicated above, no vertical signal is received at point
Z. The isolation is increased up to infinity. Therefore com-
plete isolation between polarizations is achieved in this
configuration, which indicates that one element can be
used for both polarizations simultaneously without isola-
tion issues.
[0051] For example, if θ1=60 and θ2=30, the magni-
tude of the signal in the X axes equals -1 + cos (60) +
cos (210) + cos (90), and the magnitude of the signal in
the Y axes= sin (60) + sin (210) + sin (90). Thus, the
magnitude of the signal in the X axes is -1.36, and the
magnitude of the signal in the Y axes is 1.36. Therefore,
the magnitude of the total signal equals 1.92 or 5.6dB,
and the magnitude of the unwanted signal at point C
would be equal to 4 or 12dB if this embodiment had not
been implemented. Accordingly, in this example, a
12-5.6=6.4 dB improvement is achieved.
[0052] As another example, if θ1=60 and θ2=60, the
magnitude of the signal in the X axes= -1 + cos (240) +
cos (60) + cos (120), and the magnitude of the signal in
the Y axes= sin (60) + sin (240) + sin (120). Thus, the
magnitude of the signal in the X axes is -1.5, and the
magnitude of the signal in the Y axes is 0.86. Therefore,
the magnitude of the total signal is 1.72 or 4.7dB. Since
the magnitude of the unwanted signal at point C would
equal 4 or 12dB without implementing this embodiment,
a 12-4.7 or 7.3 dB improvement is achieved. To be able
to use one element antenna for both polarizations, the
isolation between two signals (vertical and horizontal)
must be sufficient. In accordance with this embodiment,
the isolation is improved by 7.3 dB, which indicates that
one element can be used for both polarizations simulta-
neously.
[0053] In a fourth example implementation of the em-
bodiment shown in Figure 4, horizontal polarization is
received by the horizontal polarization feed line 84. Spe-
cifically, signal H1 is fed at horizontal polarization feed
point H1 at an angle of 180°, signal H2 is fed at horizontal
polarization feed point H2 at an angle of 180°, signal H3
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is fed at horizontal polarization feed point H3 at an angle
of 0°, and signal H4 is fed at horizontal polarization feed
point H4 at an angle of 0°. For normalized feed signals,
H1=H2=H3=H4=1. The signal at connection point X
equals H1 at 360°+H3 at 0° or H1 at 0°+H3 at 0°, and
the signal at connection point Y equals H2 at (360+
θ2)°+H4 at θ2° or H2 at θ2°+H4 at θ2°. All four signals
add at connection point Z to equal H1 at 0°+H2 at 0°+H3
at θ2°+V4 at θ2°. This result indicates that the horizontal
polarization signal can be received and transmitted from
the horizontal polarization feed line 84 without any can-
cellation or degradation. Point Z is the output of the hor-
izontal polarization feed line 84 while the antenna 80 is
receiving. Only horizontal polarization signals are re-
ceived at point Z while little or no vertical polarization
signal is received. As shown above, at point Z, a hori-
zontal polarization signal is received without any cance-
lation or attenuation as desired, which indicates that one
element can be used for both polarizations simultane-
ously without attenuation issues.
[0054] Figure 5 shows an antenna 100 having vertical
and horizontal polarization feed lines that provides iso-
lation between polarizations without azimuth or elevation
scanning. The antenna 100 transmits and receives in two
polarizations, such as two linear polarizations, such as
vertical and horizontal polarizations. However, alterna-
tive embodiments are equally applicable to any type of
polarization, such as circular polarization. Line 102 rep-
resents a vertical polarization feed line, line 104 repre-
sents a horizontal polarization feed line, and a square
represents an antenna element 106. Feed points V1, V2
represent vertical polarization feed points 108, and feed
points H1, H2 represent horizontal polarization feed
points 110. Feed point D represents feed point 112 for
the vertical polarization feed line 102, and feed point W
represents feed point 114 for the horizontal polarization
feed line 104.
[0055] Figure 5 shows an embodiment including a sin-
gle element for dual linear polarization, which is equally
applicable to all types of antennas. Signals travelling be-
tween feed point D and feed point V1 and signals trav-
elling between feed point W and feed point H1 experience
an additional 180-degree phase shift 116, 118, respec-
tively, either due to an additional length of conductor 116,
118 for a narrowband signal or a phase shifter with a
180° hybrid (not shown) for a wideband signal. That is,
in narrowband applications, such as those with bit rates
less than or equal to 1.544 Mbps, the additional length
of conductor is used, and for wideband applications, such
as those having bit rates of 64 Kbps to 2 Mbps, the 180°
hybrid is used. In broadband applications, the 180° phase
shift can be implemented by using hybrids, digital phase
shifters, and/or analog phase shifters.
[0056] In a first example concerning the embodiment
shown in Figure 5, horizontal polarization is received by
a vertical feed line 102. Specifically, signal V1 is fed at
vertical polarization feed point V1 108 at an angle of 0°,
and signal V2 is fed at vertical polarization feed point V2

108 at an angle of 0°. For normalized feed signals,
V1=V2=1. The signal at feed point D equals V1 at
180°+V2 at 0°. Therefore, the signal at feed point D is
equal to -V1 at 0°+V2 at 0°, which equals 0. Since the
magnitudes of the signals are equal, the signals cancel
each other, which indicates that undesirable horizontal
polarization signal magnitudes become zero at feed point
D. Feed point D is an output of the vertical polarization
feed line while the antenna 100 is receiving. As indicated
above, no horizontal polarization signal is received at
feed point D. Thus, isolation is increased to infinity, which
shows that one element can be used for both polariza-
tions simultaneously without any isolation issues.
[0057] In a second example concerning the embodi-
ment shown in Figure 5, vertical polarization is received
by the vertical feed line 102. Specifically, signal V1 is fed
at vertical polarization feed point V1 108 at an angle of
180°, and signal V2 is fed at vertical polarization feed
point V2 108 at an angle of 0°. For normalized feed sig-
nals, V1=V2=1. The signal at feed point D equals V1 at
360°+V2 at 0°. Since a 360° degree phase shift is equiv-
alent to a 0° degree phase shift, the signal at feed point
D can be rewritten as V1 at 0°+V2 at 0. This result indi-
cates that a vertical polarization signal can be received
and transmitted from the vertical feed line 102 without
cancellation or degradation. Feed point D is the output
of the vertical polarization feed line 102 while the antenna
100 is receiving. As indicated above, at feed point D, the
vertical signal is received without cancelation or attenu-
ation as desired while no horizontal polarization signal is
received. This shows that one element can be used for
both polarizations simultaneously without cancellation or
attenuation issues.
[0058] In a third example concerning the embodiment
shown in Figure 5, vertical polarization is received by a
horizontal feed line 104. Specifically, signal H1 is fed at
horizontal polarization feed point H1 110 at an angle of
0°, and signal H2 is fed at horizontal polarization feed
point H2 110 at an angle of 0°. For normalized feed sig-
nals, H1=H2=1. The signal at feed point W equals H1 at
180°+H2 at 0°. Therefore, the signal at connection point
Z is equal to -H1 at 0°+H2 at 0°, which equals 0. Since
the magnitudes of the signals are equal, the signals can-
cel each other, which indicates that the magnitude of un-
desirable vertical polarization signals becomes zero at
feed point W, which is the horizontal polarization feed
point. Therefore, complete isolation between polariza-
tions is achieved in this configuration. Feed point W is
an output of the horizontal polarization feed line 104 while
the antenna 100 is receiving. As indicated above, no ver-
tical polarization signal is received at feed point W. The
isolation is increased to infinity, which indicates that one
element can be used for both polarizations simultane-
ously without isolation issues.
[0059] In a fourth example concerning the embodiment
shown in Figure 5, horizontal polarization is received by
the horizontal feed line 104. Specifically, signal H1 is fed
at horizontal polarization feed point H1 at an angle of
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180°, and signal H2 is fed at horizontal polarization feed
point H2 at an angle of 0°. For normalized feed signals,
H1=H2=1. The signal at feed point W equals H1 at
360°+H2 at 0°. Since a 360° degree phase shift is equiv-
alent to a 0° degree phase shift, the signal at feed point
W can be rewritten as H1 at 0°+H2 at 0°. This result
indicates that a horizontal polarization signal can be re-
ceived and transmitted from the horizontal feed line with-
out cancellation or degradation. Feed point W is the out-
put of the horizontal polarization feed line 104 while the
antenna 100 is receiving. As indicated above, at feed
point W, the horizontal signal is received without cance-
lation or attenuation as desired while no vertical polari-
zation signal is received, which indicates that one ele-
ment can be used for both polarizations simultaneously
without cancellation or attenuation issues.
[0060] Accordingly, embodiments of the invention pro-
vide increased isolation between polarizations in an an-
tenna by cancelling one polarization signal while another
is being used. Five different feed network embodiments
are shown in Figures 1-5. Specifically, Figure 1 shows
an embodiment which does not implement scanning, Fig-
ure 2 shows an embodiment implementing scanning in
elevation, Figure 3 shows an embodiment implementing
scanning in azimuth, Figure 4 shows an embodiment im-
plementing scanning in both elevation and azimuth, and
Figure 5 shows a single element embodiment that does
not implement scanning in either elevation or azimuth.
For the embodiments shown in Figures 1-3 and 5, com-
plete isolation is achieved between polarizations, and the
embodiment shown in Figure 4 achieves at least a 6db
level of isolation.
[0061] Although embodiments of the invention are dis-
closed with one (1) and four (4) elements, the invention
is not limited to four (4) elements, and is equally applica-
ble to configurations including any number of elements,
such as but not limited to one (1), two (2), four (4), eight
(8), twelve (12), and sixteen (16) elements. Further, any
type of element can be used while remaining within the
scope of the invention. Embodiments of the invention
make it possible to use one element simultaneously for
two (2) polarizations. Embodiments of the invention are
also applicable to phased arrays.
[0062] Although the specification describes compo-
nents and functions implemented in the embodiments
with reference to particular standards and protocols, the
embodiment are not limited to such standards and pro-
tocols.
[0063] The illustrations of embodiments described
herein are intended to provide a general understanding
of the structure of various embodiments, and they are
not intended to serve as a complete description of all the
elements and features of apparatus and systems that
might make use of the structures described herein. Many
other embodiments will be apparent to those of skill in
the art upon reviewing the above description. Other em-
bodiments are utilized and derived therefrom, such that
structural and logical substitutions and changes are

made without departing from the scope of this disclosure.
Figures are also merely representational and are not
drawn to scale. Certain proportions thereof are exagger-
ated, while others are decreased. Accordingly, the spec-
ification and drawings are to be regarded in an illustrative
rather than a restrictive sense.
[0064] Such embodiments of the inventive subject
matter are referred to herein, individually and/or collec-
tively, by the term "embodiment" merely for convenience
and without intending to voluntarily limit the scope of this
application to any single embodiment or inventive con-
cept if more than one is in fact shown. Thus, although
specific embodiments have been illustrated and de-
scribed herein, it should be appreciated that any arrange-
ment calculated to achieve the same purpose are sub-
stituted for the specific embodiments shown. This disclo-
sure is intended to cover any and all adaptations or var-
iations of various embodiments. Combinations of the
above embodiments, and other embodiments not spe-
cifically described herein, will be apparent to those of skill
in the art upon reviewing the above description.
[0065] In the foregoing description of the embodi-
ments, various features are grouped together in a single
embodiment for the purpose of streamlining the disclo-
sure. This method of disclosure is not to be interpreted
as reflecting that the claimed embodiments have more
features than are expressly recited in each claim. Rather,
as the following claims reflect, inventive subject matter
lies in less than all features of a single embodiment. Thus
the following claims are hereby incorporated into the de-
tailed description, with each claim standing on its own as
a separate example embodiment.
[0066] The abstract is provided to comply with 37
C.F.R. § 1.72(b), which requires an abstract that will allow
the reader to quickly ascertain the nature of the technical
disclosure. It is submitted with the understanding that it
will not be used to interpret or limit the scope or meaning
of the claims. In addition, in the foregoing Detailed De-
scription, it can be seen that various features are grouped
together in a single embodiment for the purpose of
streamlining the disclosure. This method of disclosure is
not to be interpreted as reflecting an intention that the
claimed embodiments require more features than are ex-
pressly recited in each claim. Rather, as the following
claims reflect, inventive subject matter lies in less than
all features of a single embodiment. Thus the following
claims are hereby incorporated into the Detailed Descrip-
tion, with each claim standing on its own as separately
claimed subject matter.
[0067] Although specific example embodiments have
been described, it will be evident that various modifica-
tions and changes are made to these embodiments with-
out departing from the broader scope of the inventive
subject matter described herein. Accordingly, the spec-
ification and drawings are to be regarded in an illustrative
rather than a restrictive sense. The accompanying draw-
ings that form a part hereof, show by way of illustration,
and without limitation, specific embodiments in which the
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subject matter are practiced. The embodiments illustrat-
ed are described in sufficient detail to enable those skilled
in the art to practice the teachings herein. Other embod-
iments are utilized and derived therefrom, such that struc-
tural and logical substitutions and changes are made
without departing from the scope of this disclosure. This
Detailed Description, therefore, is not to be taken in a
limiting sense, and the scope of various embodiments is
defined only by the appended claims, along with the full
range of equivalents to which such claims are entitled.
[0068] Given the teachings of the invention provided
herein, one of ordinary skill in the art will be able to con-
template other implementations and applications of the
techniques of the invention. Although illustrative embod-
iments of the invention have been described herein with
reference to the accompanying drawings, it is to be un-
derstood that the invention is not limited to those precise
embodiments, and that various other changes and mod-
ifications are made therein by one skilled in the art without
departing from the scope of the appended claims.

Claims

1. A multi-polarized phased array antenna, which com-
prises:

an element, the element being fed with a first
polarization signal at a first angle, a second po-
larization signal at a second angle, the first po-
larization signal at a third angle, and the second
polarization signal at a fourth angle, the first po-
larization signal comprising a first polarization,
the second polarization signal comprising a sec-
ond polarization, the first polarization being dif-
ferent from the second polarization;
a first feed line operatively coupling the first po-
larization signal to the element, the first feed line
being associated with the first polarization;
a second feed line operatively coupling the sec-
ond polarization signal to the element, the sec-
ond feed line being associated with the second
polarization;
a first phase shifter operatively coupled in the
first feed line; and
a second phase shifter operatively coupled in
the second feed line, one of the first polarization
signal and the second polarization signal being
cancelled at a feed point in at least one of the
first feed line and the second feed line by oper-
ation of the first phase shifter, second phase
shifter, first angle, second angle, third angle, and
fourth angle, at least one of the first phase shifter
and the second phase shifter comprising at least
one of a digital phase shifter and analog phase
shifter, the analog phase shifter comprising at
least one length of conductor in addition to that
required to couple at least one of (1) the first

feed line across the first phase shifter and (2)
the second feed line across the second phase
shifter using a straight conductor, the at least
one length of conductor providing a phase shift,
the first phase shifter providing a first 180° phase
shift between the first and third angles, the sec-
ond phase shifter providing a second 180°
phase shift between the second and fourth an-
gles.

2. The multi-polarized phased array antenna, as de-
fined by Claim 1, wherein the first feed line is bent
in only right angles.

3. The multi-polarized phased array antenna, as de-
fined by Claim 1, wherein the second feed line is
bent in only right angles.

4. The multi-polarized phased array antenna, as de-
fined by Claim 1, wherein the element comprises a
patch antenna.

5. The multi-polarized phased array antenna, as de-
fined by Claim 1, wherein the first feed line at least
one of transmits and receives at least one of a ver-
tically polarized signal, horizontally polarized signal,
right-hand clockwise circularly polarized signal, and
left-hand counterclockwise circularly polarized sig-
nal.

6. The multi-polarized phased array antenna, as de-
fined by Claim 1, wherein the second feed line at
least one of transmits and receives at least one of a
vertically polarized signal, horizontally polarized sig-
nal, right-hand clockwise circularly polarized signal,
and left-hand counterclockwise circularly polarized
signal.

7. The multi-polarized phased array antenna, as de-
fined by Claim 1, wherein the first feed line is a hor-
izontally polarized feed line, the second feed line be-
ing a vertically polarized feed line.

8. A method of increasing isolation between polariza-
tions in a multi-polarized phased array antenna, the
method comprising:

coupling an element operatively to a first polar-
ization signal using a first feed line, the element
being fed with the first polarization signal at a
first angle, a second polarization signal at a sec-
ond angle, the first polarization signal at a third
angle, and the second polarization signal at a
fourth angle, the first polarization signal com-
prising a first polarization, the second polariza-
tion signal comprising a second polarization, the
first polarization being different from the second
polarization;
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coupling the element operatively to the second
polarization signal using a second feed line, the
first feed line being associated with the first po-
larization, the second feed line being associated
with the second polarization ;
coupling a first phase shifter operatively in the
first feed line; and
coupling a second phase shifter operatively in
the second feed line, at least one of the first
phase shifter and the second phase shifter com-
prising at least one of a digital phase shifter and
an analog phase shifter, the analog phase shifter
comprising at least one length of conductor in
addition to that required to couple at least one
of (1) the first feed line across the first phase
shifter using a straight conductor 1 and (2) the
second feed line across the second phase shift-
er using a straight conductor, the at least one
length of conductor providing a phase shift, the
first phase shifter providing a first 180° phase
shift between (1) the first and third angles, the
second phase shifter providing a second 180°
phase shift between the second and fourth an-
gles.

9. The method, as defined by Claim 8, wherein the first
feed line is bent in only right angles.

10. The method, as defined by Claim 8, wherein the sec-
ond feed line is bent in only right angles.

11. The method, as defined by Claim 8, further compris-
ing configuring the first feed line to at least one of
transmit and receive at least one of a vertically po-
larized signal, horizontally polarized signal, right-
hand clockwise circularly polarized signal, and left-
hand counterclockwise circularly polarized signal.

12. The method, as defined by Claim 8, further compris-
ing configuring the second feed line to at least one
of transmit and receive at least one of a vertically
polarized signal, horizontally polarized signal, right-
hand clockwise circularly polarized signal, and left-
hand counterclockwise circularly polarized signal.

13. The method, as defined by Claim 8, further compris-
ing:

configuring the first feed line to be a horizontally
polarized feed line;
and
configuring the second feed line to be a vertically
polarized feed line.
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