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1
METHOD AND APPARATUS THAT ISOLATE
POLARIZATIONS IN PHASED ARRAY AND
DISH FEED ANTENNAS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part application of
U.S. application Ser. No. 15/190,965, filed Jun. 23, 2016,
which is a continuation-in-part application of U.S. applica-
tion Ser. No. 13/479,928, filed May 24, 2012, which claims
the benefit of U.S. Provisional Application No. 61/609,619,
filed Mar. 12, 2012, the disclosures of which are incorpo-
rated by reference herein in their entireties

BACKGROUND

Field

The disclosed subject matter generally relates to antennas
and, more particularly, relates to devices and methods that
increase isolation between polarizations associated with
phased array antennas and dish feed antennas.

Related Art

One of the major challenges in antenna design is to
provide the highest gain in the smallest possible area, while
providing the greatest degree of isolation between differ-
ently polarized signals being transmitted and received by the
antenna.

SUMMARY

Various embodiments of the invention relate to a device,
method, and system to increase isolation between 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.

A multi-polarized scanning phased array antenna is pro-
vided, which includes a plurality of elements, a first feed line
operatively coupling the plurality of elements, a second feed
line operatively coupling the plurality 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.

The plurality of elements may include a first element,
second element, third element, and fourth element. 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 operatively coupled in the first feed line
between the third and fourth sets of elements, and a second
phase delay operatively 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 operatively coupled by the second feed line and the first
feed line.

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, a second phase delay operatively
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coupled in the second feed line between the first and second
elements, and a third phase delay operatively coupled 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 the third
phase delay may include a 180° phase shift and at least one
0° phase shift, wherein 0° represents an angle of elevation
scanning.

The phase delay may include a first phase delay opera-
tively 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
0° phase shift, wherein 6° represents an angle of azimuth
scanning.

The phase delay may include a first phase delay opera-
tively 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 elements, and a fourth phase
delay operatively coupled 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 62° 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 01° phase shift, wherein 61° represents an angle of
elevation scanning and 02° represents an angle of azimuth
scanning.

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 counterclockwise
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, horizontally polarized signal,
right-hand clockwise circularly polarized signal, and left-
hand counterclockwise circularly polarized signal. The first
feed line may be configured to be a horizontal feed line, and
the second feed line may be configured to be a vertical feed
line.

A method of increasing isolation between polarizations in
a multi-polarized scanning phased array antenna is provided,
which includes coupling a plurality of elements operatively
with a first feed line, coupling the 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 scanning phased array antenna is can-
celled.

Coupling the phase delay may include coupling a first
phase delay operatively in the first feed line between 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.

Coupling the phase delay may include coupling a first
phase delay operatively in the first feed line between 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
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operatively 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 the third phase delay may include a 180°
phase shift and at least one 6° phase shift, wherein 6°
represents an angle of elevation scanning. 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 elements operatively by the first
feed line.

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 0° phase shift, wherein 0° represents an angle of
azimuth scanning.

Coupling the phase delay may include coupling a first
phase delay operatively in the first feed line between the first
and third elements, coupling a second phase delay opera-
tively 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 operatively 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 62° 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 01° phase shift, wherein 61° represents an
angle of elevation scanning and 62° represents an angle of
azimuth scanning

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 coun-
terclockwise 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 con-
figuring the first feed line to be a horizontal feed line, and
configuring the second feed line to be a vertical feed line.

A multi-polarized phased array antenna is provided,
which includes 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 a first angle,
a second polarization signal at a second angle, the first
polarization signal at a third angle, and the second polar-
ization signal at a fourth angle. The first polarization signal
includes a first polarization, and the second polarization
signal includes a second polarization. The first polarization
is different from the second polarization. The first feed line
operatively couples the first polarization signal to the ele-
ment, and the first feed line is associated with the first
polarization. The second feed line operatively couples the
second polarization signal 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
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of'the first feed line and the second feed line by operation 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 shifter 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 conductor. 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.

The first feed line may be bent in only right angles, 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 coun-
terclockwise circularly polarized signal. 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 circularly polarized signal, and left-
hand counterclockwise circularly polarized signal. The first
feed line may be a horizontally polarized feed line, and the
second feed line may be a vertically polarized feed line.

A method of increasing isolation between polarizations in
a multi-polarized phased array antenna includes coupling an
element operatively to a first polarization signal using a first
feed line, coupling the element operatively to the second
polarization signal using a second 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 polar-
ization signal at a fourth angle. The first polarization signal
includes a first polarization, and the second polarization
signal comprising a second polarization. The first polariza-
tion is different 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.

The first feed line may be bent in only right angles, 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 signal, right-hand
clockwise circularly polarized signal, and left-hand coun-
terclockwise 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 con-
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figuring the first feed line to be a horizontally polarized feed
line, and configuring the second feed line to be a vertically
polarized feed line.

A multi-polarized scanning phased array antenna is pro-
vided, which includes a plurality of elements including a
first element and a second element, a first feed line, a second
feed line, a first 180 degree phase shifter, a second 180
degree phase shifter, a third 180 degree phase shifter, a
fourth 180 degree phase shifter, a 61 degree phase shifter,
and 02 degree phase shifter. The first element is fed with a
first polarization signal at a first feed point and a third feed
point, and the first element is fed with a second polarization
signal at a second feed point and a fourth feed point. The
second element is fed with the first polarization signal at a
fifth feed point and a seventh feed point, and the second
element is fed with the second polarization signal at a sixth
feed point and an eighth feed point. The first polarization
signal includes a first polarization, and the second polariza-
tion signal includes a second polarization. The first polar-
ization is different from the second polarization. The first
feed line is operatively coupled to the plurality of elements,
and associated with the first polarization. The second feed
line is operatively coupling to the plurality of elements, and
associated with the second polarization. The first 180 degree
phase shifter is operatively coupled in the first feed line
between the first and third feed points, and the second 180
degree phase shifter is operatively coupled in the second
feed line between the second and fourth feed points. The
third 180 degree phase shifter is operatively coupled in the
first feed line between the fifth and seventh feed points, and
the fourth 180 degree phase shifter is operatively coupled in
the second feed line between the sixth and eighth feed
points. The 081 degree phase shifter is operatively coupled in
the first feed line between the third and seventh feed points,
and the 62 degree phase shifter is operatively coupled in the
second feed line between the second and sixth feed points.

The first feed line can be bent in only right angles, and the
second feed line may be bent in only right angles. The
element can include a patch antenna. The first feed line can
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 can 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 first
feed line can be a horizontally polarized feed line, and the
second feed line can be a vertically polarized feed line.

A multi-polarized scanning phased array antenna is pro-
vided, which includes a plurality of elements, a first feed
line, a second feed line, a first 180 degree phase shifter, a
second 180 degree phase shifter, a third 180 degree phase
shifter, a fourth 180 degree phase shifter, a fifth 180 degree
phase shifter, a sixth 180 degree phase shifter, a seventh 180
degree phase shifter, an eighth 180 degree phase shifter, a
first 61 degree phase shifter, a second 61 degree phase
shifter, a 02 degree phase shifter, a 63 phase shifter, a first
04 phase shifter, and a second 04 phase shifter. The plurality
of elements includes a first element, a second element, a
third element, and a fourth element. The first element is fed
with a first polarization signal at a first feed point and a third
feed point, and the first element is fed with a second
polarization signal at a second feed point and a fourth feed
point. The second element is fed with the first polarization
signal at a fifth feed point and a seventh feed point, and the
second element is fed with the second polarization signal at
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a sixth feed point and an eighth feed point. The third element
is fed with the first polarization signal at a ninth feed point
and a eleventh feed point, and the third element is fed with
the second polarization signal at a tenth feed point and a
twelfth feed point. The fourth element is fed with the first
polarization signal at a thirteenth feed point and a fifteenth
feed point, and the fourth element is fed with the second
polarization signal at a fourteenth feed point and a sixteenth
feed point. The first polarization signal includes a first
polarization, and the second polarization signal includes a
second polarization. The first polarization is different from
the second polarization. The first feed line is operatively
coupling the plurality of elements, and is associated with the
first polarization. The second feed line is operatively cou-
pling the plurality of elements, and is associated with the
second polarization. The first 180 degree phase shifter is
operatively coupled in the first feed line between the first and
third feed points, and the second 180 degree phase shifter is
operatively coupled in the second feed line between the
second and fourth feed points. The third 180 degree phase
shifter is operatively coupled in the first feed line between
the fifth and seventh feed points, and the fourth 180 degree
phase shifter is operatively coupled in the second feed line
between the sixth and eighth feed points. The fifth 180
degree phase shifter is operatively coupled in the first feed
line between the ninth and eleventh feed points, and the sixth
180 degree phase shifter is operatively coupled in the second
feed line between the tenth and twelfth feed points. The
seventh 180 degree phase shifter is operatively coupled in
the first feed line between the thirteenth and fifteenth feed
points, and the eighth 180 degree phase shifter is operatively
coupled in the second feed line between the fourteenth and
sixteenth feed points. The first 61 degree phase shifter is
operatively coupled in the first feed line between the third
and fifteenth feed points, and the second 61 degree phase
shifter is operatively coupled in the first feed line between
the eleventh and seventh feed points. The 02 degree phase
shifter is operatively coupled in the second feed line
between the fourth and eighth feed points, and the 63 phase
shifter is operatively coupled in the first feed line between
the third and eleventh feed points. The first 84 phase shifter
is operatively coupled in the second feed line between the
fourth and twelfth feed points, and the second 64 phase
shifter is operatively coupled in the second feed line
between the eighth and sixteenth feed points.

A multi-polarized scanning phased array antenna is pro-
vided, which includes a plurality of elements, a first feed
line, a second feed line, a first 180 degree phase shifter, a
second 180 degree phase shifter, a third 180 degree phase
shifter, a fourth 180 degree phase shifter, a fifth 180 degree
phase shifter, a sixth 180 degree phase shifter, a 01 degree
phase shifter, and a 82 degree phase shifter. The plurality of
elements includes a first element, a second element, and a
third element. The first element is fed with a first polariza-
tion signal at a first feed point and a third feed point, and the
first element is fed with a second polarization signal at a
second feed point and a fourth feed point. The second
element is fed with the first polarization signal at a fifth feed
point and a seventh feed point, and the second element is fed
with the second polarization signal at a sixth feed point and
an eighth feed point. The third element is fed with the first
polarization signal at a ninth feed point and an eleventh feed
point, and the second element is fed with the second
polarization signal at a tenth feed point and a twelfth feed
point, The first polarization signal includes a first polariza-
tion, and the second polarization signal includes a second
polarization. The first polarization is different from the
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second polarization. The first feed line is operatively cou-
pling the plurality of elements, and associated with the first
polarization. The second feed line is operatively coupling
the plurality of elements, and associated with the second
polarization. The first 180 degree phase shifter is operatively
coupled in the first feed line between the first and third feed
points, and the second 180 degree phase shifter is opera-
tively coupled in the second feed line between the second
and fourth feed points. The third 180 degree phase shifter is
operatively coupled in the first feed line between the fifth
and seventh feed points, and the fourth 180 degree phase
shifter is operatively coupled in the second feed line
between the sixth and eighth feed points. The fifth 180
degree phase shifter is operatively coupled in the first feed
line between the ninth and eleventh feed points, and the sixth
180 degree phase shifter is operatively coupled in the second
feed line between the tenth and twelfth feed points. The 61
degree phase shifter is operatively coupled in the first feed
line between the third and seventh feed points, and the 62
degree phase shifter is operatively coupled in the second
feed line between the second and sixth feed points.

A method of increasing isolation between polarizations in
a multi-polarized scanning phased array antenna is provided,
which includes: coupling a plurality of elements operatively
with a first feed line, wherein the plurality of elements
includes a first element and a second element, the first
element is fed with a first polarization signal at a first feed
point and a third feed point, the first element is fed with a
second polarization signal at a second feed point and a fourth
feed point, the second element is fed with the first polariza-
tion signal at a fifth feed point and a seventh feed point, the
second element is fed with the second polarization signal at
a sixth feed point and an eighth feed point, the first polar-
ization signal includes a first polarization, the second polar-
ization signal includes a second polarization, the first polar-
ization is different from the second polarization, and the first
feed line is associated with the first polarization; coupling
the plurality of elements operatively with a second feed line,
wherein the second feed line is associated with the second
polarization; coupling a first 180 degree phase shifter opera-
tively in the first feed line between the first and third feed
points; coupling a second 180 degree phase shifter opera-
tively in the second feed line between the second and fourth
feed points; coupling a third 180 degree phase shifter
operatively in the first feed line between the fifth and seventh
feed points; coupling a fourth 180 degree phase shifter
operatively in the second feed line between the sixth and
eighth feed points; coupling a 61 degree phase shifter
operatively in the first feed line between the third and
seventh feed points; and coupling a 62 degree phase shifter
operatively in the second feed line between the second and
sixth feed points.

The method of increasing isolation between polarizations
in a multi-polarized scanning phased array antenna can
include bending the first feed line in only right angles, and
bending the second feed line in only right angles. The
element can include a patch antenna. The method can
include at least one of transmitting, receiving by the first
feed line at least one of a vertically polarized signal,
horizontally polarized signal, right-hand clockwise circu-
larly polarized signal, left-hand counterclockwise circularly
polarized signal. The method can include at least one of
transmitting, receiving by the second feed line at least one
of'a vertically polarized signal, horizontally polarized signal,
right-hand clockwise circularly polarized signal, left-hand
counterclockwise circularly polarized signal. The first feed
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line can be a horizontally polarized feed line, and the second
feed line can be a vertically polarized feed line.

A method of increasing isolation between polarizations in
a multi-polarized scanning phased array antenna is provided,
which includes: coupling a plurality of elements operatively
with a first feed line, wherein the plurality of elements
includes a first element, a second element, a third element,
and a fourth element, the first element is fed with a first
polarization signal at a first feed point and a third feed point,
the first element is fed with a second polarization signal at
a second feed point and a fourth feed point, the second
element is fed with the first polarization signal at a fifth feed
point and a seventh feed point, the second element is fed
with the second polarization signal at a sixth feed point and
an eighth feed point, the third element is fed with the first
polarization signal at a ninth feed point and a eleventh feed
point, the third element is fed with the second polarization
signal at a tenth feed point and a twelfth feed point, the
fourth element is fed with the first polarization signal at a
thirteenth feed point and a fifteenth feed point, the fourth
element is fed with the second polarization signal at a
fourteenth feed point and a sixteenth feed point, the first
polarization signal including a first polarization, the second
polarization signal including a second polarization, the first
polarization is different from the second polarization, the
first feed line is associated with the first polarization; cou-
pling the plurality of elements operatively with a second
feed line, wherein the second feed line is associated with the
second polarization; coupling a first 180 degree phase shifter
operatively in the first feed line between the first and third
feed points; coupling a second 180 degree phase shifter
operatively in the second feed line between the second and
fourth feed points; coupling a third 180 degree phase shifter
operatively in the first feed line between the fifth and seventh
feed points; coupling a fourth 180 degree phase shifter
operatively in the second feed line between the sixth and
eighth feed points; coupling a fifth 180 degree phase shifter
operatively in the first feed line between the ninth and
eleventh feed points; coupling a sixth 180 degree phase
shifter operatively in the second feed line between the tenth
and twelfth feed points; coupling a seventh 180 degree phase
shifter operatively in the first feed line between the thir-
teenth and fifteenth feed points; coupling an eighth 180
degree phase shifter operatively in the second feed line
between the fourteenth and sixteenth feed points; coupling a
first 81 degree phase shifter operatively in the first feed line
between the third and fifteenth feed points; coupling a
second 01 degree phase shifter operatively in the first feed
line between the eleventh and seventh feed points; coupling
a 02 degree phase shifter operatively in the second feed line
between the fourth and eighth feed points; coupling a 63
phase shifter operatively in the first feed line between the
third and eleventh feed points; coupling a first 64 phase
shifter operatively in the second feed line between the fourth
and twelfth feed points; and coupling a second 64 phase
shifter operatively in the second feed line between the eighth
and sixteenth feed points.

A method of increasing isolation between polarizations in
a multi-polarized scanning phased array antenna is provided,
which includes: coupling a plurality of elements operatively
with a first feed line, wherein the plurality of elements
includes a first element, a second element, and a third
element, the first element is fed with a first polarization
signal at a first feed point and a third feed point, the first
element is fed with a second polarization signal at a second
feed point and a fourth feed point, the second element is fed
with the first polarization signal at a fifth feed point and a
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seventh feed point, the second element is fed with the second
polarization signal at a sixth feed point and an eighth feed
point, the third element is fed with the first polarization
signal at a ninth feed point and an eleventh feed point, the
second element is fed with the second polarization signal at
a tenth feed point and a twelfth feed point the first polar-
ization signal includes a first polarization, the second polar-
ization signal includes a second polarization, the first polar-
ization is different from the second polarization, and the first
feed line is associated with the first polarization; coupling
the plurality of elements operatively with a second feed line,
wherein the second feed line is associated with the second
polarization; coupling a first 180 degree phase shifter opera-
tively in the first feed line between the first and third feed
points; coupling a second 180 degree phase shifter opera-
tively in the second feed line between the second and fourth
feed points; coupling a third 180 degree phase shifter
operatively in the first feed line between the fifth and seventh
feed points; coupling a fourth 180 degree phase shifter
operatively in the second feed line between the sixth and
eighth feed points; coupling a fifth 180 degree phase shifter
operatively in the first feed line between the ninth and
eleventh feed points; coupling a fourth 180 degree phase
shifter operatively in the second feed line between the tenth
and twelfth feed points; coupling a 81 degree phase shifter
operatively in the first feed line between the third and
seventh feed points; and coupling a 62 degree phase shifter
operatively in the second feed line between the second and
sixth feed points.

Other embodiments will become apparent from the fol-
lowing 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 any of the embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings are provided by way of example
only and without limitation, wherein like reference numerals
(when used) indicate corresponding elements throughout the
several views, and wherein:

FIG. 1 shows an antenna having vertical and horizontal
polarization feed lines without azimuth or elevation scan-
ning in accordance with a first embodiment of the invention;

FIG. 2 shows an antenna having vertical and horizontal
polarization feed lines with elevation scanning in accor-
dance with a second embodiment of the invention;

FIG. 3 shows an antenna having vertical and horizontal
polarization feed lines with azimuth scanning in accordance
with a third embodiment of the invention;

FIG. 4 shows an antenna having vertical and horizontal
polarization feed lines with azimuth and elevation scanning
in accordance with a fourth embodiment of the invention;

FIG. 5 shows an antenna having vertical and horizontal
polarization feed lines without azimuth or elevation scan-
ning in accordance with a fifth embodiment of the invention;

FIG. 6 is a schematic diagram illustrating a two-element
antenna array in accordance with the disclosed subject
matter;

FIG. 7 shows a schematic diagram of four-element
antenna array in accordance with the disclosed subject
matter; and

FIG. 8 shows a schematic diagram of three-element
antenna array in accordance with the disclosed subject
matter.

It is to be appreciated that elements in the figures are
illustrated for simplicity and clarity. Common but well-
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understood elements that are useful or necessary in a com-
mercially feasible embodiment are not shown in order to
facilitate a less hindered view of the illustrated embodi-
ments.

DETAILED DESCRIPTION

In the case of dual polarized antennas, such as antennas
utilizing linear polarization, reductions in area are achieved
by introducing both polarizations 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 polarizations that occupy the same area. To
do this, the polarizations (such as vertical and horizontal) are
provided by the same antenna element. However, proximity
between phased array elements creates additional chal-
lenges, such as maintaining isolation between polarizations.
Accordingly, embodiments of the invention improve isola-
tion between different polarizations in multi-polarized
phased array antennas. Embodiments of the invention also
cancel a polarization signal while another polarization signal
is active.

FIG. 1 shows an antenna 10 having vertical and horizontal
polarization feed lines without azimuth or elevation scan-
ning. The antenna 10 transmits and receives in two polar-
izations, such as two linear polarizations, such as vertical
and horizontal polarizations. However, embodiments of the
invention are equally applicable to circular polarizations.
Line 12 represents a vertical polarization feed line, line 14
represents a horizontal polarization feed line, and squares
represent antenna elements 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. Connection 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 horizontal polarization feed line 14.

FIG. 1 shows an embodiment of the invention including
a single element for dual linear polarization, which is
equally applicable to all types of antennas. Signals arriving
from connection point A to connection point C and connec-
tion point X to connection point Z experience an additional
180-degree phase shift 26, 28, respectively, 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.

In a first example implementation of the embodiment
shown in FIG. 1, horizontal polarization is received 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 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 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°. Therefore, 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



US 10,629,999 B2

11

horizontal polarization 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
increased to infinity, which shows that one element can be
used for both polarizations simultaneously without any
isolation issues.

In a second example implementation of the embodiment
shown in FIG. 1, vertical polarization is received 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 nor-
malized feed signals, V1=V2=V3=V4=1. The signal at
connection point A equals V1 at 180°+V2 at 180°, 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
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 V1 at 0°+V2 at
0°+V3 at 0°+V4 at 0°. This result indicates that a vertical
polarization signal 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
without cancelation or attenuation as desired while no
horizontal polarization signal is received. This shows that
one element can be used for both polarizations simultane-
ously without cancellation or attenuation issues.

In a third example implementation of the embodiment
shown in FIG. 1, vertical polarization is received 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, H1I=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 7Z 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 polariza-
tion signals becomes zero at point Z, which is the horizontal
polarization feed point. Therefore, complete isolation
between polarizations is achieved in this configuration.
Connection point Z is the output of the horizontal polariza-
tion feed line 14 while the antenna 10 is receiving. As
indicated above, no vertical polarization signal is received at
connection point Z. The isolation is increased to infinity,
which indicates that one element can be used for both
polarizations simultaneously without isolation issues.

In a fourth example implementation of the embodiment
shown in FIG. 1, horizontal polarization is received by the
horizontal feed line 14. Specifically, 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
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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 connection 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 polar-
ization signal 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.

FIG. 2 shows an antenna 40 having vertical and horizontal
polarization feed lines with elevation scanning. The antenna
40 transmits and receives in two polarizations, such as in
two linear polarizations, such as vertical and horizontal
polarizations. However, embodiments of the invention are
equally applicable to circular polarization as well. Line 42
represents a vertical polarization feed line, line 44 represents
a horizontal polarization feed line, and squares represent
antenna elements 46. Feed points H1, H2, H3, H4 represent
horizontal 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 connec-
tion points 54 for the horizontal polarization feed line 44.

FIG. 2 shows an embodiment of the invention including
a single element for dual linear polarization, which is
equally applicable to all types of antennas. Signals arriving
from connection point V1 to connection point A, connection
point V3 to connection point B, and connection point X to
connection point 7 experience an additional 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 applications. That is, if the
application is narrowband, an additional length of conductor
is used, and if the application 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 shifters. Elevation scanning is implemented by apply-
ing a 0° phase shift 51 in the vertical polarization feed line
42.

In a first example implementation of the embodiment
shown in FIG. 2, horizontal polarization is received by the
vertical polarization feed line 42. Specifically, 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 -V1 at 0°+V2 at 0°,
which is equal to 0, and the signal at connection point B
equals V3 at (180+6)°+V4 at 6° or —-V3 at 8°+V4 at 0°,
which equals 0. Therefore, the signal at connection point C
is equal to —=V1 at 0°+V2 at 0°-V3 at 6°+V4 at 0°, which
equals 0. Since the magnitudes of the signals are equal, the
signals cancel each other, which indicate that undesirable
horizontal polarization 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






