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The method comprises: forming a radiator (106);
forming a dielectric with ferroelectric material
proximate to the radiator (104); applying a
voltage to the ferroelectric material; in response
to applying the voltage, generating a dielectric
constant; and, in response to the dielectric
constant, communicating  electromagnetic
fields at a resonant frequency. Some aspects
of the method further comprise: varying the
applied voltage; and, modifying the resonant
frequency in response to changes in the applied
voltage.  Modifying the resonant frequency
includes forming an antenna with a variable
operating frequency responsive to the applied
voltage. Alternately stated, forming an antenna
with a variable operating frequency includes
forming an antenna with a predetermined fixed
characteristic impedance, independent of the
resonant frequency.
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FERROELECTRIC ANTENNA
AND METHOD FOR TUNING SAME

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application
60/283,093, filed April 11, 2001, which is hereby incorporated by reference. In
addition, this application relates to the following U.S. applications, which are
hereby incorporated by reference: 09/904,631 filed on J uly 13, 2001, by Stanley S.
Toncich entitled “Ferro-Electric Tunable Filter”; 09/912,7583 filed on July 24, 2001
by Stanley S. Toncich entitled “Tunable Ferro-Electric Multiplexer”; 09/927,732
filed on August 8, 2001, by Stanley S. Toncich entitled “Low Loss Tunable Ferro-
Electric Device and Method of Characterization”; 09/927,136 filed on August 10,
2001, by Stanley S. Toncich entitled “Tunable Matching Circuit”; 10/044,522 filed on
January 11, 2002, by Stanley S. Toncich entitled “Tunable Planar Capacitor”;
10/077,654 filed on February 14, 2002, by Stanley S. Toncich entitled “Tunable
Isolator Matching Circuit”; 10/076,171 filed on February 12, 2002, by Stanley S.
Toncich entitled “Antenna Interface Unit”; 10/075,896 filed February 12, 2002, by
Stanley S. Toncich entitled “Tunable Antenna Matching Circuit”; 10/075,727 filed
February 12, 2002, by Stanley S. Toncich and Tim Forrester entitled “Tunable Low
Noise Amplifier”; 10/075,507 filed on February 12, 2002, by Stanley S. Toncich
entitled “Tunable Power Amplifier Matching Circuit”.

BACKGROUND OF THE INVENTION
1. Field of the Invention
This invention generally relates to wireless communication antennas
and, more particularly, to a system and method for tuning an antenna with the aid
of a ferroelectric dielectric material.
2. Description of the Related Art
There are several types of conventional antenna designs that

incorporate the use of a dielectric material. Generally speaking, a portion of the
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field that is generated by the antenna returns to the counterpoise (ground), from the
radiator, through the dielectric. The antenna is tuned to be resonant at frequencies,
and the wavelengths of the radiator and dielectrics have an optimal relationship at
the resonant frequency. The most common dielectric is air, with a dielectric
constant of 1. The dielectric constants of other materials are defined with respect to
air.

Ferroelectric materials have a dielectric constant that changes in
response to an applied voltage. Because of their variable dielectric constant,
ferroelectric materials are good candidates for making tunable components. Under
presently used measurement and characterization techniques, however, tunable
ferroelectric components have gained the reputation of being consistently and
substantially lossy, regardless of the processing, doping or other fabrication
techniques used to improve their loss properties. They have therefore not been
widely used. Ferroelectric tunable components operating in RF or microwave
regions are perceived as being particularly lossy. This observation is supported by
experience in Radar applications where, for example, high radio frequency (RF) or
microwave loss is the conventional rule for bulk (thickness greater than about 1.0
mm) FE (ferroelectric) materials especially when maximum tuning is desired. In
general, most FE materials are lossy unless steps are taken to improve (reduce)
their loss. Such steps include, but are not limited to: (1) pre and post deposition
annealing or both to compensate for O2 vacancies, (2) use of buffer layers to reduce
surfaces stresses, (8) alloying or buffering with other materials and (4) selective
doping.

As demand for limited range tuning of lower power components has
increased in recent years, the interest in ferroelectric materials has turned to the
use of thin film rather than bulk materials. The assumption of high ferroelectric
loss, however, has carried over into thin film work as well. Conventional broadband
measurement techniques have bolstered the assumption that tunable ferroelectric
components, whether bulk or thin film, have substantial loss. In wireless

communications, for example, a Q of greater than 80, and preferably greater than
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180 and, more preferably, greater than 350, is necessary at frequencies of about 2
GHz. These same assumptions apply to the design of antennas.

Tunable ferroelectric components, especially those using thin films,
can be employed in a wide variety of frequency agile circuits. Tunable components
are desirable because they can provide smaller component size and height, lower
insertion loss or better rejection for the same insertion loss, lower cost and the
ability to tune over more than one frequency band. The ability of a tunable
component that can cover multiple bands potentially reduces the number of
necessary components, such as switches that would be necessary to select between
discrete bands were multiple fixed frequency components used. These advantages
are particularly important in wireless handset design, where the need for increased
functionality and lower cost and size are seemingly contradictory requirements.
With code division multiple access (CDMA) handsets, for example, performance of
individual components is highly stressed.

| It is known to use ferroelectric materials for the purpose of frequency
tuning antennas. However, the use of FE dielectric materials has not always been
effective, especially if the FE materials are not located in the regions of greatest
electromagnetic filed densities. In the case of a conventional patch antenna, the
region of greatest electromagnetic fields is between the radiator and the
counterpoise (ground). As a result of ineffective FE dielectric placement, the
changes in dielectric constant have a minimal effect on changes in the resonant
frequency of the antenna. To achieve a useful change in resonant frequency, these
conventional FE dielectric antennas have had to rely on multiple radiators.

It would be advantageous if the resonant frequency of an antenna
could be selectable during use.

It would be advantageous if FE material could be used to control the
resonant frequencies of an antenna.

It would be advantageous if the resonant frequency of an FE material

antenna could be changed in response to applying a voltage to the FE material.
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It would be advantageous if FE material antenna could be used to
effectively change the resonant frequency of a conventional design antenna with a

single radiator.

SUMMARY OF THE INVENTION

The present invention describes antennas fabricated with FE
materials as a dielectric. The dielectric constant of the FE material can be
controlled by an applied voltage. Because there is a fixed relationship between
dielectric constant and resonant frequency, the resonant frequency of the antenna
can be controlled using the applied voltage.

Accordingly, a method is provided for frequency tuning a single-band
wireless communications antenna. The method comprises: forming a radiator;
forming a dielectric with ferroelectric material proximate to the radiator; applying a
voltage to the ferroelectric material; in response to applying the voltage, generating
a dielectric constant; and, in response to the dielectric constant, communicating
electromagnetic fields at a resonant frequency. Some aspects of the method further
comprise: varying the applied voltage; and, modifying the resonant frequency in
response to changes in the applied voltage.

Modifying the resonant frequency includes forming an antenna with a
variable operating frequency responsive to the applied voltage. Alternately stated,
forming an antenna with a variable operating frequency includes forming an
antenna with a predetermined fixed characteristic impedance, independent of the
resonant frequency.

In some aspects of the method forming a radiator includes forming a
single-radiator.

In some aspects of the method forming a dielectric with ferroelectric
material includes: forming the dielectric with a dielectric material from a first
material having a fixed dielectric constant; and, forming the dielectric with the

ferroelectric material having a variable dielectric constant. Then, modifying the
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resonant frequency includes modifying the resonant frequency in response to the
varying the dielectric constant of the ferroelectric material.

In ofiher aspects, forming a dielectric with ferroelectric material
includes forming the dielectric with a plurality of dielectric materials, each from a
material having a fixed dielectric constant. Alternately or in addition, forming a
dielectric with ferroelectric material includes forming the dielectric with a plurality
of ferroelectric materials, each having a variable dielectric constant.

Additional details of the above-described method and 4 family of

antennas fabricated with a FE material dielectric are described below.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1a through 1c are views of the present invention patch antenna
with a selectable operating frequency.

Fig. 2 is a cross-sectional drawing illustrating an alternate aspect of
the patch antenna of Fig. la.

Fig. 3 is a cross-sectional drawing illustrating an alternate aspect of
the patch antenna of Fig. 1a with multiple fixed dielectric constant layers.

Fig. 4 is a cross-sectional drawing illustrating an alternate aspect of
the patch antenna of Fig. 1a with an internal layer of FE material.

Figs. ba through 9e illustrate a family of present invention slot
antennas.

Figs. 10a though 10d are illustrations of the present invention open-
ended waveguide antenna.

Figs. 11a through 11e are views of the present invention horn antenna
with a selectable operating frequency.

Figs. 12a through 12f are depictions of the present invention monopole
antenna with a selectable operating frequency.

Figs. 13a through 13f are drawings of the present invention dipole

antenna with a selectable operating frequency.
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Fig. 14 is a flowchart illustrating the present invention method for
frequency tuning a single-band wireless communications antenna.

Fig. 15 is a flowchart illustrating an alternate aspect of the method
depicted in Fig. 14.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention describes a family of antennas with a selectable
operating frequency. Generally, each antenna includes a radiator and a dielectric
with ferroelectric material proximate to the radiator having a variable dielectric
constant. The radiator is resonant at a frequency responsive to the dielectric
constant of the ferroelectric material. Some antennas include a counterpoise to the
radiator. Other antenna designs include a counterpoise and radiator that are
arbitrarily designated. Yet other designs include a counterpoise and radiator that
are not distinctly distinguishable from each other.

In one aspect of the present invention, the family of antennas
presented below have an FE dielectric layer included to effectively tune the
resonant frequency of a single-radiator antenna, unlike prior art antennas which
rely upon multiple radiators to achieve any appreciable bandwidth or resonant
frequency change. The present invention single-radiator antennas are defined
herein as single-band, in that they each have one fundament frequency (excluding
the consideration of harmonics of the fundamental) of resonance corresponding to
the single radiator. In another aspect of the present invention family of antennas
the FE dielegtric is located in the regions of densest electromagnetic fields between
the radiator and counterpoise (or virtual counterpoise). As a result, changes in the
dielectric constant of the FE material produce significant changes in the resonant
frequency of the antenna.

Figs. 1a through 1c are views of the present invention patch antenna
with a selectable operating frequency. Fig. 1a is a perspective view of a single-band
patch antenna that may have half-wavelength radiator dimensions. The patch

antenna 100 comprises a counterpoise 102 and a dielectric with ferroelectric
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material 104 overlying the counterpoise. The dielectric has a varying dielectric
constant responsive to a voltage applied to the ferroelectric material. At least one
radiator 106 overlies the dielectric 104 having a resonant frequency responsive to
the dielectric constant. In some aspects of the patch antenna 100, the dielectric 104
1s a layer consisting entirely of FE material. The principles and design of patch
antennas are well understood by those skilled in the art and are not repeated here
in the interest of brevity. Although the use of FE material gives a patch antenna a
wider range of selectable operating frequencies, the general principles of design are
not changed by the present invention FE material. A coaxial feedline 108 has a
center conductor 110 connected to the radiator 106 and a ground connected to the
counterpoise 102.

Fig. 1b is a plan view of the patch antenna 100 of Fig. 1a. Typically,
the dielectric with FE material is only placed in the vicinity of the radiator 106.
Area 112 may be a dielectric with a fixed constant. In alternate embodiments not
shown, the FE dielectric 104 may surround the radiator 106 evenly on all sides, or
the dielectric areas 104 and 112 may be formed symmetrically around the radiator
106.

Fig. 1cis a cross-sectional view of an inverted-F planar antenna, such
as might be suitable with quarter-wavelength radiator dimensions. The FE
dielectric 104 is shown interposed between the single-radiator 106 and the
counterpoise 102, however, other FE dielectric patterns and distributions are also
practical.

The antenna 100 has a predetermined fixed characteristic impedance
independent of the resonant frequency. That is, the input impedance remains 50
ohms for example, despite the operating frequency selected. Alternately, it can be
said that the antenna 100 has a predetermined approximately constant gain
independent of the resonant frequency.

Fig. 2 is a cross-sectional drawing illustrating an alternate aspect of
the patch antenna of Fig. 1a. As shown, the dielectric 104 includes at least one

dielectric layer 200 formed from a first material with a fixed dielectric constant and
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a dielectric 202 formed from a ferroelectric material with a variable dielectric
constant, adjacent the dielectric 200 with the fixed dielectric constant. As shown,
the dielectric with the FE material 202 overlies the dielectric with the fixed
dielectric constant 200. Typically a voltage is applied to a conductor in the vicinity
of the FE dielectric layer 202 to create a desired dielectric constant. The voltage,
represented by the “+” and “-“ signs can be supplied by voltage generator 203. In
some aspects, an electrical insulator (not shown) can be interposed between layer
202 and the conductive radiator 106 to isolate the bias voltage from the ac signal
voltage. However, a sheet of conductor is usually required to evenly distribute the
bias voltage over the FE dielectric 202 that interferes with the antenna tuning.
Therefore, the dc voltage is typically superimposed upon ac signal being conducted
by the radiator, and the reference ground is supplied to the counterpoise 102.
Alternately but not shown, the dielectric formed with the fixed dielectric constant
200 overlies the dielectric with the ferroelectric material 202. Again, an insulator
might be interposed between the FE dielectric layer 202 and the conductive
counterpoise, and a reference ground supplied that is different from the voltage at
the countérpoise. However as shown, the FE dielectric layer is typically biased with
a reference ground supplied to the counterpoise. Note, in some aspects of the
antenna the bias voltage polarities are reversed from the polarity shown.

Fig. 3 is a cross-sectional drawing illustrating an alternate aspect of
the patch antenna of Fig. 1a with multiple fixed dielectric constant layers. The
dielectric with the fixed dielectric forms a first layer 200a underlying the dielectric
with the fixed dielectric constant 202, and a second layer 200b overlies the dielectric
with the ferroelectric material 202. The two fixed dielectric layers need not
necessarily have the same dielectric constant. Further, the use of three or more
layers of fixed dielectric is also possible. Alternately but not shown, multiple FE
layers can be formed around a fixed dielectric layer, or multiple layers of both fixed
dielectric and FE layers can be used. The multiple FE dielectric layers may have
different thickness, be made of different FE materials, or otherwise have different

dielectric constants with respect to the same voltage.
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Fig. 4 is a cross-sectional drawing illustrating an alternate aspect of
the patch antenna of Fig. 1a with an internal layer of FE material. As shown, the
dielectric with the ferroelectric material 202 is formed internal to the dielectric 200
with the fixed dielectric constant. Alternately but not shown, the dielectric with the
fixed dielectric constant 200 is formed internal to the FE dielectric 202. Further,
multiple internal FE dielectric regions could be used.

In some aspects, the dielectric with ferroelectric material 202 is formed

from barium strontium titanate, Ba,Sr; ,TiO, (BSTO). However, alternate FE

materials are well known and may perform equivalently. Returning the Fig. 2 for
example, the dielectric with ferroelectric material 202 can be formed in a thin film
layer having a thickness 206 in the range from 0.15 to 2 microns. Alternately, the
dielectric with ferroelectric material 202 is formed in a thick film having a thickness
206 in the range from 1.5 to 1000 microns. In some aspects, the dielectric with
ferroelectric material has a dielectric constant in the range between 100 and 5000
at zero volts. In other aspects, the dielectric formed from the first material with a
fixed dielectric constant 200 and the dielectric formed from the ferroelectric
material 202 have a composite dielectric constant in the range between 2 and 100 at
zero volts.

The dielectric constant of the FE material can be manipulated through
doping and control of the Curie temperature (Tc). Some popular dopant materials
are tungsten (W), manganese (Mn), and magnesium (Mg), introduced as oxides.
However, other equivalent elements in the same column of the periodic table may
also be practical. An FE material has its greatest dielectric constant at Tc, with the
dielectric falling off rapidly with changes of temperature in either direction.
However, there is typically less change in dielectric constant for temperature above
Tec. Therefore, the Tc of an FE material is typically chosen to be below the operating
temperature seen by the dielectric material.

An antenna built with a dielectric constant of 1 (air) has less loss than
an antenna built with higher dielectric constant material. However, higher

dielectric constant materials are often useful in reducing the size (the effective
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wavelength) of antennas. Generally, an antenna designer seeks a dielectric
material with dielectric constant of less than 100. The FE material dielectric
constants can be reduced by adding dopants at the cost of variability (less change in
dielectric constant per bias volt). Suitable tradeoffs between Tc and doping can
make practical a greater than 2:1 change in FE material dielectric for less than a
volt change in bias voltage.

Figs. ba through e illustrate a family of present invention slot
antennas. Generally, each single-band slot antenna includes a counterpoise and a
dielectric with ferroelectric material overlying the counterpoise. However, some
slots antennas can be understood as just having a radiator, or having a virtual
radiator and virtual counterpoise. A slot, formed in either the counterpoise or the
radiator has an electrical length responsive to the dielectric constant and the
dielectric has a varying dielectric constant responsive to a voltage applied to the
ferroelectric material. A radiator overlies and is proximate to the dielectric.

It 1s also generally true that the radiator in each of the slot designs has
a predetermined fixed characteristic impedance independent of the resonant
frequency. That is, the electrical length of the slot(s) is constant with respect to the
resonant frequency. Alternately, the radiator has a predetermined approximately
constant gain independent of the resonant frequency. It is also generally true that
the slot (or slots) have an electrical length that varies in response to the dielectric
constant(s) to be either approximately one-half wavelength of the resonant
frequency with respect to the dielectric, or approximately one-quarter wavelength of
the resonant frequency with respect to the dielectric. The principles and design of
slot antennas are well understood by those skilled in the art and are not repeated
here in the interest of brevity. Although the use of FE material gives a slot antenna
a wider range of selectable operating frequencies, the general principles of design
are not changed by the present invention FE material.

Fig. 5a is a perspective view of the present invention microstrip slot
antenna 500. A counterpoise 502, a radiator 504, and a dielectric with ferroelectric

material 506 form the microstrip. Typically, the dielectric with ferroelectric
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material 506 is located in the vicinity of the slot, as shown. Away from the slot a
different dielectric 507 may be used with a fixed dielectric constant. A slot 508 is
formed in the counterpoise 502. As shown, the slot 508 is transverse to the radiator
504, but it need not be. In other aspects of the microstrip slot 500, a plurality of
slots (not shown) are used.

Fig. bb is a cross-sectional drawing illustrating an alternate aspect of
the microstrip slot antenna of Fig. 5a. As shown, the dielectric 506 includes at least
one dielectric layer 510 formed from a first material with a fixed dielectric constant
and a dielectric 512 formed from a ferroelectric material with a variable dielectric
constant, adjacent the dielectric 510 with the fixed dielectric constant. As shown,
the dielectric with the FE material 512 overlies the dielectric with the fixed
dielectric constant 510. Typically a voltage is applied to a conductor in the vicinity
of the FE dielectric layer 512 to create a desired dielectric constant. The voltage,
represented by the “+” and “-“ signs can be supplied. In some aspects, an electrical
insulator (not shown) can be interposed between layer 512 and the conductive
radiator 504 to isolate the bias voltage from the ac signal voltage. However, a sheet
of conductor is usually required to evenly distribute the bias voltage over the FE
dielectric 512 that interferes with the antenna tuning. Therefore, the dc voltage is
typically superimposed upon ac signal being conducted by the radiator, and the
reference ground is supplied to the counterpoise 502. Alternately but not shown,
the dielectric formed with the fixed dielectric constant 510 overlies the dielectric
with the ferroelectric material 512. Again, an insulator might be interposed
between the FE dielectric layer 512 and the conductive counterpoise, and a
reference ground supplied that is different from the voltage at the counterpoise.
However as shown, the FE dielectric layer is typically biased with a reference
ground supplied to the counterpoise. Note, in some aspects of the antenna the bias
voltage polarities are reversed from the polarities shown.

Fig. 5¢ is a cross-sectional drawing illustrating an alternate aspect of
the microstrip slot antenna of Fig. 5a with multiple fixed dielectric constant layers.

The dielectric with the fixed dielectric forms a first layer 510a underlying the

11
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dielectric with the fixed dielectric constant 512, and a second layer 510b overlies the
dielectric with the ferroelectric material 512. The two fixed dielectric layers need
not necessarily have the same dielectric constant or thickness. Further, three or
more fixed dielectric layers may be used. Alternately but not shown, multiple FE
layers can be formed around a fixed dielectric layer, or multiple layers of both fixed
dielectric and FE layers can be used. The multiple FE dielectric layers may have
different thickness, be made of different FE materials, or otherwise have different
dielectric constants with respect to the same voltage.

Fig. 5d is a cross-sectional drawing illustrating an alternate aspect of
the microstrip slot antenna of Fig. 5a with an internal layer of FE material. As
shown, the dielectric with the ferroelectric material 512 is formed internal to the
dielectric 510 with the fixed dielectric constant. In some aspects, multiple FE
internal regions can be formed. Alternately but not shown, the dielectric with the
fixed dielectric constant 510 is formed internal to the FE dielectric 512. Again,
additional electrical insulators might be used to isolate from the counterpoise 502
and radiator 504 from the FE layer 512.

In some aspects, the dielectric with ferroelectric material 512 is formed

from barium strontium titanate, Ba Sr; TiO; (BSTO). However, alternate FE

materials are well known and may perform equivalently. Returning the Fig. 5b for
example, the dielectric with ferroelectric material 512 can be formed in a thin film
layer having a thickness 514 in the range from 0.15 to 2 microns. Alternately, the
dielectric with ferroelectric material 512 is formed in a thick film having a thickness
514 in the range from 1.5 to 1000 microns. In some aspects, the dielectric with
ferroelectric material has a dielectric constant in the range between 100 and 5000
at zero volts. In other aspects, the dielectric formed from the first material with a
fixed dielectric constant and the dielectric formed from the ferroelectric material
have a composite dielectric constant in the range between 2 and 100 at zero volts.
The dielectric constant of the FE material can be manipulated through
doping and control of the Curie temperature (Tc). Some popular dopant materials

are tungsten (W), manganese (Mn), and magnesium (Mg), introduced as oxides.
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However, other equivalent elements in the same column of the periodic table may
also be practical. An FE material has its greatest dielectric constant at Te, with the
dielectric falling off rapidly with changes of temperature in either direction.
However, there is typically less change in dielectric constant for temperature above
Te. Therefore, the Tc of an FE material is typically chosen to be below the operating
temperature seen by the dielectric material.

An antenna built with a dielectric constant of 1 (air) has less loss than
an antenna built with higher dielectric constant material. However, higher
dielectric constant materials are often useful in reducing the size (the effective
wavelength) of antennas. Generally, an antenna designer seeks a dielectric
material with dielectric constant of less than 100. The FE material dielectric
constants can be reduced by adding dopants at the cost of variability (less change in
dielectric constant per bias volt). Suitable tradeoffs between Tc and doping can
make practical a greater than 2:1 change in FE material dielectric for less than a
volt change in bias voltage.

Fig. 6a is a perspective view of the present invention coaxial slot
antenna 600. The counterpoise 602, radiator 604, and dielectric with FE material
606 form a coaxial line with a slot 608 in the counterpoise 602. The FE dielectric
606 1is proximate to the slot 608. Away from the slot a different dielectric 607 with a
fixed dielectric constant can be used. As shown, the slot 608 is transverse to the
radiator 604, but it need not be. In other aspects of the coaxial slot antenna 600, a
plurality of slots (not shown) are used.

Fig. 6b is a cross-sectional drawing illustrating an alternate aspect of
the coaxial slot antenna of Fig. 6a. As shown, the dielectric 606 includes at least
one dielectric layer 610 formed from a first material with a fixed dielectric constant
and a dielectric 612 formed from a ferroelectric material with a variable dielectric
constant, adjacent the dielectric 610 with the fixed dielectric constant. As shown,
the dielectric with the FE material 612 overlies the dielectric with the fixed

dielectric constant 610.
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Typically a voltage is applied to a conductor in the vicinity of the FE dielectric layer
612 to create a desired dielectric constant. The voltage, represented by the “+” and
“-“ signs can be supplied. In some aspects, an electrical insulator (not shown) can be
interposed between layer 612 and the conductive radiator 604 to isolate the bias
voltage from the ac signal voltage. However, a sheet of conductor is usually
required to evenly distribute the bias voltage over the FE dielectric 612 that
interferes with the antenna tuning. Therefore, the dc voltage is typically
superimposed upon ac signal being conducted by the radiator, and the reference
ground is supplied to the counterpoise 602. Alternately but not shown, the
dielectric formed with the fixed dielectric constant 610 overlies the dielectric with
the ferroelectric material 612. Again, an insulator might be interposed between the
FE dielectric layer 612 and the conductive counterpoise, and a reference ground
supplied that is different from the voltage at the counterpoise. However as shown,
the FE dielectric layer is typically biased with a reference ground supplied to the
counterpoise. Note, in some aspects of the antenna the bias voltage polarities are
reversed from the polarities shown.

Fig. 6¢c is a cross-sectional drawing illustrating an alternate aspect of
the coaxial slot antenna of Fig. 6a with multiple fixed dielectric constant layers.
The dielectric with the fixed dielectric forms a first layer 610a underlying the
dielectric with the fixed dielectric constant 612, and a second layer 610b overlies the
dielectric with the ferroelectric material 612. The two fixed dielectric layers need
not necessarily have the same dielectric constant or thickness. Further, three or
more fixed dielectric layers may be used. Alternately but not shown, multiple FE
layers can be formed around a fixed dielectric layer, or multiple layers of both fixed
dielectric and FE layers can be used. The multiple FE dielectric layers may have
different thickness, be made of different FE materials, or otherwise have different
dielectric constants with respect to the same voltage.

Fig. 6d is a cross-sectional drawing illustrating an alternate aspect of
the coaxial slot antenna of Fig. 6a with an internal layer of FE material. As shown,

the dielectric with the ferroelectric material 612 is formed internal to the dielectric
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610 with the fixed dielectric constant. Note, multiple internal regions can be
formed although only one is shown. Alternately but not shown, the dielectric with
the fixed dielectric constant 610 is formed internal to the FE dielectric 612. Again,
additional electrical insulators might be used to isolate from the counterpoise 602
and radiator 604 from the FE layer 612.

In some aspects, the dielectric with ferroelectric material 612 is formed

from barium strontium titanate, Ba,Sr, /TiO; (BSTO). However, alternate FE

materials are well known and may perform equivalently. Returning the Fig. 6b for
example, the dielectric with ferroelectric material 612 can be formed in a thin film
layer having a thickness 614 in the range from 0.15 to 2 microns. Alternately, the
dielectric with ferroelectric material 612 is formed in a thick film having a thickness
614 in the range from 1.5 to 1000 microns. In some aspects, the dielectric with
ferroelectric material has a dielectric constant in the range between 100 and 5000
at zero volts. In other aspects, the dielectric formed from the first material with a
fixed dielectric constant and the dielectric formed from the ferroelectric material
have a composite dielectric constant in the range between 2 and 100 at zero volts.

The dielectric constant of the FE material can be manipulated through
doping and control of the Curie temperature (Tc). Some popular dopant materials
are tungsten (W), manganese (Mn), and magnesium (Mg), introduced as oxides.
However, other equivalent elements in the same column of the periodic table may
also be practical. An FE material has its greatest dielectric constant at Tc, with the
dielectric falling off rapidly with changes of temperature in either direction.
However, there is typically less change in dielectric constant for temperature above
Tc. Therefore, the Tc of an FE material is typically chosen to be below the operating
temperature seen by the dielectric material.

An antenna built with a dielectric constant of 1 (air) has less loss than
an antenna built with higher dielectric constant material. However, higher
dielectric constant materials are often useful in reducing the size (the effective
wavelength) of antennas. Generally, an antenna designer seeks a dielectric

material with dielectric constant of less than 100. The FE material dielectric
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constants can be reduced by adding dopants at the cost of variability (less change in
dielectric constant per bias volt). Suitable tradeoffs between Tc and doping can
make practical a greater than 2:1 change in FE material dielectric for less than a
volt change in bias voltage.

Figs. 7Ta through 7f are views of the present invention circular
waveguide slot antenna 700. As is well known, in Fig. 7a the counterpoise and
radiator are not distinctly distinguishable, therefore, the circular waveguide
antenna is described as comprising a radiator 704 and dielectric 706. As shown, the
slot 708 is transverse to the radiator 704, but it need not be. The FE dielectric 706
is located proximate to the slot 708. Other, fixed constant dielectric material 707
can be used away from the slot 708. In other aspects of the circular waveguide slot
antenna 700, a plurality of slots (not shown) are used.

Fig. Tb is a cross-sectional drawing illustrating an alternate aspect of
the circular waveguide slot antenna of ‘Fig. 7a. As shown, the dielectric 706
includes at least one dielectric layer 710 formed from a first material with a fixed
dielectric constant and a dielectric 712 formed from a ferroelectric material with a
variable dielectric constant, adjacent the dielectric 710 with the fixed dielectric
constant. As shown, the dielectric with the FE material 712 overlies the dielectric
with the fixed dielectric constant 710. Typically a voltage is applied to a conductor
in the vicinity of the FE dielectric layer 712 to create a desired dielectric constant.
The voltage, represented by the “+” and “-“ signs-can be supplied. In some aspects,
an electrical insulator (not shown) can be interposed between layer 712 and the
conductive radiator 704 to isolate the bias voltage from the ac signal voltage.
However, a sheet of conductor is usually required to evenly distribute the bias
voltage over the FE dielectric 712 that interferes with the antenna tuning.
Therefore, slits 709 can be formed in the radiator 704 to separate the two bias
voltage polarities. The dc voltages are typically superimposed upon ac signal being
conducted by the radiator halves. Alternately but not shown, the dielectric formed

with the fixed dielectric constant 710 overlies the dielectric with the ferroelectric
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material 712. Note, in some aspects of the antenna the bias voltage polarities are
reversed from the polarities shown. |

Fig. 7Tcis a cross-sectional drawing illustrating an alternate aspect of
the circular waveguide slot antenna of Fig. 7a with multiple fixed dielectric
constant layers. The dielectric with the fixed dielectric forms a first layer 710a
underlying the dielectric with the fixed dielectric constant 712, and a second layer
710b overlies the dielectric with the ferroelectric material 712. The two fixed
dielectric layers need not necessarily have the same dielectric constant or thickness.
Further, three or more fixed dielectric layers may be used. Alternately but not
shown, multiple FE layers can be formed around a fixed dielectric layer, or multiple
layers of both fixed dielectric and FE layers can be used. The multiple FE dielectric
layers may have different thickness, be made of different FE materials, or otherwise
have different dielectric constants with respect to the same voltage.

Fig. 7d is a cross-sectional drawing illustrating an alternate aspect of
the circular waveguide slot antenna of Fig. 7a with an internal layer of FE material.
As shown, the dielectric with the ferroelectric material 712 is formed internal to the
dielectric 710 with the fixed dielectric constant. Note, multiple internal regions can
be formed although only one is shown. Alternately but not shown, the dielectric
with the fixed dielectric constant 710 is formed internal to the FE dielectric 712. It
should also be noted that although the internal region is shown as rectangularly
shaped, other shapes such as circular, cylindrical, and oval shapes are equally
practical.

Figs. Te and 7f are alternate aspects of the circular waveguide slot
antenna 700. The slits are not necessary because the radiator 704 need not carry a
bias voltage. Instead the bias voltage is supplied by panels 714 and 716. The bias
panels 714/716 can be placed in a variety of positions on either side of the FE
dielectric. One panel may even be located in the slot.

In some aspects, the dielectric with ferroelectric material 712 is formed

from barium strontium titanate, Ba,Sr, ,TiO; (BSTO). However, alternate FE

materials are well known and may perform equivalently. Returning the Fig. 7b for
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example, the dielectric with ferroelectric material 712 can be formed in a thin film
layer having a thickness 714 in the range from 0.15 to 2 microns. Alternately, the
dielectric with ferroelectric material 712 is formed in a thick film having a thickness
714 in the range from 1.5 to 1000 microns. In some aspects, the dielectric with
ferroelectric material has a dielectric constant in the range between 100 and 5000
at zero volts. In other aspects, the dielectric formed from the first material with a
fixed dielectric constant and the dielectric formed from the ferroelectric material
have a composite dielectric constant in the range between 2 and 100 at zero volts.

The dielectric constant of the FE material can be manipulated through
doping and control of the Curie temperature (Tc). Some popular dopant materials
are tungsten (W), manganese (Mn), and magnesium (Mg), introduced as oxides.
However, other equivalent elements in the same column of the periodic table may
also be practical. An FE material has its greatest dielectric constant at Tc, with the
dielectric falling off rapidly with changes of temperature in either direction.
However, there is typically less change in dielectric constant for temperature above
Tec. Therefore, the Tc of an FE material is typically chosen to be below the operating
temperature seen by the dielectric material.

An antenna built with a dielectric constant of 1 (air) has less loss than
an antenna built with higher dielectric constant material. However, higher
dielectric constant materials are often useful in reducing the size (the effective
wavelength) of antennas. Generally, an antenna designer seeks a dielectric
material with dielectric constant of less than 100. The FE material dielectric
constants can be reduced by adding dopants at the cost of variability (less change in
dielectric constant per bias volt). Suitable tradeoffs between Tc and doping can
make practical a greater than 2:1 change in FE material dielectric for less than a
volt change in bias voltage.

Fig. 8a is a perspective view of the present invention rectangular
waveguide slot antenna 800. The rectangular waveguide antenna is described as
comprising a radiator 804 and dielectric 806. However, the designations of radiator

and counterpoise are arbitrary. As shown, the slot 808 is transverse to the radiator
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804, but it need not be. The FE dielectric 806 is located proximate to the slot 808.
Away from the slot 808, a fixed constant dielectric 807 may be used. In other
aspects of the rectangular waveguide slot antenna 800, a plurality of slots (not
shown) are used.

Fig. 8b is a cross-sectional drawing illustrating an alternate aspect of
the rectangular waveguide slot antenna of Fig. 8a. As shown, the dielectric 806
includes at least one dielectric layer 810 formed from a first material with a fixed
dielectric constant and a dielectric 812 formed from a ferroelectric material with a
variable dielectric constant, adjacent the dielectric 810 with the fixed dielectric
constant. As shown, the dielectric with the FE material 812 overlies the dielectric
with the fixed dielectric constant 810. Typically a voltage is applied to a conductor
in the vicinity of the FE dielectric layer 812 to create a desired dielectric constant.
The voltage, represented by the “+” and “-“ signs can be supplied. In some aspects,
an electrical insulator (not shown) can be interposed between layer 812 and the
conductive radiator 804 to isolate the bias voltage from the ac signal voltage.
However, a sheet of conductor is usually required to evenly distribute the bias
voltage over the FE dielectric 812 that interferes with the antenna tuning.
Therefore, (electrically isolating) slits 809 can be formed in the radiator 804 to
separate the two bias voltage polarities. The dc voltages are typically superimposed
upon ac signal being conducted by the radiator halves. Alternately but not shown,
the dielectric formed with the fixed dielectric constant 810 overlies the dielectric
with the ferroelectric material 812. Note, in some aspects of the antenna the bias
voltage polarities are reversed from the polarities shown.

Fig. 8c is a cross-sectional drawing illustrating an alternate aspect of
the rectangular waveguide slot antenna of Fig. 8a with multiple fixed dielectric
constant layers. The dielectric with the fixed dielectric forms a first layer 810a
underlying the dielectric with the fixed dielectric constant 812, and a second layer
810b overlies the dielectric with the ferroelectric material 812. The two fixed
dielectric layers need not necessarily have the same dielectric constant or thickness.

Further, three or more fixed dielectric layers may be used. Alternately but not
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shown, multiple FE layers can be formed around a fixed dielectric layer, or multiple
layers of both fixed dielectric and FE layers can be used. The multiple FE dielectric
layers may have different thickness, be made of different FE materials, or otherwise
have different dielectric constants with respect to the same voltage.

Fig. 8d is a cross-sectional drawing illustrating an alternate aspect of
the rectangular waveguide slot antenna of Fig. 8a with an internal layer of FE
material. As shown, the dielectric with the ferroelectric material 812 is formed
internal to the dielectric 810 with the fixed dielectric constant. Note, multiple -
internal regions can be formed although only one is shown. Alternately but not
shown, the dielectric with the fixed dielectric constant 810 is formed internal to the
FE dielectric 812. It should also be noted that although the internal region is
shown as rectangularly shaped, other shapes such as circular, cylindrical, and oval
shapes are equally practical. In another variation not shown, equivalent to Figs. 7e
and 7f, the dc bias voltage is supplied by panels interior to the radiator 804, so that
the slits 809 need not be formed.

In some aspects, the dielectric with ferroelectric material 812 is formed
from barium strontium titanate, Ba Sr, ,TiO, (BSTO). However, alternate FE
materials are well known and may perform equivalently. Returning the Fig. 8b for
example, the dielectric with ferroelectric material 812 can be formed in a thin film
layer having a thickness 814 in the range from 0.15 to 2 microns. Alternately, the
dielectric with ferroelectric material 812 is formed in a thick film having a thickness
814 in the range from 1.5 to 1000 microns. In some aspects, the dielectric with
ferroelectric material has a dielectric constant in the range between 100 and 5000
at zero volts. In other aspects, the dielectric formed from the first material with a
fixed dielectric constant and the dielectric formed from the ferroelectric material
have a composite dielectric constant in the range between 2 and 100 at zero volts.

The dielectric constant of the FE material can be manipulated through
doping and control of the Curie temperature (Tc). Some popular dopant materials
are tungsten (W), manganese (Mn), and magnesium (Mg), introduced as oxides.

However, other equivalent elements in the same column of the periodic table may
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also be practical. An FE material has its greatest dielectric constant at Te, with the
dielectric falling off rapidly with changes of temperature in either direction.
However, there is typically less change in dielectric constant for temperature above
Tec. Therefore, the Tc of an FE material is typically chosen to be below the operating
temperature seen by the dielectric material.

An antenna built with a dielectric constant of 1 (air) has less loss than
an antenna built with higher dielectric constant material. However, higher
dielectric constant materials are often useful in reducing the size (the effective
wavelength) of antennas. Generally, an antenna designer seeks a dielectric
material with dielectric constant of less than 100. The FE material dielectric
constants can be reduced by adding dopants at the cost of variability (less change in
dielectric constant per bias volt). Suitable tradeoffs between Tc and doping can
make practical a greater than 2:1 change in FE material dielectric for less than a
volt change in bias voltage.

Figs. 9a and 9b are partial cross-sectional and plan views, respectively,
of the present invention flare-notch antenna. The flare-notch antenna 900
comprises a counterpoise 902, a radiator 904, and a dielectric 906a and 906a, at
least one of which including FE material. The designation of counterpoise and
radiator may be considered arbitrary. A slot or notch 907 is shown. The FE
dielectric 906a and 906b are proximately located to the notch 907. Also shown is a
feed with a center conductor 908 and a ground 909.

Fig. 9c is an alternate aspect of the flare-notch antenna of Fig. 9b. As
shown, the dielectric 906a and 906b includes at least one dielectric layer 910 formed
from a first material with a fixed dielectric constant and a dielectric 912 formed
from a ferroelectric material with a variable dielectric constant, adjacent the
dielectric 910 with the fixed dielectric constant. As shown, the dielectric with the
FE material 912 overlies the dielectric with the fixed dielectric constant 910.
Typically a voltage is applied to a conductor in the vicinity of the FE dielectric layer
912 to create a desired dielectric constant. The voltage, represented by the “+” and

({313

signs can be supplied. In some aspects, an electrical insulator (not shown) can be
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interposed between layer 912 and the radiator/counterpoise 904/902 to isolate the
bias voltage from the ac signal voltage. However, a sheet of conductor is usually
required to evenly distribute the bias voltage over the FE dielectric 912 that
interferes with the antenna tuning. Therefore, the dc voltage is typically
superimposed upon ac signal being conducted by the radiator/counterpoise 904/902,
and the reference ground is supplied to conductive panels 914. Alternately but not
shown, the dielectric formed with the fixed dielectric constant 910 overlies the
dielectric with the ferroelectric material 912. Note, in some aspects of the antenna
the bias voltage polarities are reversed from the polarity shown.

Fig. 9d is a plan view illustrating an alternate aspect of the flare-notch
antenna of Fig. 9b with multiple fixed dielectric constant layers. The dielectric with
the fixed dielectric forms a first layer 910a underlying the dielectric with the fixed
dielectric constant 912, and a second layer 910b overlies the dielectric with the
ferroelectric material 912. The two fixed dielectric layers need not necessarily have
the same dielectric constant or thickness. Further, three or more fixed dielectric
layers may be used. Alternately but not shown, multiple FE layers can be formed
around a fixed dielectric layer, or multiple layers of both fixed dielectric and FE
layers can be used. The multiple FE dielectric layers may have different thickness,
be made of different FE materials, or otherwise have different dielectric constants
with respect to the same voltage.

Fig. 9e is a plan view illustrating an alternate aspect of the flare-notch
antenna of Fig. 9b with an internal layer of FE material. As shown, the dielectric
with the ferroelectric material 912 is formed internal to the dielectric 910 with the
fixed dielectric constant. Note, multiple internal regions can be formed although
only one is shown. Alternately but not shown, the dielectric with the fixed dielectric
constant 910 is formed internal to the FE dielectric 912. It should also be noted
that although the internal region is shown as rectangularly shaped, other shapes
such as circular, cylindrical, and oval shapes are equally practical. In another
variation not shown, the FE material forms internal regions on only one side of the

radiator, for example is dielectric 906a.
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In some aspects, the dielectric with ferroelectric material 912 is formed

from barium strontium titanate, Ba,Sr, /TiO; (BSTO). However, alternate FE

materials are well known and may perform equivalently. Returning the Fig. 9c¢ for
example, the dielectric with ferroelectric material 912 can be formed in a thin film
layer having a thickness 914 in the range from 0.15 to 2 microns. Alternately, the
dielectric with ferroelectric material 912 is formed in a thick film having a thickness
914 in the range from 1.5 to 1000 microns. In some aspects, the dielectric with
ferroelectric material has a dielectric constant in the range between 100 and 5000
at zero volts. In other aspects, the dielectric formed from the first material with a
fixed dielectric constant and the dielectric formed from the ferroelectric material
have a composite dielectric constant in the range between 2 and 100 at zero volts.

The dielectric constant of the FE material can be manipulated through
doping and control of the Curie temperature (Tc). Some popular dopant materials
are tungsten (W), manganese (Mn), and magnesium (Mg), introduced as oxides.
However, other equivalent elements in the same column of the periodic table may
also be practical. An FE material has its greatest dielectric constant at Te, with the
dielectric falling off rapidly with changes of temperature in either direction.
However, there is typically less change in dielectric constant for temperature above
Tc. Therefore, the Tc of an FE material is typically chosen to be below the operating
temperature seen by the dielectric material.

An antenna built with a dielectric constant of 1 (air) has less loss than
an antenna built with higher dielectric constant material. However, higher
dielectric constant materials are often useful in reducing the size (the effective
wavelength) of antennas. Generally, an antenna designer seeks a dielectric
material with dielectric constant of less than 100. The FE material dielectric
constants can be reduced by adding dopants at the cost of variability (less change in
dielectric constant per bias volt). Suitable tradeoffs between Tc and doping can
make practical a greater than 2:1 change in FE material dielectric for less than a

volt change in bias voltage.
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Figs. 10a though 10d are illustrations of the present invention open-
ended waveguide antenna 1000. Fig. 10a is a partial cross-sectional view of the
present invention open-ended waveguide antenna with a selectable operating
frequency. The open-ended waveguide antenna 1000 comprises a radiator 1002 and
a dielectric 1006 with ferroelectric material proximately located to the radiator
1002. The dielectric 1006 has a varying dielectric constant responsive to a voltage
applied to the ferroelectric material. The designations of counterpoise and radiator
are arbitrary. Typically, the open ends 1007 are grounded. Away from the open
ends 107 a constant dielectric material 1005 can be used. The principles and design
of open-ended antennas are well understood by those skilled in the art and are not
repeated here in the interest of brevity. Although the use of FE material gives an
open-ended antenna a wider range of selectable operating frequencies, the general
principles of design are not changed by the present invention FE material.

The antenna 1000 has a predetermined fixed characteristic impedance
independent of the resonant frequency. Alternately stated, the antenna 1000 has a
predetermined approximately constant gain independent of the resonant frequency.

Fig. 10b is a cross-sectional drawing illustrating an alternate aspect of
the open-ended waveguide antenna of Fig. 10a. As shown, the dielectric 1006
includes at least one dielectric layer 1010 formed from a first material with a fixed
dielectric constant and a dielectric 1012 formed from a ferroelectric material with a
variable dielectric constant, adjacent the dielectric 1010 with the fixed dielectric
constant. As shown, the dielectric with the FE material 1012 overlies the dielectric
with the fixed dielectric constant 1010. Typically a voltage is applied to a conductor
in the vicinity of the FE dielectric layer 1012 to create a desired dielectric constant.
The voltage, represented by the “+” and “-“ signs can be supplied. In some aspects,
an electrical insulator (not shown) can be interposed between layer 1012 and the
radiator 1002 to isolate the bias voltage from the ac signal voltage. However, a
sheet of conductor is usually required to evenly distribute the bias voltage over the
FE dielectric 1012 that interferes with the antenna tuning. Therefore, electrically

isolating slits 1009 can be formed in the radiator 1002 to separate the two bias
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voltage polarities. The dc voltages are typically superimposed upon ac signal being
conducted by the radiator halves. Alternately but not shown, the dielectric formed
with the fixed dielectric constant 1010 overlies the dielectric with the ferroelectric
material 1012. Note, in some aspects of the antenna the bias voltage polarities are
reversed from the polarity shown.

Fig. 10c is a cross-sectional drawing illustrating an alternate aspect of
the open-ended waveguide antenna of Fig. 10a Wiﬁh multiple fixed dielectric
constant layers. The dielectric with the fixed dielectric forms a first layer 1010a
underlying the dielectric with the fixed dielectric constant 1012, and a second layer
1010b overlies the dielectric with the ferroelectric material 1012. The two fixed
dielectric layers need not necessarily have the same dielectric constant or thickness.
Further, three or more fixed dielectric layers may be used. Alternately but not
shown, multiple FE layers can be formed around a fixed dielectric layer, or multiple
layers of both fixed dielectric and FE layers can be used. The multiple FE dielectric
layers may have different thickness, be made of different FE materials, or otherwise
have different dielectric constants with respect to the same voltage.

Fig. 10d is a cross-sectional drawing illustrating an alternate aspect of
the open-ended waveguide antenna of Fig. 10a with an internal layer of FE
material. As shown, the dielectric with the ferroelectric material 1012 is formed
internal to the dielectric 1010 with the fixed dielectric constant. Note, multiple
internal regions can be formed although only one is shown. Alternately but not
shown, the dielectric with the fixed dielectric constant 1010 is formed internal to
the FE dielectric 1012. It should also be noted that although the internal region is
shown as rectangularly shaped, other shapes such as circular, cylindrical, and oval
shapes are equally practical. In another variation not shown, equivalent to Figs. 7e
and 7f, the dc bias voltage is supplied bj; panels interior to the radiator 1002, so
that the slits 1009 need not be formed.

In some aspects, the dielectric with ferroelectric material 1012 is

formed from barium strontium titanate, Ba,Sr, TiO4 (BSTO). However, alternate

FE materials are well known and may perform equivalently. Returning the Fig.
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10b for example, the dielectric with ferroelectric material 1012 is formed in a thin
film layer having a thickness 1014 in the range from 0.15 to 2 microns. Alternately,
the dielectric with ferroelectric material 1012 is formed in a thick film having a
thickness 1014 in the range from 1.5 to 1000 microns. In some aspects, the
dielectric with ferroelectric material has a dielectric constant in the range between
100 and 5000 at zero volts. In other aspects, the dielectric formed from the first
material with a fixed dielectric constant and the dielectric formed from the
ferroelectric material have a composite dielectric constant in the range between 2
and 100 at zero volts.

The dielectric constant of the FE material can be manipulated through
doping and control of the Curie temperature (Tc). Some popular dopant materials
are tungsten (W), manganese (Mn), and magnesium (Mg), introduced as oxides.
However, other equivalent elements in the same column of the periodic table may
also be practical. An FE material has its greatest dielectric constant at Tc, with the
dielectric falling off rapidly with changes of temperature in either direction.
However, there is typically less change in dielectric constant for temperature above
Tec. Therefore, the Tc of an FE material is typically chosen to be below the operating
temperature seen by the dielectric material.

An antenna built with a dielectric constant of 1 (air) has less loss than
an antenna built with higher dielectric constant material. However, higher
dielectric constant materials are often useful in reducing the size (the effective
wavelength) of antennas. Generally, an antenna designer seeks a dielectric
material with dielectric constant of less than 100. The FE material dielectric
constants can be reduced by adding dopants at the cost of variability (less change in
dielectric constant per bias volt). Suitable tradeoffs between Tc and doping can
make practical a greater than 2:1 change in FE material dielectric for less than a
volt change in bias voltage.

Returning to Figs. 10a and 10b, although an open-ended rectangular
waveguide has been depicted, the above analysis and description applies to open-

ended circular waveguide and open-ended parallel plate antennas. Further, the
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open-ended waveguide antenna 1000 can have a signal feed elected that is a coaxial
cable, parallel plates, or any kind of waveguide.

Figs. 11a through 11e are views of the present invention horn antenna
with a selectable operating frequency. As seen in Fig. 11a, the horn antenna 1100
comprises a radiator horn 1102 and a dielectric 1106 with ferroelectric material
proximately located to the radiator horn. The dielectric 1006 has a varying
dielectric constant responsive to a voltage applied to the ferroelectric material. A
coaxial feed line 1004 with a center conductor 1005 is shown. The horn 1002 has an
electrical length 1109 responsive to the dielectric constant. The electrical length is
constant with respect to the resonant frequency. The horn can be either grounded
or open. Again the designations of counterpoise and radiator are arbitrary. The
principles and design of horn antennas are well understood by those skilled in the
art and are not repeated here in the interest of brevity. Although the use of FE
material gives a horn antenna a wider range of selectable operating frequencies, the
general principles of design are not changed by the present invention FE material.

The horn antenna 1100 has a predetermined fixed characteristic
impedance independent of the resonant frequency. Alternately, the horn antenna
1100 has a predetermined approximately constant gain independent of the resonant
frequency.

Fig. 11b is a cross-sectional drawing illustrating an alternate aspect of
the horn antenna of Fig. 11a. As shown, the dielectric 1106 includes at least one
dielectric layer 1110 formed from a first material with a fixed dielectric constant
and a dielectric 1112 formed from a ferroelectric material with a variable dielectric
constant, adjacent the dielectric 1110 with the fixed dielectric constant. As shown,
the dielectric with the FE material 1112 overlies the dielectric with the fixed
dielectric constant 1110. Typically a voltage is applied to a conductor in the vicinity
of the FE dielectric layer 1112 to create a desired dielectric constant. The voltage,
represented by the “+” and “-“ signs can be supplied. In some aspects, an electrical
insulator (not shown) can be interposed between layer 1112 and the radiator horn

1102 to 1solate the bias voltage from the ac signal voltage. However, a sheet of
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conductor is usually required to evenly distribute the bias voltage over the FE
dielectric 1112 that interferes with the antenna tuning. Therefore, electrically
isolating slits 1108 can be formed in the radiator 1102 to separate the two bias
voltage polarities. The dc voltages are typically superimposed upon ac signal being
conducted by the radiator halves. Alternately but not shown, the dielectric formed
with the fixed dielectric constant 1110 overlies the dielectric with the ferroelectric
material 1112. Note, in some aspects of the antenna the bias voltage polarities are
reversed from the polarities shown.

Fig. 11c and 11d are cross-sectional drawings illustrating an alternate
aspect of the horn antenna 1100 of Fig. 11a with multiple fixed dielectric constant
layers. The dielectric with the fixed dielectric forms a first layer 1110a underlying
the dielectric with the fixed dielectric constant 1112, and a second layer 1110b
overlies the dielectric with the ferroelectric material 1112. The two fixed dielectric
layers need not necessarily have the same dielectric constant or thickness. Further,
three or more fixed dielectric layers may be used. Alternately but not shown,
multiple FE layers can be formed around a fixed dielectric layer, or multiple layers
of both fixed dielectric and FE layers can be used. The multiple FE dielectric layers
may have different thickness, be made of different FE materials, or otherwise have
different dielectric constants with respect to the same voltage.

Fig. 11e is a cross-sectional drawing illustrating an alternate aspect of
the horn antenna of Fig. 11a with an internal layer of FE material. As shown, the
dielectric with the ferroelectric material 1112 is formed internal to the dielectric
1110 with the fixed dielectric constant. Note, multiple internal regions can be
formed although only one is shown. Alternately but not shown, the dielectric with
the fixed dielectric constant 1110 is formed internal to the FE dielectric 1112. It
should also be noted that although the internal region is shown as rectangularly
shaped, other shapes such as circular, cylindrical, and oval shapes are equally
practical. In another variation not shown, equivalent to Figs. 7e and 7f, the dc bias
voltage is supplied by panels interior to the radiator 1002, so that the slits 1108

need not be formed.
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In some aspects, the dielectric with ferroelectric material 1112 is

formed from barium strontium titanate, Ba, Sr, TiO; (BSTO). However, alternate

FE materials are well known and may perform equivalently. Returning the Fig.
11d for example, the dielectric with ferroelectric material 1112 can be formed in a
thin film layer having a thickness 1114 in the range from 0.15 to 2 microns.
Alternately, the dielectric with ferroelectric material 1112 is formed in a thick film
having a thickness 1114 in the range from 1.5 to 1000 microns. In some aspects,
the dielectric with ferroelectric material has a dielectric constant in the range
between 100 and 5000 at zero volts. In other aspects, the dielectric formed from the
first material with a fixed dielectric constant and the dielectric formed from the
ferroelectric material have a composite dielectric constant in the range between 2
and 100 at zero volts.

The dielectric constant of the FE material can be manipulated through
doping and control of the Curie temperature (Tc). Some popular dopant materials
are tungsten (W), manganese (Mn), and magnesium (Mg), introduced as oxides.
However, other equivalent elements in the same column of the periodic table may
also be practical. An FE material has its greatest dielectric constant at Tc, with the
dielectric falling off rapidly with changes of temperature in either direction.
However, there is typically less change in dielectric constant for temperature above
Tc. Therefore, the Tc of an FE material is typically chosen to be below the operating
temperature seen by the dielectric material.

An antenna built with a dielectric constant of 1 (air) has less loss than
an antenna built with higher dielectric constant material. However, higher
dielectric constant materials are often useful in reducing the size (the effective
wavelength) of antennas. Generally, an antenna designer seeks a dielectric
material with dielectric constant of less than 100. The FE material dielectric
constants can be reduced by adding dopants at the cost of variability (less change in
dielectric constant per bias volt). Suitable tradeoffs between Tc and doping can
make practical a greater than 2:1 change in FE material dielectric for less than a

volt change in bias voltage.
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Returning to Figs. 11a, the above discussion of horn antennas applies
equally to rectangular waveguide, circular waveguide, and parallel plate horn
antennas using a signal feed from a coaxial cable, circular waveguide, rectangular
waveguide, or a parallel plate signal feed.

Figs. 12a through 12f are depicltions of the present invention monopole
antenna with a selectable operating frequency. In Fig. 12a, the monopole antenna
1200 comprises a radiator 1202, a counterpoise 1204, and a dielectric 1206 at least
partially surrounding the radiator 1202. The dielectric includes ferroelectric
material having a varying dielectric constant responsive to a voltage applied to the
ferroelectric material. The radiator 1202 has an electrical length 1208 responsive to
the dielectric constant. Alternately but not shown, the radiator 1202 can be formed
in a helical shape. The principles and design of monopole antennas are well
understood by those skilled in the art and are not repeated here in the interest of
brevity. Although the use of FE material gives a monopole antenna a wider range
of selectable operating frequencies, the general principles of design are not changed
by the present invention FE material.

The antenna 1200 has a predetermined fixed characteristic impedance
independent of the resonant frequency. That is, the electrical length of the radiator
is constant with respect to the resonant frequency. Alternately, the antenna 1200
has a predetermined approximately constant gain independent of the resonant
frequency.

Fig. 12b is a drawing illustrating an alternate aspect of the monopole
antenna of Fig. 12a. As shown, the dielectric 1206 includes at least one dielectric
layer 1210 formed from a first material with a fixed dielectric constant and a
dielectric 1212 formed from a ferroelectric material with a variable dielectric
constant, adjacent the dielectric 1210 with the fixed dielectric constant. As shown,
the dielectric with the FE material 1212 overlies the dielectric with the fixed
dielectric constant 1210. Typically a voltage is applied to a conductor in the vicinity
of the FE dielectric layer 1212 to create a desired dielectric constant. The voltage,

represented by the “+” and “-“ signs can be supplied. In some aspects, an electrical
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insulator (not shown) can be interposed between layer 1212 and the radiator 1202
to isolate the bias voltage from the ac signal voltage. However, a sheet of conductor
1s usually required to evenly distribute the bias voltage over the FE dielectric 1212
that interferes with the antenna tuning. Therefore, the dc voltage is typically
superimposed upon ac signal being conducted by the radiator 1202, and the
reference ground is supplied to conductive panels 1214. Note, in some aspects of the
antenna the bias voltage polarities are reversed. In other aspects, the radiator 1202
does not carry a dc bias, the two bias polarities are carried instead by panels 1214.

Fig. 12¢ is a drawing illustrating an alternate aspect of the monopole
antenna 1200 of Fig. 12a with multiple fixed dielectric constant layers. The
dielectric with the fixed dielectric forms a first layer 1210a underlying the dielectric
with the fixed dielectric constant 1212, and a second layer 1210b overlies the
dielectric with the ferroelectric material 1212. The two fixed dielectric layers need
not necessarily have the same dielectric constant or thickness. Further, three or
more fixed dielectric layers may be used. Alternately but not shown, multiple FE
layers can be formed around a fixed dielectric layer, or multiple layers of both fixed
dielectric and FE layers can be used. The multiple FRE dielectric layers may have
different thickness, be made of different FE materials, or otherwise have different
dielectric constants with respect to the same voltage.

Fig. 12d is a drawing illustrating an alternate aspect of the monopole
antenna of Fig. 12a with an internal layer of FE material. As shown, the dielectric
with the ferroelectric material 1212 is formed internal to the dielectric 1210 with
the fixed dielectric constant. Note, multiple internal regions can be formed
although only one is shown. Alternately but not shown, the dielectric with the fixed
dielectric constant 1210 is formed internal to the FE dielectric 1212. It should also
be noted that although the internal region is shown as rectangularly shaped, other
shapes such as circular, cylindrical, and oval shapes are equally practical.

Fig. 12e and 12fillustrate some alternate aspects of fhe present

invention monopole antenna.
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In some aspects, the dielectric with ferroelectric material 1212 is

formed from barium strontium titanate, Ba Sr; TiO, (BSTO). However, alternate

FE materials are well known and may perform equivalently. Returning the Fig.
12b for example, the dielectric with ferroelectric material 1212 can be formed in a
thin film layer having a thickness 1214 in the range from 0.15 to 2 microns.
Alternately, the dielectric with ferroelectric material 1212 is formed in a thick film
having a thickness 1214 in the range from 1.5 to 1000 microns. In some aspects,
the dielectric with ferroelectric material has a dielectric constant in the range
between 100 and 5000 at zero volts. In other aspects, the dielectric formed from the
first material with a fixed dielectric constant and the dielectric formed from the
ferroelectric material have a composite dielectric constant in the range between 2
and 100 at zero volts.

The dielectric constant of the FE material can be manipulated through
doping and control of the Curie temperature (Tc). Some popular dopant materials
are tungsten (W), manganese (Mn), and magnesium (Mg), introduced as oxides.
However, other equivalent elements in the same column of the periodic table may
also be practical. An FE material has its greatest dielectric constant at Tc, with the
dielectric falling off rapidly with changes of temperature in either direction.
However, there is typically less change in dielectric constant for temperature above
Tc. Therefore, the Tc of an FE material is typically chosen to be below the operating
temperature seen by the dielectric material.

An antenna built with a dielectric constant of 1 (air) has less loss than
an antenna built with higher dielectric constant material. However, higher
dielectric constant materials are often useful in reducing the size (the effective
wavelength) of antennas. Generally, an antenna designer seeks a dielectric
material with dielectric constant of less than 100. The FE material dielectric
constants can be reduced by adding dopants at the cost of variability (less change in
dielectric constant per bias volt). Suitable tradeoffs between Tc and doping can
make practical a greater than 2:1 change in FE material dielectric for less than a

volt change in bias voltage.
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Figs. 13a through 13f are drawings of the present invention dipole
antenna with a selectable operating frequency. In Fig. 13a, the dipole antenna 1300
comprises a radiator 1302, a counterpoise 1304, and a dielectric 1306 at least
partially surrounding the radiator 1302. The dielectric 1306 includes ferroelectric
material having a varying dielectric constant responsive to a voltage applied to the
ferroelectric material. The radiator and counterpoise have electrical lengths 1308
that are responsive to the varying dielectric constant. Alternately but not shown,
the radiator 1302, the counterpoise 1304, or both can be formed in a helical shape.
The principles and design of dipole antennas are well understood by those skilled in
the art and are not repeated here in the interest of brevity. Although the use of FE
material gives a dipole antenna a wider range of selectable operating frequencies,
the general principles of design are not changed by the present invention FE
material.

The antenna 1300 has a predetermined fixed characteristic impedance
independent of the resonant frequency. That is, the radiator and counterpoise
electrical lengths remain constant with respect to resonant frequency. Typically,
the electrical length of the radiator 1302 and counterpoise 1304 are either one-half
or one-quarter the wavelength of the resonant frequency with respect to the
dielectric. Alternately, the antenna has a predetermined approximately constant
gain independent of the resonant frequency.

Fig. 13b is a drawing illustrating an alternate aspect of the monopole
antenna of Fig. 13a. As shown, the dielectric 1306 includes at least one dielectric
layer 1310 formed from a first material with a fixed dielectric constant and a
dielectric 1312 formed from a ferroelectric material with a variable dielectric
constant, adjacent the dielectric 1310 with the fixed dielectric constant. As shown,
the dielectric with the FE material 1312 overlies the dielectric with the fixed
dielectric constant 1310. Typically a voltage is applied to a conductor in the vicinity
of the FE dielectric layer 1312 to create a desired dielectric constant. The voltage,
represented by the “+” and “-“ signs can be supplied. In some aspects, an electrical

insulator (not shown) can be interposed between layer 1312 and the radiator 1302
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to isolate the bias voltage from the ac signal voltage. However, a sheet of conductor
is usually required to evenly distribute the bias xlfoltage over the FE dielectric 1312
that interferes with the antenna tuning. Therefore, the dc voltage is typically
superimposed upon ac signal being conducted by the radiator 1302, and the
reference ground is supplied to conductive panels 1314. Note, in some aspects of the
antenna the bias voltage polarities are reversed. In other aspects, the radiator 1302
does not carry a dc bias, the two bias polarities are carried instead by panels 1314.
Fig. 13c is a drawing illustrating an alternate aspect of the monopole
antenna 1300 of Fig. 13a with multiple fixed dielectric constant layers. The
dielectric with the fixed dielectric forms a first layer 1310a underlying the dielectric
with the fixed dielectric constant 1812, and a second layer 1310b overlies the
dielectric with the ferroelectric material 1812. The two fixed dielectric layers need
not necessarily have the same dielectric constant or thickness. Further, three or
more fixed dielectric layers may be used. Alternately but not shown, multiple FE
layers can be formed around a fixed dielectric layer, or multiple layers of both fixed
dielectric and FE layers can be used. The multiple FE dielectric layers may have

different thickness, be made of different FE materials, or otherwise have different

-dielectric constants with respect to the same voltage.

Fig. 18d is a drawing illustrating an alternate aspect of the monopole
antenna of Fig. 13a with an internal layer of FE material. As shown, the dielectric
with the ferroelectric material 1312 is formed internal to the dielectric 1310 with
the fixed dielectric constant. Note, multiple internal regions can be formed
although only one is shown. Alternately but not shown, the dielectric with the fixed
dielectric constant 1310 is formed internal to the FE dielectric 1312. It should also
be noted that although the internal region is shown as rectangularly shaped, other
shapes such as circular, cylindrical, and oval shapes are equally practical.

Fig. 13e and 13f illustrate some alternate aspects of the present
invention monopole antenna.

In some aspects, the dielectric with ferroelectric material 1212 is

formed from barium strontium titanate, Ba,Sr, [ TiO; (BSTO). However, alternate
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FE materials are well known and may perform equivalently. Returning the Fig.
12b for example, the dielectric with ferroelectric material 1212 can be formed in a
thin film layer having a thickness 1214 in the range from 0.15 to 2 microns.
Alternately, the dielectric with ferroelectric material 1212 is formed in a thick film
having a thickness 1214 in the range from 1.5 to 1000 microns. In some aspects,
the dielectric with ferroelectric material has a dielectric constant in the range
between 100 and 5000 at zero volts. In other aspects, the dielectric formed from the
ﬁrsf material with a fixed dielectric constant and the dielectric formed from the
ferroelectric material have a composite dielectric constant in the range between 2
and 100 at zero volts.

The dielectric constant of the FE material can be manipulated through
doping and control of the Curie temperature (Tc). Some popular dopant materials
are tungsten (W), manganese (Mn), and magnesium (Mg), introduced as oxides.
However, other equivalent elements in the same column of the periodic table may
also be practical. An FE material has its greatest dielectric constant at Tc, with the
dielectric falling off rapidly with changes of temperature in either direction.
However, there is typically less change in dielectric constant for temperature above
Tc. Therefore, the Tc of an FE material is typically chosen to be below the operating
temperature seen by the dielectric material.

An antenna built with a dielectric constant of 1 (air) has less loss than
an antenna built with higher dielectric constant material. However, higher
dielectric constant materials are often useful in reducing the size (the effective
wavelength) of antennas. Generally, an antenna designer seeks a dielectric
material with dielectric constant of less than 100. The FE material dielectric
constants can be reduced by adding dopants at the cost of variability (less change in
dielectric constant per bias volt). Suitable tradeoffs between Tc and doping can
make practical a greater than 2:1 change in FE material dielectric for less than a
volt change in bias voltage.

Fig. 14 is a flowchart illustrating the present invention method for

frequency tuning a single-band wireless communications antenna. Although this
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method is depicted as a sequence of pumbered steps for clarity, no order should be
inferred from the numbering unless explicitly stated. It should be understood that
some of these steps may be skipped, performed in parallel, or performed without the
requirement of maintaining a strict order of sequence. The methods start at Step
1400. Step 1402 forms a single-radiator. In some aspects, Step 1404 forms a
counterpoise to the radiator. Step 1406 forms a dielectric with ferroelectric
material proximate to the radiator. Step 1408 applies a voltage to the ferroelectric
material. Step 1410, in response to applying the voltage, generates a dielectric
constant. Step 1412, in response to the dielectric constant, communicates
electromagnetic fields at a resonant frequency.

In some aspects of the method a further step, Step 1414 varies the
applied voltage. Then, Step 1416 modifies the resonant frequency in response to
changes in the applied voltage. In some aspects, modifying the resonant frequency
includes forming an antenna with a variable operating frequency responsive to the
applied voltage.

Forming an antenna with a variable operating frequency includes
forming an antenna with a predetermined fixed characteristic impedance,
independent of the resonant frequency. In other aspects, forming an antenna with a
variable operating frequency includes forming an antenna with a predetermined
approximately constant gain, independent of the resonant frequency.

In some aspects, forming a dielectric with ferroelectric material in Step
1406 includes substeps. Step 1406a forms the dielectric with a dielectric material
from a first material having a fixed dielectric constant. Step 1406b forms the
dielectric with the ferroelectric material having a variable dielectric constant.

Then, modifying the resonant frequency in response to the varying dielectric
constant in Step 1416 includes modifying the resonant frequency in response to the
varying the dielectric constant of the ferroelectric material.

In other aspects, forming a dielectric with ferroelectric material in Step
1406 includes forming the dielectric with a plurality of dielectric materials, each

from a material having a fixed dielectric constant. Alternately, Step 1406 can
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include forming the dielectric with a plurality of ferroelectric materials, each having
a variable dielectric constant.

In one aspect, Step 1406 includes forming the dielectric with the fixed
dielectric constant adjacent the dielectric with the ferroelectric materials. In one
aspect of the method, Step 1406a includes forming the dielectric with the fixed
dielectric constant adjacent the radiator. Alternately, Step 1406b includes forming
the dielectric with the ferroelectric material adjacent the radiator.

In another aspect, forming a dielectric with a fixed dielectric constant
in Step 1406a includes forming the dielectric from a material selected from the
group including foam, air, FR4, Aluminina, and TMM. Step 1406b includes forming
the dielectric with the ferroelectric material from barium strontium titanate,
Ba,Sr; , TiO4 (BSTO).

In some aspects Step 1406 includes forming the dielectric with
ferroelectric material includes forming the ferroelectric material in a thin film
having a thickness in the range from 0.15 to 2 microns. Alternately, a thick film
having a thickness in the range from 1.5 to 1000 microns can be formed. In some
aspects Step 1406 includes forming a dielectric with a dielectric constant in the
range between 100 and 5000 at zero volts. In other aspects, forming the dielectric
with ferroelectric material includes forming a FE dielectric layer (Step 1406b) and a
fixed constant dielectric layer (Step 1406a) with a composite dielectric constant in
the range between 2 and 100 at zero volts.

In some aspects, communicating electromagnetic fields at a resonant
frequency in Step 1412 includes communicating at resonant frequencies such as 824
and 894 MHz and 1850 and 1990 MHz.

In some aspects, applying a voltage to the ferroelectric material in Step
1410 includes applying a relative dc voltage in the range between 0 and 3.3 volts.

Fig. 15 is a flowchart illustrating an alternate aspect of the method
depicted in Fig. 14. The method starts at Step 1500. Step 1502 providing a single-
radiator proximate to a dielectric with ferroelectric material. Step 1504 applies a

voltage to the ferroelectric material. Step 1506, in response to the applying voltage,
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varies the dielectric constant of the ferroelectric material. Step 1508, in response to
varying the dielectric constant of the ferroelectric material, modifies the resonant
frequency of the radiator. |

A family of antennas fabricated with FE dielectric material has been
provided. A few antenna styles have been given to explain the fundamental
concepts. However, the present invention is not limited to just these antenna
designs. In fact, the present invention FE dielectric material is applicable to any
antenna using a dielectric. Likewise, a few examples of FE dielectric placement
have been given, but once again the present invention is not limited to merely these
examples. Other variations and embodiments of the invention will occur to those

skilled in the art.
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CLAIMS

1. A method for frequency tuning a single-band wireless
communications antenna, the method comprising:

forming a single-radiator;

forming a dielectric with ferroelectric material proximate to the
radiator;

applying a voltage to the ferroelectric material;

in response to applying the voltage, generating a dielectric constant;
and,

in response to the dielectric constant, communicating electromagnetic

fields at a resonant frequency.

2. The method of claim 1 further comprising:
varying the applied voltage; and,
modifying the resonant frequency in response to changes in the applied

voltage.

3. The method of claim 2 wherein modifying the resonant
frequency includes forming an antenna with a variable operating frequency

responsive to the applied voltage.

4. The method of claim 3 wherein forming an antenna with a
variable operating frequency includes forming an antenna with a predetermined

fixed characteristic impedance, independent of the resonant frequency.
5. The method of claim 3 wherein forming an antenna with a

variable operating frequency includes forming an antenna with a predetermined

approximately constant gain, independent of the resonant frequency.
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6. The method of claim 2 wherein forming a dielectric with
ferroelectric material includes:

forming the dielectric with a dielectric material from a first material
having a fixed dielectric constant; and,

forming the dielectric with the ferroelectric material having a variable
dielectric constant; and,

wherein modifying the resonant frequency in response to the varying
dielectric constant includes modifying the resonant frequency in response to the

varying the dielectric constant of the ferroelectric material.

7. The method of claim 6 wherein forming a dielectric with
ferroelectric material includes forming the dielectric with a plurality of dielectric

materials having a fixed dielectric constant.

8. The method of claim 6 wherein forming a dielectric with
ferroelectric material includes forming the dielectric with a plurality of ferroelectric

materials, each having a variable dielectric constant.

9. The method of claim 6 wherein forming a dielectric with
ferroelectric material includes forming the dielectric with the fixed dielectric

constant adjacent the dielectric with the ferroelectric materials.

10. The method of claim 6 wherein forming a dielectric with
ferroelectric material includes forming the dielectric with the fixed dielectric

constant adjacent the radiator.
11. The method of claim 6 wherein forming a dielectric with

ferroelectric material includes forming the dielectric with the ferroelectric material

adjacent the radiator.
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12.  The method of claim 6 wherein forming a dielectric with a fixed
dielectric constant includes forming the dielectric from a material selected from the

group including foam, air, FR4, Aluminina, and TMM.

13.  The method of claim 2 wherein forming a dielectric with
ferroelectric material includes forming the dielectric with the ferroelectric material

from barium strontium titanate, Ba,Sr, TiO; (BSTO).

14.  The method of claim 2 wherein forming the dielectric with
ferroelectric material includes forming the ferroelectric material in a thin film

having a thickness in the range from 0.15 to 2 microns.

15.  The method of claim 2 wherein forming the dielectric with
ferroelectric material includes forming the ferroelectric material in a thick film

having a thickness in the range from 1.5 to 1000 microns.

© 16.  The method of claim 2 wherein communicating electromagnetic
fields at a resonant frequency includes communicating at a resonant frequency

selected from the group including 824 and 894 MHz and 1850 and 1990 MHz.

17.  The method of claim 2 further comprising:

forming a counterpoise to the radiator.

18.  The method of claim 2 wherein applying a voltage to the
ferroelectric material includes applying a relative dc voltage in the range between 0

and 3.3 volts.
19.  The method of claim 2 wherein forming the dielectric with

ferroelectric material includes forming a FE dielectric layer with a dielectric

constant in the range between 100 and 5000 at zero volts.
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20.  The method of claim 2 wherein forming the dielectric with
ferroelectric material includes forming a FE dielectric layer and a fixed constant
dielectric layer with a composite dielectric constant in the range between 2 and 100

at zero volts.

21. A method for frequency tuning a single-band wireless
communications antenna, the method comprising:

providing a single-radiator proximate to a dielectric with ferroelectric
material;

applying a voltage to the ferroelectric material;

in response to the applying voltage, varying the dielectric constant of
the ferroelectric material; and, ‘

in response to varying the dielectric constant of the ferroelectric

material, modifying the resonant frequency of the radiator.

22.  An single-band antenna with a selectable operating frequency,
the antenna comprising:

a single-radiator;

a dielectric with ferroelectric material proximate to the radiator having
a variable dielectric constant; and,

wherein the radiator is resonant at a frequency responsive to the

dielectric constant of the ferroelectric material.
23. The antenna of claim 22 wherein the radiator has a
predetermined fixed characteristic impedance independent of the resonant

frequency.

24. The antenna of claim 22 wherein the radiator has a

predetermined approximately constant gain independent of the resonant frequency.
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25.  The antenna of claim 22 wherein the dielectric includes:

a dielectric formed from a first material with a fixed dielectric
constant; and,

a dielectric formed from a ferroelectric material with a variable
dielectric constant; and,

wherein the radiator has a resonant frequency response to the variable

dielectric constant of the ferroelectric material.

26. The antenna of claim 25 further comprising:

a means for applying a voltage to the dielectric with the ferroelectric
material; and,

wherein the dielectric with ferroelectric material has a dielectric

constant that varies in response to the applied voltage.

27.  The antenna of claim 26 wherein the dielectric with ferroelectric

material has a dielectric constant in the range between 100 and 5000 at zero volts.

28. The antenna of claim 26 wherein the dielectric formed from the
first material with a fixed dielectric constant and the dielectric formed from the
ferroelectric material have a composite dielectric constant in the range between 2

and 100 at zero volts.

29. The antenna of claim 22 further comprising:

a counterpoise to the radiator.

30. The antenna of claim 22 wherein the dielectric with ferroelectric

material is formed from barium strontium titanate, Ba,Sr, TiO, (BSTO).
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31. The antenna of claim 22 wherein the dielectric with ferroelectric
material is formed in a thin film having a thickness in the range from 0.15 to 2

microns.

32. The antenna of claim 22 wherein the dielectric with ferroelectric
material is formed in a thick film having a thickness in the range from 1.5 to 1000

microns.

33. A single-band patch antenna with a selectable operating
frequency, the patch antenna comprising: |

a counterpoise;

a dielectric with ferroelectric material overlying the counterpoise, the
dielectric having a varying dielectric constant responsive to a voltage applied to the
ferroelectric material; and,

at least one radiator overlying the dielectric having a resonant

frequency responsive to the dielectric constant.

34.  The patch antenna of claim 33 wherein the antenna has a
predetermined fixed characteristic impedance independent of the resonant

frequency.

35.  The patch antenna of claim 33 wherein the antenna has a

predetermined approximately constant gain independent of the resonant frequency.

36.  The patch antenna of claim 33 wherein the dielectric includes:

at least one dielectric layer formed from a first material with a fixed
dielectric constant; and,

a dielectric formed from a ferroelectric material with a variable

dielectric constant, adjacent the dielectric with the fixed dielectric constant.
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37.  The patch antenna of claim 36 wherein the dielectric formed
from the ferroelectric material overlies the dielectric with the fixed dielectric

constant.

38.  The patch antenna of claim 36 wherein the dielectric with the

fixed dielectric constant overlies the dielectric with the ferroelectric material.

39.  The patch antenna of claim 36 wherein the dielectric with the
fixed dielectric constant forms a first layer underlying the dielectric with the
ferroelectric material, and a second layer overlying the dielectric with the

ferroelectric material.

40. The patch antenna of claim 36 wherein the dielectric with the
ferroelectric material is formed internal to the dielectric with the fixed dielectric

constant.

41.  The patch antenna of claim 36 wherein the dielectric with the
ferroelectric material is formed external to the dielectric with the fixed dielectric

constant.

42.  The patch antenna of claim 33 wherein the dielectric with

ferroelectric material is formed from barium strontium titanate, Ba,Sr, \TiOg

(BSTO).
43.  The patch antenna of claim 42 wherein the BSTO ferroelectric

material includes oxide dopants selected from the group including tungsten,

manganese, and magnesium.
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44. The patch antenna of claim 42 wherein the dielectric with
ferroelectric material has a dielectric constant that doubles in response to a change

of less than 1 volt of bias voltage.

45.  The patch antenna of claim 42 wherein the dielectric with
ferroelectric material has a dielectric constant in the range between 100 and 5000

at zero volts.

46.  The patch antenna of claim 36 wherein the dielectric formed
from the first material with a fixed dielectric constant and the dielectric formed
from the ferroelectric material have a composite dielectric constant in the range

between 2 and 100 at zero volts.

47.  The patch antenna of claim 33 wherein the dielectric with
ferroelectric material is formed in a thin film layer having a thickness in the range

from 0.15 to 2 microns.

48.  The patch antenna of claim 33 wherein the dielectric with
ferroelectric material is formed in a thick film having a thickness in the range from

1.5 to 1000 microns.

49. The patch antenna of claim 33 wherein the radiator has an
effective wavelength selected from the group including a quarter-wavelength and a

half-wavelength.
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