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POLARIZATION CONTROL SYSTEMAND
METHOD FORANANTENNA ARRAY

TECHNICAL FIELD OF THE DISCLOSURE

This disclosure relates generally to antenna arrays, and
more particularly, to a polarization control system for an
antenna array and a method of adjusting the same.

BACKGROUND OF THE DISCLOSURE

Microwave communications includes transmission and
receipt ofelectro-magnetic energy that extends from the short
wave frequencies to the near infrared frequencies. In order to
utilize electro-magnetic energy at these frequencies, a num-
ber of differing types of antennas have been developed. Due
to the relatively strong polarization characteristics ofelectro-
magnetic energy at these frequencies, antenna systems have
been developed that are capable of controlling the beam
polarization of the electro-magnetic wave. Additionally,
antenna systems having elliptical or circular polarizations
have been developed to overcome several propagation limi-
tations inherent in these strongly polarized waveforms.

SUMMARY OF THE DISCLOSURE

In one embodiment, a polarization control system for an
antenna array comprises a number offirst and secondantenna
elements and a beam forming network. The first antenna
elementshave adirectionofpolarizationthat is different from
a direction of polarization of the second antenna elements.
The beam forming network is coupled to the first and second
antenna elements. The beam forming network is operable to
provide a second signal to a first subset ofthe plurality offirst
antenna elements that is different from a first signal that is
provided to the other first antenna elements. The beam form-
ing network is also operable to provide a third signal to a
second subset ofthe secondantenna elements that is different
from the first signal that is provided to the other second
antenna elements.
In another embodiment, a method for adjusting a beam

polarization ofan antenna array comprises providing a num-
ber of first and second antenna elements, attenuating an
amplitude of an electro-magnetic wave produced by the plu-
rality offirst antenna elements by adjusting the amplitude of
a first subset ofthe plurality ofthe first antenna elements, and
producing an electro-magnetic wave by the plurality of first
and second antenna elements by adjusting the phase shift ofa
second subsetofthe plurality ofthe secondantenna elements.
The first antenna elements have a direction of polarization
that is different from a direction ofpolarization ofthe second
antenna elements such that an electro-magnetic wave pro-
duced by the plurality of first and second antenna elements
generally approximates the beam polarization.
Some embodiments ofthe present disclosuremay provide

numerous technical advantages.A technical advantageofone
embodiment may be a polarization control system for an
antenna array that uses relatively inexpensive control cir-
cuitry to manipulate the resulting electro-magnetic wave to
any beam polarization. The teachings of the present disclo-
suremake use ofthe fact that precise control ofa microwave
signal may be obtainedby combining the component electro-
magneticwaves produced by amultiple quantity ofantennas.
In this manner, control circuitry may be used having signifi-
cantly less complexity and costs than known polarization
control systems.
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2
Although specific advantages have been disclosed herein-

above, it will be understood that various embodiments may
include all, some, or none ofthe disclosed advantages.Addi-
tionally, other technical advantages not specifically citedmay
become apparent to one of ordinary skill in the art following
review ofthe ensuing drawings and their associated detailed
description

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of various embodiments
will be apparent from the detailed description taken in con-
junction with the accompanying drawings in which:

FIG. 1 is a diagramview ofone embodiment ofa polariza-
tion control system;

FIG. 2 is a perspective view ofan antennahousing inwhich
a portion ofa radome has been cut away to reveal an antenna
array that may be used with the embodiment ofFIG. 1;

FIG. 3 is a perspective view ofone embodiment ofa circuit
card having a number ofhorizontal and vertical antenna ele-
ments that may form a portion ofthe antenna array ofFIG. 2;

FIG. 4 is an enlarged partial perspective view of the
antenna array ofFIG. 2;

FIG. 5A is an array ofblocks representing a plan view of
the antenna array ofFIG. 2;

FIG. 5B is an array ofblocks representing a plan view of
the antenna arrayofFIG. 2,wherein severalblocks are shaded
to indicate several corresponding antenna elements that have
an attenuated signal;

FIG. 5C is an array ofblocks representing a plan view of
the antenna arrayofFIG. 2,wherein severalblocks are shaded
to indicate several corresponding antenna elements that have
a phase shifted signal;

FIG. 6 is a flowchart depicting a sequence ofacts that may
be performed in order to adjust a beam polarization of an
electro-magnetic waveform that is produced by the embodi-
ment ofFIG. 1; and

FIG. 7is a planview ofthe antenna arrayofFIG. 2 showing
another embodiment wherein the amplitude of several
antenna elements may taper from a central region to an outer
perimeter of the antenna array.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

Example embodiments of the disclosure now will be
described more fully below with reference to the accompa-
nying drawings, in which several embodiments are shown.
Reference numerals used throughout this document refer to
like elements in the drawings.

FIG. 1 shows one embodiment of a polarization control
system 10 according to one embodiment of the present dis-
closure. The polarization control system 10 generally com-
prises a beam forming network 12that couples a signal input
line 14 to an antenna array 16.Antenna array 16has multiple
horizontal antenna elements 18 andmultiple vertical antenna
elements 20. The term “horizontal antenna elements” may
refer to a number ofantenna elements having a similar polar-
ity. The term “vertical antenna elements” may refer to a
number ofantenna elements having a similarpolarity andthe
polarity of the “vertical antenna elements” is different from
the polarity of the “horizontal antenna elements.”
Inoperation, the horizontal antenna elements 18may work

in conjunction to form a locus of electro-magnetic waves
having a horizontal polarity, and the vertical antenna ele-
ments 20 may work in conjunction to form a locus ofelectro-
magnetic waves having a vertical polarity. In one embodi-
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ment, the horizontal 18andvertical 20 antenna elementsmay
have any frequency of operation that has a relatively strong
polarization characteristic, such as those frequencies in the
micro-wave range. Given this characteristic, the beam form-
ing network 12may be operable to accept a signal from the
signal input line 14andprovide oneormore signals to eachof
the horizontal 18 and vertical 20 antenna elements in such a
manner that an electro-magnetic wave emanating therefrom
has any desirable beam polarization. That is, the beam form-
ing network 12may be operable to individually control each
antenna element 18 and 20 such that a locus ofelectro-mag-
netic waves emanating therefrom produces a resultant elec-
tro-magnetic wave having any desired beam polarization.
Beam forming network 12may include a signal distribu-

tion circuit 24, a plurality oftransmit/receivemodules 26, and
a control circuit 28. The signal distribution circuit 24may be
provided to distribute a signal from the signal input line 14 to
eachofthe transmit/receivemodules 26.Eachofthe transmit/
receivemodules 26may be coupled to eachone or a subset of
the horizontal 18, or vertical 20 antenna elements. Thus, the
horizontal 18andvertical 20 antenna elements are coupled to
the signal input line 14through its associated transmit/receive
module 26 and the signal distribution circuit 24. In one
embodiment, eachofthe transmit/receivemodules 26may be
operable tomodify a signal fromthe signal distribution circuit
24 into another signal having an attenuated amplitude or a
delayed phase shift. Control circuit 28 is operable to control
the output amplitude and phase shift ofeach ofthe transmit/
receive modules 26. In this manner, individual horizontal 18
or vertical 20 antenna elements may be independently modi-
fied inordertomanipulate the beampolarization ofthe result-
ing electro-magnetic wave emanating from the horizontal 18
and vertical 20 antenna elements.
As will be described in greater detail below, control ofthe

beam polarization of the resulting electro-magnetic wave
may be provided by modifying a signal to a subset of the
horizontal antenna elements 18 relative to the other plurality
ofhorizontal antenna elements 18andmodifying the signal to
a subset of the vertical antenna elements 18 relative to the
other plurality of vertical antenna elements 20. That is, a
signal may be provided to a subset of horizontal antenna
elements 18 that is different than the other plurality of hori-
zontal antenna elements 18 in order to proportionally modify
the resulting electro-magnetic waveform produced by the
horizontal antenna elements 18. The resulting electro-mag-
netic wave from vertical antenna elements 20may be propor-
tionally controlled in a similar manner.
Certain embodiments may provide advantage in that inde-

pendent control over particular subsets of the horizontal 18
andvertical 20antenna elementsmay allow greater resolution
of the resulting beam polarization produced by the antenna
array 16 for a given resolution capability provided by trans-
mit/receivemodules 26.That is, usage ofthe antenna array 16
according to the present disclosure may allow the usage of
transmit/receive modules 26 having a relatively lower reso-
lution capability in order to achieve comparable beam polar-
ization resolution with conventional antenna arrays with
transmit/receive modules having greater resolution capabil-
ity.
Conventional antenna arrays may typically require trans-

mit/receive modules having 4 to 6 bits ofresolution, whereas
transmit/receive modules 26 implemented according to the
present disclosuremay only require 1 to 3 bits ofresolution in
order to provide comparable beam polarization resolution.
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4
Bit resolution may be referred to as an amount of fractional
gradient that a proportional system may vary and may be
expressed as:

bit resolution:2(q“‘"'”"y 0/1”")

For example, a particular transmit/receive module having 3
bits ofresolutionmay have 23 or 8proportional values that an
outputted signal may have. It is known that production costs
ofthese transmit/receivemodules 26 are directlyproportional
to their bit resolution, therefore certain embodiments may
provide advantage in that relative costs to produce an antenna
array 16having aparticular beampolarization resolutionmay
be less expensive using the teachings of the present disclo-
sure.

FIG. 2 shows one embodiment ofthe antenna array 16that
may be implemented in a housing 32.As shown, the antenna
array 16 has a number of horizontal 18 and vertical 20 ele-
ments that are contiguously arranged in a generally planar
fashion. In order to provideprotection ofthe antenna array 16
from adverse environmental effects, a radome 34 may be
provided.

FIG. 3 shows a circuit card 40 that may have a number of
horizontal 18 and vertical 20 antenna elements formed
thereon. The antenna array 16 as shown in FIG. 2 may be
fashioned from a number of circuit cards 40 stacked one
beside each other. The circuit card 40 is shown having mul-
tiple horizontal 18 and vertical 20 antenna elements that may
be configuredto formonerow ofthe antenna array 16.Circuit
card 40 has several horizontal antenna elements 18 that may
be flared notch radiators. These flared notch radiators are
etched into an edge portion ofthe circuit card 40. Extending
from eachhorizontal antenna element 18is a vertical antenna
element 20 thatmay be amonopole radiator.Also included on
the circuit card 40 is a spacer 42 that may be a rectangular
shapedmetallic member.Also included are several electrical
components 44 that serve to form signal distribution circuit
24, transmit/receive modules 27, and/or control circuit 28.
Multiple circuit cards 40maybe stacked, oneuponanother, in
order to form the antenna array 16 as shown in FIG. 2.

FIG. 4 shows a portion of several circuit cards 40 that form
the antenna array 16ofFIG. 2. In this particular embodiment,
eachofthe horizontal 18andvertical 20 antenna elements are
interleaved with respect to one another. Each horizontal
antenna element 18, represented in this embodiment, by a
flared notch radiator is pairedwith a vertical antenna element
20, represented by a monopole radiator. In such a pairing,
each vertical antenna element 20 is shown centered between
a corresponding horizontal antenna element 18 to form an
interleaving of the antenna array 16. Although such a con-
figuration is shown in this embodiment, it should be under-
stood that other configurations can be utilized in other
embodiments of the disclosure. In this embodiment, the
monopole radiators are vertically polarized while the flared
notch radiators are horizontally polarized. Thus, the direction
ofthe polarization ofthemonopole radiatorsmay be orthogo-
nal to the direction of the polarization of the flared notch
radiators. In addition to separating each ofthe circuit boards
40, the spacers 42 may serve as reflection surfaces for the
vertical antenna elements 20.
The horizontal antenna elements 18 shown in the drawings

are a type ofnotch radiator commonly referred to as a flared
notch radiator. However, any type ofantenna element capable
ofradiating electro-magnetic energy at the desired frequency
of operation may be used with the teachings of the present
disclosure. Additionally, although the vertical antenna ele-
ments 20 are monopole radiators, any suitable antenna ele-
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ment capable ofradiating electro-magnetic energy at a beam
polarization angle different from the horizontal antenna ele-
ments 18may be used.
When excited simultaneously, the electric and magnetic

fields produced by each antenna element 18 and 20 combine
in free space in order to form a resulting waveform that is the
product ofthe electric andmagnetic field vector components
ofeach electro-magnetic waveform. For example, when two
horizontal antenna elements 18 are excited by a similar sig-
nal, the resulting waveform radiated into free spacepossesses
a similarphase anglehaving an amplitude that is twice that of
the waveform produced by a single antenna element 18.
When a horizontal 18 and vertical 20 antenna element are
each excited by signals that are in phase relative to one
another, a resulting electro-magnetic wave may be produced
that has a polarization angle ofapproximately 45 degrees. In
one embodiment, the beam forming network 12may be oper-
able to provide several differing signals to varying subsets of
each of the array ofhorizontal 18 and/or vertical 20 antenna
elements in such a manner that an electro-magnetic wave
emanating therefrom has any desirable beam polarization.A
subset may be referred to as any quantity of a particular
antenna element type that is a portion ofthe total quantity of
antenna elements of that particular type. For example, if the
antenna array 16 has a total quantity of 672 vertical antenna
elements 20, a subset ofthe vertical antenna elementsmay be
any quantity from 1 to 681 vertical antenna elements 20.

FIG. 5A shows an array ofblocks representing a plan view
ofthe array ofhorizontal 18 and vertical 20 elements ofFIG.
2. Each block represents one horizontal 18 and vertical 20
antenna element.As shown in this particular embodiment, the
antenna array 16has a total quantity of672horizontal antenna
elements 18 and 672 vertical antenna elements 20. For pur-
poses of description, the antenna array 16 is aligned along a
radial coordinate system such that the horizontal antenna
elements 18may emit electro-magnetic waves having a elec-
tric field that propagate from the array along the 0 to 180
degree axis. The vertical antenna elements 20 also may emit
electro-magnetic waves having an electric field that propa-
gates from the array along the 90 to 270 degree axis. Thus, in
order to create an electro-magnetic wave having a horizontal
polarization, a signalmaybe appliedto thehorizontal antenna
elements 18 while turning off the signal from the vertical
antenna elements 20.A vertically polarized electro-magnetic
wave may be produced by the antenna array 10 in a similar
mannerby turning offthe horizontal antenna elements 18and
exciting the vertical antenna elements 20.A circularly polar-
izedwavemay be createdby exciting both the horizontal and
vertical elements with 90 degree or 270 degree phase differ-
ence.
In one embodiment, an electro-magnetic wave may be

produced having virtually any angular phase shift or beam
polarizationby antenna array 16.Modifying the phase shift of
the resultant wave may be accomplished by adjusting the
amplitude or phase shift ofa subset ofeach ofthe horizontal
18 or vertical 20 antenna elements. That is, a subset of the
total quantity ofhorizontal 18orvertical 20 antenna elements
may be excited by a differing signal than is applied to the
other horizontal 18 or vertical 20 antenna elements respec-
tively. This differing signal may be obtained by modification
of an incoming signal from the signal input line 14. The
differing signal may be created by each of the transmit/re-
ceive modules 26. In one embodiment, each of the transmit/
receive modules 26 may be operable to provide a differing
signal that varies according to amplitude and/or phase shift.
In another embodiment, each transmit/receive module 26
may include a three-bit phase shifting circuit that is operable
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6
to manipulate the phase shift of the differing signal in incre-
ments of, for example, 45 degrees. In another embodiment,
eachtransmit/receivemodule26may include a one-bit ampli-
tude controlling circuit that is operable to manipulate the
differing signal from an“off” state to an “on” state.Aswill be
described in detail below, certain embodiments may provide
apolarization control system 10that requires transmit/receive
modules 26 having only three-bits phase resolution and one-
bit ofamplitude resolution.
In another embodiment, a scan angle ofthe resultant elec-

tro-magnetic wave may be accomplished by adjusting the
phase shift ofa subset ofeach ofthe horizontal 18 orvertical
20 antenna elements. Thus, the scan angle of the resulting
electro-magnetic wave may be manipulated by adding suit-
able phase shifts to phase shifts of a subset of each of the
horizontal 18orvertical 20 antenna elements used to manipu-
late its beam polarization.A scan angle is generally referred
to as the angular offset ofan electro-magnetic wave from the
boresight axis of the antenna array 16. Manipulation of the
scan anglemay also serve to control side lobes developed by
the antenna array 16 during operation.

FIG. 5B shows an array ofblocks representing a plan view
ofthe array ofhorizontal 18 and vertical 20 elements ofFIG.
2. In the example provided by this view, all of the horizontal
antenna elements 18are in the “on” state and have a 0 degree
phase shift with the exception of four horizontal antenna
elements indicated by shadedblocks 18'.Additionally, in this
example, the vertical antenna elements 20 are in the “off”
state such that the resulting electro-magnetic wave produced
by the antenna array 16 has a horizontal polarization. Out of
a total quantity of 672 horizontal antenna elements 18, eight
horizontal antenna elements 18' are in the “off” state. Thus,
the resulting electro-magnetic wave produced by the antenna
array is attenuated by the factor of 664/672 or 0.988. Any
subset of the horizontal antenna elements 18may be turned
off in a similar manner in order to effectively attenuate the
resulting electro-magnetic wave produced by the horizontal
antenna elements 18. Although the previous example
describes proportional attenuation of the electro-magnetic
wave produced by the horizontal antenna elements 18, the
electro-magnetic wave produced by the vertical antenna ele-
ments 20 may also be proportionally attenuated in a similar
manner.

FIG. 5C shows an array ofblocks representing a plan view
ofthe array ofhorizontal 18 and vertical 20 elements ofFIG.
2. In this particular example, all of the horizontal antenna
elements 18 with the exception of four horizontal antenna
elements indicated by shadedblocks 18"are in the “on” state
and have a 0 degree phase shift. The shaded blocks however,
indicate four horizontal antenna elements that are in the “on”
state and have a signal with phase shift of45 degrees applied
thereto. Additionally, all vertical antenna elements 20 are in
the “off” state. Thus, the resulting electro-magnetic wave
produced by the antenna array 16 may have a phase shift of
approximately 4/672*45 degrees. That is, when the horizon-
tal antenna elements 18 are excited by the two differing sig-
nals, the resulting electro-magnetic wave produced by the
antenna array 16 may have a phase shift of approximately
0.268 degrees. Thus, it may be seen that the effective phase
shift ofa resulting electro-magneticwavemay be proportion-
ally controlled using transmit/receive modules 26 having
only three-bits ofphase shift resolution. Although the previ-
ous example describes proportional phase shifting ofthe elec-
tro-magnetic wave produced by the horizontal antenna ele-
ments 18, the electro-magnetic wave of the vertical antenna
elements 20 may also be proportionally phase shifted in a
similar manner.



US 7,460,077 B2
7

In one aspect of the present disclosure, attenuation and
phase shifting of individual elements of each antenna type
may be combined in order to effectively modify the beam
polarization ofthe antenna array 16.The antenna typemay be
either the horizontal 18or vertical 20 antenna element. Inone
embodiment, adjustment ofthe attenuation andphase shift of
subsetsofhorizontal 18andvertical 20 antenna elementsmay
be applied in a manner such that an elliptical or circular
polarized electro-magnetic wave is produced by the antenna
array 16.

FIG. 6 shows a sequence ofacts that may be performed in
order to adjust the attenuation and phase shift of a subset of
each ofthe horizontal 18andvertical 20 antenna elements. In
act 100, aparticular antenna element type is selectedthat need
reduced amplitude to produce a desired beam polarization.
The particular antenna type may be either horizontal or ver-
tical antenna elements. The selected element type may be
chosen based upon a number of factors. In one embodiment,
the amplitude ofa particular element type may be chosen for
attenuation such that a circular polarized wave resulting
therefrom may provide reasonable symmetry throughout a
full rotation of the waveform. Next in act 102, the selected
element typemay be attenuatedby adjusting the amplitudeof
a subset ofthe total number ofantenna elements 18or 20 that
were selected in act 100. In one embodiment, the amplitude
may be adjusted such that the subset of antenna elements 18
or 20 are turned to the “off” state. In another embodiment, the
amplitude ofthe subset ofantenna elements 18 or 20may be
adjusted in incrementsusing aproportional attenuator suchas
a three-bit attenuator.
In act 104, the phase shift of a subset of the other non-

selected antenna elements 18or 20may be adjusted such that
the overall electro-magnetic wave produced by the antenna
array 16 approximates the desiredbeampolarization. In some
embodiments, acts 102 and 104 may produce an electro-
magnetic wave having suflicient beam polarization accuracy
and amplitude accuracy. Ifso, adjustmentofthe antenna array
16 is complete and the antenna array transmits the electro-
magnetic wave at the desired operating parameters, act 108.
However, acts 102and 104may be performed again if further
adjustment of the resultant waveform is desired as indicated
at act 106.
The previously describedmethodmay be used to create an

elliptical or circular polarized electro-magnetic wave having
relatively accurate symmetry. However usage of the adjust-
ment method of FIG. 6 may produce undesirable side lobe
patterns. In one embodiment, a remedy for these side lobe
patternsmay be to provide apredetermined attenuation factor
forparticular elementswithin the antenna array 16. In another
embodiment, a predetermined attenuation factor may be
applied to a number of segments ofantenna elements 18 and
20.

FIG. 7 shows the antenna array 16 of FIG. 2 where the
plurality ofantenna elements 18 and 20 have been delineated
into a number of segments 54. Each of the segments 54 may
include a subset of antenna elements 18 and 20. In this par-
ticular embodiment, each segment 54 has a quantity ofthirty-
sixhorizontal 18andvertical 20antenna elements arrangedin
a six-by-six configuration.
Each segment 54 within the antenna array 16 is provided

with a predetermined attenuation factor such that the ampli-
tude provided to each antenna element 18 or 20 tapers from
the central portion to the outer perimeter ofthe antenna array
16. Thus, segments 5411 have a predetermined attenuation
factor that may be approximately 0. That is, segments 54a
may be provided with a signal having effectively no prede-
termined attenuation. Segments 54b have an predetermined
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attenuation factor that may be approximately 0.394. Seg-
ments 540have anpredetermined attenuation factor that may
be approximately 0.558. Segments 54dhave a predetermined
attenuation factor that may be approximately 0.609. The pre-
viously cited attenuation factor values are normalized to 1.
The previous example describes one way of providing a

predetermined tapering amplitude to an antenna array 16;
however, it should be understood that the amplitude of indi-
vidual antenna elements 18 or 20 may be provided with a
predetermined tapering factor from the central portion to the
outerperimeterusing otherknown approaches.Thus, antenna
elements 18 and 20 proximate the central portion of the
antenna array 16may produce an electro-magneticwaveform
having agreater amplitudethan antenna elements in segments
54c and 54d. In operation, the predetermined attenuation
factors may be weighted with attenuation values provided by
each transmit/receive module 26. In this manner, an electro-
magnetic wave produced by the antenna array 16 may have
improved side lobe control and improved symmetry.
It will be apparent that many modifications and variations

may bemade to embodiments ofthe present disclosure, as set
forth above, without departing substantially from the prin-
ciples of the present disclosure. Therefore, all such modifi-
cations and variations are intended to be included herein
within the scope of the present disclosure, as defined in the
claims that follow.

What is claimed is:
1.A polarization control system for an antenna array com-

prising:
a plurality of first antenna elements comprising flared
notch antenna elements having a generally horizontal
direction ofpolarization;

a plurality of second antenna elements comprising mono-
pole antenna elements having a generally vertical direc-
tion ofpolarization, the horizontal direction ofpolariza-
tion being substantially orthogonal to the vertical
directionofpolarization, the plurality offirst and second
antenna elements are contiguously arranged in a gener-
ally planar fashion, the first and second antenna ele-
ments having apredetermined amplitudeweighting fac-
tor that tapers from a central region to anouterperimeter
ofthe plurality offirst and secondantenna elements; and

abeam formingnetwork coupledto theplurality offirst and
second antenna elements and operable to:
attenuate only an amplitude of a first subset of the plu-
rality offirst antenna elements,wherein the amplitude
is either off or on; and

shift a phase ofa second subsetofthe plurality ofsecond
antenna elements.

2. The polarization control system ofclaim 1,wherein the
phase varies in increments ofnot less than 45 degrees.
3.A polarization control system for an antenna array com-

prising:
a plurality of first antenna elements comprising flared
notch antenna elements having a generally horizontal
direction ofpolarization;

a plurality of second antenna elements comprising mono-
pole antenna elements having a generally vertical direc-
tion ofpolarization, the horizontal direction ofpolariza-
tion being substantially orthogonal to the vertical
directionofpolarization, the plurality offirst and second
antenna elements are contiguously arranged in a gener-
ally planar fashion, the first and second antenna ele-
ments having apredetermined amplitudeweighting fac-
tor that tapers from a central region to anouterperimeter
ofthe plurality offirst and secondantenna elements; and
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abeam formingnetwork coupledto theplurality offirst and
second antenna elements and operable to:
attenuate only an amplitude of a first subset of the plu-
rality of first antenna elements, and

shift a phase ofa second subset ofthe plurality ofsecond
antenna elements, wherein the phase varies in incre-
ments ofnot less than 45 degrees.

4. The polarization control system ofclaim 3, wherein the
amplitude is either off or on.
5.A polarization control system for an antenna array com-

prising:
a plurality offirst antenna elements having a first direction
ofpolarization;

a plurality of second antenna elements having a second
direction of polarization, the second direction of polar-
ization being different than the first direction of polar-
ization; and

abeam formingnetwork coupledto theplurality offirst and
second antenna elements and operable to:
provide a second signal to a first subsetofthe plurality of
first antenna elements that is different from a first
signal that is provided to the other plurality of first
antenna elements; and

provide a third signal to a second subset ofthe plurality
of second antenna elements that is different from the
first signal that is provided to the other plurality of
second antenna elements.

6. The polarization control system ofclaim 5,wherein the
second or third signal differs from the first signal by ampli-
tude.
7. The polarization control system ofclaim 6, wherein the

second or third signal differs from the first signal essentially
only by amplitude.
8. The polarization control system ofclaim 6, wherein the

amplitude of the second or third signal is either offor on.
9. The polarization control system ofclaim 6, wherein the

amplitudeofthe secondor third signalvaries with less than or
equal to three bits of resolution.
10.Thepolarization control systemofclaim 5,wherein the

second or third signal differs from the first signal by phase.
11. The polarization control system of claim 10, wherein

the second or third signal differs from the first signal only by
phase.
12. The polarization control system of claim 10, wherein

the phase ofthe second or third signal varies in increments of
not less than 45 degrees.
13.Thepolarization control systemofclaim 5,wherein the

first direction of polarization is orthogonal to the second
direction ofpolarization.
14.Thepolarization control systemofclaim 5,wherein the

plurality of first or second antenna elements are monopole
radiators.
15.Thepolarization control systemofclaim 5,wherein the

plurality of first or second antenna elements are flared notch
radiators.
16.Thepolarization control systemofclaim 5,wherein the

plurality of first and second elements are contiguously
arranged in a generally planar fashion, the first and second
elements having a predetermined amplitudeweighting factor
that tapers from a central region to an outer perimeter of the
plurality of first and second elements.
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17.A method comprising:
adjusting a beam polarization ofan antenna array, wherein
adjusting the beam polarization of the antenna array
comprises:
providing a plurality of first antenna elements having a
first directionofpolarization and aplurality ofsecond
antenna elements having a second direction ofpolar-
ization, the second direction of polarization being
different than the first direction ofpolarization;

attenuating an amplitude of an electro-magnetic wave
produced by the plurality offirst antenna elements by
adjusting the amplitude ofa first subset ofthe plural-
ity of the first antenna elements; and

producing an electro-magnetic wave by the plurality of
first and second antenna elements that generally
approximates the beam polarization by adjusting a
phase shift of a second subset of the plurality of the
second antenna elements.

18.The method ofclaim 17,wherein the act ofproducing
an electro-magnetic wave by the plurality offirst and second
antenna elements that generally approximates the beam
polarization comprises producing an electro-magnetic wave
by the plurality of first and second antenna elements that
generally approximates a circularpolarized electro-magnetic
wave.
19. The method ofclaim 17, further comprising:
wherein the act ofproviding a plurality offirst and second
elements further comprises providing a plurality offirst
and secondelements that are contiguously arranged on a
generally flat surface; and

tapering the amplitudeofthe signal froma central region to
an outermost region of the plurality of first and second
elements.

20. The method ofclaim 17, further comprising maintain-
ing the phase ofthe first subset ofthe plurality offirst antenna
elements at a relatively constant level.
21. The method ofclaim 17, further comprising maintain-

ing the amplitude of the second subset of the plurality of
second antenna elements at a relatively constant level.
22. A method for adjusting a beam polarization of an

antenna array comprising:
providing aplurality offirst antenna elements having a first
direction of polarization and a plurality of second
antenna elements having a second direction ofpolariza-
tion, the second direction ofpolarization being different
than the first direction ofpolarization;

attenuating an amplitude ofan electro-magnetic wave pro-
duced by the plurality of first antenna elements by
adjusting the amplitudeofafirst subsetofthe plurality of
the first antenna elements;

producing an electro-magneticwaveby the plurality offirst
and second antenna elements that generally approxi-
mates the beam polarizationby adjusting aphase shift of
a second subset of the plurality of the second antenna
elements; and

maintaining the phase ofthe first subset ofthe plurality of
first antenna elements at a relatively constant level.

23. A method for adjusting a beam polarization of an
antenna array comprising:
providing aplurality offirst antenna elements having a first
direction of polarization and a plurality of second
antenna elements having a second direction ofpolariza-
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tion, the second direction ofpolarization being different mates the beam polarizationby adjusting aphase shift of
than the first direction ofpolarization: a second subset of the plurality of the second antenna

attenuating an amplitude ofan electro-magnetic wave pro- elements; and
duced by the plurality of first antenna elements by maintaining the amplitude ofthe second subset ofthe plu-
adjusting the amplitudeofafirst subset ofthe plurality of 5 rality ofsecondantenna elements at a relatively constant
the first antenna elements; level.

producing anelectro-magneticwaveby the plurality offirst
and second antenna elements that generally approxi-


