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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] This invention generally relates to wireless
communication antennas and, more particularly, to an
inverted-F antenna that is tuned using a ferroelectric ca-
pacitor.

2. Description of the Related Art

[0002] There are several types of conventional anten-
na designs that incorporate the use of a dielectric mate-
rial. Generally speaking, a portion of the field that is gen-
erated 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 op-
timal 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.

[0003] Ferroelectric materials have a dielectric con-
stant that changes in response to an applied voltage.
Because of their variable dielectric constant, ferroelectric
materials are good candidates for making tunable com-
ponents. Under presently used measurement and char-
acterization techniques, however, tunable ferroelectric
components have gained the reputation of being consist-
ently and substantially lossy, regardless of the process-
ing, doping or other fabrication techniques used to im-
prove their loss properties. They have therefore not been
widely used. Ferroelectric tunable components operating
in RF or microwave regions are perceived as being par-
ticularly lossy. This observation is supported by experi-
ence 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 tun-
ing 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 O,
vacancies, (2) use of buffer layers to reduce surfaces
stresses, (3) alloying or buffering with other materials and
(4) selective doping.

[0004] 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 exam-
ple, a Q of greater than 80, and preferably greater than
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180 and, more preferably, greater than 350, is necessary
atfrequencies of about 2 GHz. These same assumptions
apply to the design of antennas.

[0005] Tunable ferroelectric components, especially
those using thin films, can be employed in a wide variety
of frequency agile circuits. Tunable components are de-
sirable 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 tun-
able component that can cover multiple bands potentially
reduces the number of necessary components, such as
switches that would be necessary to select between dis-
crete 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 con-
tradictory requirements. With code division multiple ac-
cess (CDMA) handsets, for example, performance of in-
dividual components is highly stressed. Ferroelectric
(FE) materials may also permit integration of RF compo-
nents that to-date have resisted shrinkage, such as an
antenna interface unit (AlU) for a wireless device.
[0006] Itis known to use a so-called inverted-F anten-
na design in the fabrication of portable wireless commu-
nication devices. The inverted-F design permits an an-
tenna to be made in a relatively small package. Many
conventional wireless devices operate in several fre-
quency bands. Even if each antenna is small, the total
amount of space required for several antennas (one for
each frequency band) can be prohibitive.

[0007] The paper "Electrical tuning of integrated mo-
bile phone antennas" by Juha-Pekka Louhos et al., Pro-
ceedings of 1999 Antenna Applications Symposium,
Monticello, IL, USA, 15-17 September 1999, describes
the enhancement of the impedance bandwidth of a PIFA
antenna by changing the reactive loading of the resonator
either by means of a PIN diode or a varactor diode.
[0008] The document WO 00/28613 describes a tun-
able dielectric varactor including a tunable ferroelectric
layer and first and second non-tunable dielectric layers.
[0009] It would be advantageous if a single antenna
could be used for portable wireless communications in a
plurality of frequency bands.

[0010] It would be advantageous if an inverted-F an-
tenna could be made tunable to operate over a plurality
of frequency bands.

[0011] It would be advantageous if ferroelectric mate-
rial could be used in tuning an inverted-F antenna.

SUMMARY OF THE INVENTION

[0012] The present invention describes an inverted-F
antenna that is tuned to operate over a plurality of fre-
quency bands by using a ferroelectric material as a die-
lectric. More specifically, a FE capacitor is used to modify
the electrical length of the inverted-F radiator.

[0013] Accordingly, an inverted-F ferroelectric anten-
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na is provided as defined in claim 1
[0014] Additional details of the above-described invert-
ed-F ferroelectric antenna are provided below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

Fig. 1 is a plan view of an inverted-F ferroelectric
antenna.

Fig. 2 is a partial cross-sectional view of the antenna
of Fig. 1.

Fig. 3 is a plan view of the antenna of Fig. 1 showing
components underlying the radiator.

Figs 4a, 4b, 4c, and 4d illustrate the first capacitor
embodied as parallel plate and gap capacitors.
Figs. 5a and 5b illustrate different aspects of the first
capacitor of Figs. 4a and 4b, respectively.

Figs. 6a and 6b illustrate other aspects of the first
capacitor of Figs. 4a and 4b, respectively.

Fig. 7 is a partial cross-sectional view of the antenna
of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0016] Fig. 1 is a plan view of the present invention
inverted-F ferroelectric antenna. The antenna 100 com-
prises a counterpoise 102 in a first plane and an inverted-
F structure radiator 104 overlying the counterpoise 102
in a second plane. The inverted-F antenna is a type of
patch antenna.

[0017] Fig. 2 is a partial cross-sectional view of the
antenna of Fig. 1. The radiator 104 has a first end 106
connected to the counterpoise 102 and a second end
108. A first dielectric 110 is interposed between the ra-
diator 104 and the counterpoise 102. Typically, the first
dielectric is air or a ceramic material, such as Alumina.
However, FR4, foam, MgO, lanthanum aluminate, and
sapphire can also be used. The present invention anten-
na is not limited to just this list of materials, as there are
many conventional dielectric materials that are practical.
[0018] A first capacitor 112 is formed from a dielectric
with ferroelectric material, having a variable dielectric
constant, interposed between the radiator second end
108 and the counterpoise 102. The antenna 100 is res-
onant at a frequency responsive to the dielectric constant
of the first capacitor 112 ferroelectric material. The com-
bination of the first capacitor 112 and the radiator 104
have an effective electrical wavelength of a quarter-
wavelength of the resonant frequency.

[0019] A radio frequency (RF) antenna interface 114
connects the radiator 104 to a transmission line first po-
larity 116 and connects the counterpoise 102 to the trans-
mission line second polarity 118. The antenna interface
114 has a predetermined fixed characteristic impedance
independent of the resonant frequency. Typically, the an-
tenna interface 114 is designed to be 50 ohms with a

10

15

20

25

30

35

40

45

50

55

voltage standing wave ration (VSWR) or less than 2:1 at
the operating frequency. Alternately stated, the antenna
interface has a return loss of greater than approximately
10 decibels (dB). The antenna interface 114 can be de-
signed to interface with a microstrip, stripline, coaxial, or
any convention transmission line.

[0020] The antenna 100 has a predetermined approx-
imately constant gain independent of the resonant fre-
quency. In some aspects, the first capacitor is used to
make relatively large shifts in antenna operating frequen-
cy, between frequency bands. Alternately, the first ca-
pacitor is used to shift between narrow channels frequen-
cies within the same frequency band.

[0021] In some aspects, the first capacitor includes a
dielectric formed exclusively from a ferroelectric material
with a variable dielectric constant. That is, the capacitor
is made with only FE dielectric material, so that changes
in dielectric constant, and therefore capacitance, result
from bias voltage changes. The first capacitor FE dielec-
tric can have a dielectric constant in the range between
100 and 5000 at zero volts.

[0022] In other aspects, the dielectric constant of fer-
roelectric materials is too high. Then, the first capacitor
112 is typically formed from an additional dielectric, a
material with a fixed dielectric constant (fixed constant
dielectric). The material can be a ceramic, FR4, air, foam,
MgO, lanthanum aluminate, or sapphire, to name a few
examples. Many other conventional fixed dielectric ma-
terials are also practical. Therefore, first capacitor in-
cludes a dielectric formed from a ferroelectric material
(ferroelectric dielectric) with a variable dielectric con-
stant, together with a fixed constant dielectric material.
[0023] However, the composite dielectric constant re-
sulting from the first capacitor being formed from a fixed
constant dielectric material, as well as the ferroelectric
dielectric, is in the range between 2 and 100 at zero volts.
[0024] Typically, first capacitor FE dielectric material
is formed from barium strontium titanate, Ba,Srq_, TiO3
(BSTO). The BSTO ferroelectric material may include
oxide dopants of tungsten, manganese, or magnesium.
Depending upon the FE material dielectric constant and
the FE material thickness, first capacitor can be fabricat-
ed with a FE dielectric having a dielectric constant that
doubles in response to a change of less than 1 volt of
bias voltage.

[0025] In some aspects, the antenna can be tuned to
operate at PCS frequencies in the range from 1850 to
1990 megahertz (MHz). Then, the radiator has a width
150 (see Fig. 1) of 5.9 millimeters (mm) and a length 152
of 16 mm. The radiator has a height 154 (see Fig. 2) of
6.5 mm. In this example, the first dielectric 110 is air and
thefirst capacitor 112 has a capacitance of approximately
0.35 picofarads (pF) at zero volts of bias voltage. At 40
volts of bias voltage, the first capacitor 112 has a capac-
itance of approximately 0.29 pf. -

[0026] More generally, the first capacitor 112 can be
fabricated to have a capacitance in the range of 0.1 to
10 pf at zero volts, although the first capacitor is not nec-
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essarily limited to this range. Other practically obtainable
frequency bands are 824 to 894 MHz and 1565 to 1585
MHz.

[0027] Insome aspects, thefirst capacitor FE dielectric
is formed in a thin film having a thickness in the range
from 0.15 to 2 microns. In other aspects, the FE dielectric
is formed in a thick film having a thickness in the range
from 1.5 to 1000 microns.

[0028] Fig. 3 is a plan view of the antenna of Fig. 1
showing components underlying the radiator 104. A bias
voltage feed 300 applies a voltage to the first capacitor
112 with the ferroelectric material. A resistor 302 is used
to supply voltage (current) to the voltage feed 300, and
the voltage feed 300 supplies voltage (current) to the first
capacitor 112. Additional filtering may also be connected
to the voltage feed 300 to shunt RF signal to ground. The
other end of the first capacitor 112 is connected to a pad
304, and connected in turn to the radiator second end
108, in the area of hatched lines. Note that the radiator
second end 108 is not connected to the underlying coun-
terpoise 102, in the area of cross-hatched lines. An air
gap or solid dielectric spacer separates the radiator sec-
ond end 108 from the underlying counterpoise 102. Since
the radiator is typically a dc ground, a dc voltage is de-
veloped across the first FE capacitor 112. The FE die-
lectric has a dielectric constant that varies in response
to the applied voltage.

[0029] The first capacitor 112 has a first terminal 306
connected to the radiator second end 118 and a second
terminal 308 connected to the voltage feed 300. The bias
voltage feed 300 applies a first voltage potential across
the first capacitor 112.

[0030] Figs4a,4b, 4c, and 4d illustrate the first capac-
itor 112 embodied as parallel plate and gap capacitors.
As seen in Fig. 4a, the first capacitor 112 is a parallel
plate capacitor having the first terminal 306 formed as a
plate, overlying a layer of FE dielectric 402, overlying a
layer of fixed constant dielectric 400, overlying the sec-
ond terminal 308 formed as a plate.

[0031] As seen in Fig. 4b, the first capacitor 112 is a
gap capacitor having the first and second terminals
306/308 formed as pads, separated by a gap 404, over-
lying alayer of FE dielectric 402. The layer of FE dielectric
402 overlies a layer of fixed constant dielectric 400.
[0032] Alternately stated, the first capacitor 112 in-
cludes at least one fixed constant dielectric layer 400 and
a FE dielectric 402, having a variable dielectric constant,
adjacent the fixed constant dielectric 400. There are a
variety of other approaches, not specifically shown, that
can be used to combine regions of FE dielectric with re-
gions of fixed constant dielectric material to provide the
desired composite dielectric constant.

[0033] AsseeninFig.4btheferroelectric dielectric 402
can be interposed between the fixed constant dielectric
400 and the terminals 306/308. Alternately but not
shown, the fixed constant dielectric is interposed be-
tween the FE dielectric and the terminals.

[0034] Fig. 4c illustrates a first parallel plate capacitor
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112 where the dielectric is formed exclusively from a fer-
roelectric material.

[0035] Fig. 4d is a plan view an interdigital variation of
the first gap capacitor 112.

[0036] Figs. 5a and 5b illustrate different aspects of
the first capacitor 112 of Figs. 4a and 4b, respectively.
The first capacitor 112 fixed constant dielectric forms a
first layer 400b underlying the FE dielectric 402, and a
second layer 400a overlying the FE dielectric 402.
[0037] Figs. 6a and 6b illustrate other aspects of the
first capacitor 112 of Figs. 4a and 4b, respectively. Here
the ferroelectric dielectric 402 is formed internal to the
fixed constant dielectric 400. Likewise but not shown, the
ferroelectric dielectric 402 can be formed external to the
fixed constant dielectric 400.

[0038] Returning to Fig. 3, a bias voltage blocking ca-
pacitor 310 is seen interposed between the first capacitor
second terminal and the counterpoise. The blocking ca-
pacitor acts as an ac (RF) short. With respect to the PCS
antenna example presented above, a 200 pf capacitance
value is practical. In other aspects of the antenna, the
capacitance of the blocking capacitor 310 can be reduced
so that it can be used as a tuning element in series with
first capacitor 112. The blocking (non-FE) capacitor has
a capacitance that remains constant, while first capacitor
112 has a capacitance that varies in response to the bias
voltage.

[0039] Insome aspects of the invention, capacitor 310
is a second capacitor formed from a dielectric with ferro-
electric material having a variable dielectric constant,
equivalentto the first capacitor 112 described above. The
second capacitor 310 has a first terminal 312 connected
to the first capacitor second terminal 308 (the bias voltage
feed 300) and a second terminal 314 connected to the
counterpoise 102.. The bias voltage feed 300 applies a
voltage potential across the second capacitor 310. Then,
the antenna 100 is resonant at a frequency responsive
to the dielectric constant of the second capacitor 310
ferroelectric dielectric, in (series) combination with the
first capacitor 112 ferroelectric dielectric.

[0040] Fig. 7 is a partial cross-sectional view featuring
an additional aspect of the antenna 100 of Fig. 2. In some
aspects of the antenna, when the antenna is being tuned
across an extremely wide range of frequencies, it may
not be practical to maintain the antenna interface 114 at
a constantimpedance. Then, a third FE capacitor, equiv-
alent to the first FE capacitor 112 described above, can
be used to tune the mismatch between the antenna in-
terface 114 and the transmission line. The third capacitor
700 is formed from a ferroelectric dielectric, having a var-
iable dielectric constant, interposed between the trans-
mission line first polarity 116 and the radiator 104. The
characteristic impedance of the transmission line
1161118 (as measured from the antenna interface 114)
is responsive to the dielectric constant of the third capac-
itor 700 ferroelectric dielectric. The voltage bias is shown
connected to the third capacitor 700 via an inductive
choke 702. Alternately but not shown, a resistor can be
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used instead of the choke 702.

Claims

1.

An inverted-F ferroelectric antenna comprising:

a counterpoise (102, 1002);

aninverted-F structure radiator (104, 1004) hav-
ing afirstend (106, 1006) connected to the coun-
terpoise (102, 1002) and a second end (108,
1008);

a first dielectric (110, 1000) interposed between
the radiator (104, 1004) and the counterpoise
(102, 1002);

characterized by a first capacitor (112, 1012)
formed from a second dielectric (400, 402) with
a first ferroelectric material (402), having a first
variable dielectric constant, interposed between
the radiator second end (108, 1008) and the
counterpoise (102, 1002);

wherein the antenna (100) is resonant at a res-
onant frequency responsive to the first variable
dielectric constant of the first ferroelectric mate-
rial (402);

a transmission line having a transmission line
firstpolarity (116) connected to the radiator (104,
1004), the transmission line having a predeter-
mined fixed characteristicimpedance independ-
ent of the resonant frequency of the antenna
(100);

a second capacitor (700) formed from a third
dielectric with a second ferroelectric material
(402), having a second variable dielectric con-
stant, interposed between the transmission line
first polarity (116) and the radiator (104); and
wherein an adjustable impedance, looking to-
ward the transmission line, as seen from the ra-
diator (104), isresponsive to the second variable
dielectric constant of the second ferroelectric
material (402).

The antenna (100) of claim 1 wherein the antenna
(100) has a predetermined approximately constant
gain independent of the resonant frequency.

The antenna of claim 1 wherein the second dielectric
(400,402) of the first capacitor (112, 1012) includes:

a fourth dielectric (400) formed from a fixed di-
electric material with a fixed dielectric constant.

The antenna (100) of claim 1 further comprising:

a bias voltage feed (300) for applying an applied
voltage to the first capacitor (112, 1012); and,

wherein the first variable dielectric constant of
the first ferroelectric material (402) varies in re-
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10.

11.

12.

13.

14.

15.

16.

sponse to the applied voltage.

The antenna (100) of claim 4 wherein the first ferro-
electric material (402) has a first variable dielectric
constant in the range between 100 and 5000 at zero
volts.

The antenna (100) of claim 4 wherein the fixed die-
lectric material (400) and the ferroelectric material
(402) have a composite dielectric constant in the
range between 2 and 100 at zero volts.

The antenna (100) of claim 3 wherein the fixed die-
lectric material (400) is formed from a material se-
lected from the group including ceramic, FR4, air,
foam, MgO, lanthanum aluminate, and sapphire.

The antenna (100) of claim 4 wherein the first ferro-
electric material (402) is formed from barium stron-
tium titanate, Ba,Sry_,, TiO5 (BSTO) .

The antenna (100) of claim 8 wherein the first ferro-
electric material (402) includes oxide dopants select-
ed from the group including tungsten, manganese,
and magnesium.

The antenna (100) of claim 8 wherein the first vari-
able dielectric constant that doubles in response to
a change of less than 1 volt of a bias voltage.

The antenna (100) of claim 8 wherein the first ca-
pacitor (112, 1012) has a capacitance of approxi-
mately 0.35 picofarads (pF) at zero volts of a bias
voltage.

The antenna (100) of claim 11 wherein the first ca-
pacitor (112, 1012) has a capacitance of approxi-
mately 0.29 pf at 40 volts of bias voltage.

The antenna (100) of claim 8 wherein the first ca-
pacitor (112, 1012) has a capacitance in the range
of 0.1 to 10 pf at zero volts.

The antenna (100) of claim 4 wherein the first ferro-
electric material (402) is formed in a thin film having
a thickness in the range from 0.15 to 2 microns.

The antenna (100) of claim 4 wherein the first ferro-
electric material (402) is formed in a thick film having
a thickness in the range from 1.5 to 1000 microns.

The antenna (100) of claim 4 wherein the first ca-
pacitor (112, 1012) has a first terminal (306) con-
nected to the radiator second end (108, 1008) and
a second terminal (308) connected to the bias volt-
age feed (300); and,

wherein the bias voltage feed (300) applies a first
voltage potential across the first capacitor (112,
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24,

25.

26.
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1012).

The antenna (100) of claim 16 wherein the first ca-
pacitor (112, 1012) includes:

a first fixed constant dielectric layer (400); and,
a ferroelectric dielectric (402) with a variable di-
electric constant, adjacent the first fixed con-
stant dielectric layer (400).

The antenna (100) of claim 17 wherein the first fer-
roelectric material (402) is interposed between the
first fixed constant dielectric layer (400) and the ter-
minals (306, 308) .

The antenna (100) of claim 17 wherein the first fixed
constant dielectric material (400a) is interposed be-
tween the ferroelectric material (402) and the first
terminal (306), and a second fixed constant dielectric
layer (400b) is interposed between the second ter-
minal (308) and the ferroelectric material (402).

The antenna (100) of claim 17 wherein the first fer-
roelectric material (402) is formed internal to the first
fixed constant dielectric (400).

The antenna (100) of claim 17 wherein the first fer-
roelectric material (402) is formed external to the first
fixed constant dielectric layer (400).

The antenna (100) of claim 16 further comprising:

a bias voltage blocking capacitor (310) inter-
posed between the first capacitor second termi-
nal (308) and the counterpoise (102, 1002).

The antenna (100) of claim 16 wherein the first ca-
pacitor (112, 1012) is a gap capacitor having the first
and second terminals (306, 308) formed as pads,
separated by a gap, overlying a layer of ferroelectric
dielectric.

The antenna (100) of claim 23 wherein the first ca-
pacitor (112, 1012) includes the layer of ferroelectric
dielectric (402) overlying a layer (400) of fixed con-
stant dielectric.

The antenna (100) of claim 16 wherein the first ca-
pacitor (112, 1012) is a parallel plate capacitor hav-
ing the first terminal (306) formed as a plate, overly-
ing a layer of ferroelectric dielectric (402), overlying
a layer (400) of fixed constant dielectric, overlying
the second terminal (308) formed as a plate.

The antenna (100) of claim 16 further comprising:

a third capacitor (310) formed from a fifth die-
lectric (400,402) with a third ferroelectric mate-
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27.

28.

29.

10

rial (402) having a third variable dielectric con-
stant, with a third capacitor first terminal (312)
connected to the first capacitor second terminal
(308) and a third capacitor second terminal (314)
connected to the counterpoise (102, 1002);
wherein the bias voltage feed (300) applies a
voltage potential across the second capacitor
(310); and,

wherein the antenna (100) is resonant at the res-
onant frequency responsive to the third variable
dielectric constant of the third ferroelectric ma-
terial (402) in combination with the first variable
dielectric constant of the first capacitor ferroe-
lectric material (402).

The antenna (100) of claim 1 wherein the combina-
tion of the first capacitor (112, 1012) and the radiator
(104, 1004) have an effective electrical wavelength
of a quarter-wavelength of the resonant frequency.

The antenna (100) of claim 1 wherein the first die-
lectric (110, 1000) is formed from a material selected
from the group including ceramic, FR4, air, foam,
MgO, lanthanum aluminate, and sapphire.

The antenna (100) of claim 1 wherein the second
dielectric is formed exclusively from the ferroelectric
material (402) .

Patentanspriiche

1.

Inverted-F ferroelektrische Antenne mit:

einem Gegengewicht (102, 1002);

einem Strahler (104, 1004) mit Inverted-F-Struk-
tur mit einem ersten Ende (106, 1006), das mit
dem Gegengewicht (102, 1002) gekoppelt ist,
und einem zweiten Ende (108, 1008);

einem ersten Dielektrikum (110, 1000), das zwi-
schen dem Strahler (104, 1004) und dem Ge-
gengewicht (102, 1002) angeordnet ist;
gekennzeichnet durch

eine erste Kapazitat (112, 1012), die mit einem
ersten ferroelektrischen Material (402) aus ei-
nem zweiten Dielektrikum (400, 402) gebildet
ist, mit einer ersten veranderlichen dielektri-
schen Konstante, die zwischen dem zweiten En-
de (108, 1008) des Strahlers und dem Gegen-
gewicht (102, 1002) angeordnet ist;

wobei die Antenne (100) bei einer Resonanzfre-
quenz resonant ist, die auf die erste veranderli-
che dielekirische Konstante des ersten ferro-
elektrischen Materials (402) reagiert;

einer Ubertragungsleitung mit einer ersten Po-
laritat (116) der Ubertragungsleitung, die mit
dem Strahler (104, 1004) gekoppelt ist, wobei
die Ubertragungsleitung eine vorgegebene fe-
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ste charakteristische Impedanz aufweist, die
von der Resonanzfrequenz der Antenne (100)
unabhangig ist;

eine zweite Kapazitat (700), die mit einem zwei-
ten ferroelektrischen Material (402) aus einem
dritten Dielektrikum gebildet ist, mit einer zwei-
ten veranderlichen dielektrischen Konstante,
die zwischen der Ubertragungsleitung mit erster
Polaritat (116) und dem Strahler (104) angeord-
net ist; und

wobei eine einstellbare Impedanz, die von dem
Strahler (104) aus gesehen auf die Ubertra-
gungsleitung sieht, auf die zweite veranderliche
dielektrische Konstante des zweiten ferroelek-
trischen Materials (402) reagiert.

Antenne (100) gemaR Anspruch 1, wobei die Anten-
ne (100) eine vorgegebene ungefahr konstante Ver-
stérkung aufweist, die von der Resonanzfrequenz
unabhangig ist.

Antenne gemaR Anspruch 1, wobei das zweite Di-
elektrikum (400, 402) der ersten Kapazitat (112,
1012) aufweist:

ein viertes Dielektrikum (400), das aus einem
unveranderlichen dielektrischen Material mit ei-
ner unveranderlichen dielektrischen Konstante
gebildet ist.

Antenne (100) gemafl Anspruch 1, ferner aufwei-
send:

eine Bias-Spannungseinspeisung (300) zum
Anlegen einer angelegten Spannung an die er-
ste Kapazitat (112, 1012); und

wobei sich die erste veranderliche dielektrische
Konstante des ersten ferroelektrischen Materi-
als (402) in Antwort auf die angelegte Spannung
andert.

Antenne (100) gemafR Anspruch 4, wobei das erste
ferroelektrische Material (402) eine erste verander-
liche dielektrische Konstante in dem Bereich zwi-
schen 100 und 5000 bei Null Volt aufweist.

Antenne (100) gemaR Anspruch 4, wobei das unver-
anderliche dielektrische Material (400) und das fer-
roelektrische Material (402) eine zusammengesetz-
te dielektrische Konstante im Bereich zwischen 2
und 100 bei Null Volt aufweisen.

Antenne (100) gemaR Anspruch 3, wobei das unver-
anderliche dielektrische Material (400) aus einem
Material gebildet ist, das aus der Gruppe gewahlt ist,
die Keramik, FR4, Luft, Schaumstoff, MgO, Lantha-
naluminat und Saphir aufweist.
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Antenne (100) gemaf Anspruch 4, wobei das erste
ferroelektrische Material (402) aus Barium-Stronti-
um-Titanat, Ba,Sr_,, TiO3 (BSTO) gebildet ist.

Antenne (100) gemal Anspruch 8, wobei das erste
ferroelektrische Material (402) Oxid-Dotiersubstan-
zen aufweist, die aus der Gruppe ausgewahlt sind,
die Wolfram, Mangan und Magnesium aufweist.

Antenne (100) gemaf Anspruch 8, wobei die erste
veranderliche dielektrische Konstante das verdop-
pelt in Antwort auf eine Anderung von weniger als 1
Volt einer Bias-Spannung.

Antenne (100) gemaf Anspruch 8, wobei die erste
Kapazitat (112, 1012) einen Kapazitatswert von un-
gefahr 0,35 Pikofarad (pF) bei Null Volt einer Bias-
Spannung aufweist.

Antenne (100) gemaR Anspruch 11, wobei die erste
Kapazitat (112, 1012) einen Kapazitatswert von un-
gefahr 0,29 Pikofarad (pF) bei 40 Voltder Bias-Span-
nung aufweist.

Antenne (100) gemaf Anspruch 8, wobei die erste
Kapazitat (112, 1012) einen Kapazitatswert in dem
Bereich von 0,1 bis 10 pF bei Null Volt aufweist.

Antenne (100) gemal Anspruch 4, wobei das erste
ferroelektrische Material (402) in einer dinnen
Schicht mit einer Dicke in dem Bereich von 0,5 bis
2 Mikron gebildet ist.

Antenne (100) gemaR Anspruch 4, wobei das erste
ferroelektrische Material (402) in einer dicken
Schicht mit einer Dicke in dem Bereich von 1,5 bis
1000 Mikron gebildet ist.

Antenne (100) gemaf Anspruch 4, wobei die erste
Kapazitat (112, 1012) einen ersten Anschluss (306)
aufweist, der mit dem zweiten Ende (108, 1008) des
Strahlers gekoppeltist, und einen zweiten Anschluss
(308), der mit der Bias-Spannungs-Einspeisung
(300) gekoppelt ist; und

wobei die Bias-Spannungs-Einspeisung (300) ein
erstes Spannungspotential an die erste Kapazitat
(112, 1012) anlegt.

Antenne (100) gemaf Anspruch 16, wobei die erste
Kapazitat (112, 1012) aufweist:

eine erste Dielektrikumschicht (400) mit festge-
setzter Konstante; und

ein ferroelektrisches Dielektrikum (402) mit ei-
nerveranderlichen dielektrischen Konstante be-
nachbart zur ersten Dielektrikumschicht (400)
mit fester Konstante.
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Antenne (100) gemal Anspruch 17, wobei das erste
ferroelektrische Material (402) zwischen der ersten
Dielektrikumschicht (400) mit festgesetzter Kon-
stante und den Anschlissen (306, 308) angeordnet
ist.

Antenne (100) gemaf Anspruch 17, wobei das erste
Dielektrikummaterial (400a) mit festgesetzter Kon-
stante zwischen dem ferroelektrischen Material
(402) und dem ersten Anschluss (306) angeordnet
ist, und eine zweite Dielektrikumschicht (400b) mit
fester Konstante zwischen dem zweiten Anschluss
(308) und dem ferroelektrischen Material (402) an-
geordnet ist.

Antenne (100) gemaR Anspruch 17, wobei das erste
ferroelektrische Material (402) innerhalb des ersten
Dielektrikums (400) mit festgesetzter Konstante ge-
bildet ist.

Antenne (100) gemaR Anspruch 17, wobei das erste
ferroelektrische Material (402) auRerhalb des ersten
Dielektrikums (400) mit festgesetzter Konstante ge-
bildet ist.

Antenne (100) gemal Anspruch 16, ferner aufwei-
send:

eine Biasspannungs-Blockierkapazitat (310),
die zwischen dem zweiten Anschluss (308) der
ersten Kapazitat und dem Gegengewicht (102,
1002) angeordnet ist.

Antenne (100) gemal Anspruch 16, wobei die erste
Kapazitat (112, 1012) eine Zwischenraum-Kapazitat
mit den ersten und zweiten Anschliissen (306, 308)
ist, die als von einem Zwischenraum getrennte Pads
Uber einer Schicht aus einem ferroelektrischen Di-
elektrikum liegend, gebildet sind.

Antenne (100) gemal Anspruch 23, wobei die erste
Kapazitat (112, 1012) die Schicht aus ferroelektri-
schem Dielektrikum (402) aufweist, die Uber einer
Schicht (400) aus Dielektrikum mit festgesetzter
Konstante liegt.

Antenne (100) gemal Anspruch 16, wobei die erste
Kapazitat (112, 1012) eine Parallelplatten-Kapazitat
ist, wobei der erste Anschluss (306) als eine Platte
Uber einer Schicht aus einem ferroelektrischen Di-
elektrikum (402) liegend, Uber einer Schicht (400)
aus einem Dielektrikum mit festgesetzter Konstante
liegend, Uber dem als Platte ausgebildeten zweiten
Anschluss (308) liegend, gebildet ist.

Antenne (100) gemaR Anspruch 16, ferner aufwei-
send:
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eine dritte Kapazitat (310), die aus einemflinften
Dielektrikum (400, 402) mit einem dritten ferro-
elektrischen Material (402), das eine dritte ver-
anderliche dielektrische Konstante aufweist, ge-
bildet ist, mit einem ersten Anschluss (312) der
dritten Kapazitat, die mitdem zweiten Anschluss
(308) der ersten Kapazitat gekoppelt ist, und ei-
nem zweiten Anschluss (314) der dritten Kapa-
zitat, die mit dem Gegengewicht (102, 1002) ge-
koppelt ist;

wobei die Bias-Spannungseinspeisung (300)
ein Spannungspotential an die zweite Kapazitat
(310) anlegt; und

wobei die Antenne (100) auf der Resonanzfre-
quenz, die auf die dritte veranderliche Dielektri-
kumskonstante des dritten ferroelektrischen
Materials (402) in Verbindung mitder ersten ver-
anderlichen Dielektrikumskonstante des ferro-
elektrischen Materials (402) der ersten Kapazi-
tat reagiert, resonant ist.

Antenne (100) gemaR Anspruch 1, wobei die Kom-
bination der ersten Kapazitat (112, 1012) und des
Strahlers (104, 1004) eine wirksame elektrische
Wellenldnge einer A/4-Lange der Resonanzfre-
quenz aufweist.

Antenne (100) gemafl Anspruch 1, wobei das erste
Dielektrikum (110, 1000) aus einem Material gebil-
det ist, das aus der Gruppe ausgewahlt ist, die Ke-
ramik, FR4, Luft, Schaumstoff, MgO, Lanthanalumi-
nat und Saphir aufweist.

Antenne (100) gemaR Anspruch 1, wobei das zweite
Dielektrikum ausschliellich aus dem ferroelektri-
schen Material (402) gebildet ist.

Revendications

1.

Antenne ferroélectrique en F inversé comprenant :

un contrepoids (102, 1002) ;

un radiateur en structure en F inversé (104,
1004) comportant une premiére extrémité (106,
1006) raccordée au contrepoids (102, 1002) et
une deuxieme extrémité (108, 1008) ;

un premier diélectrique (110, 1000) intercalé en-
tre le radiateur (104, 1004) et le contrepoids
(102, 1002) ;

caractérisée par

un premier condensateur (112, 1012) formé a
partir d'un deuxiéme diélectrique (400, 402)
avec un premier matériau ferroélectrique (402),
ayant une premiére constante diélectrique va-
riable, intercalé entre la deuxiéme extrémité de
radiateur (108, 1008) et le contrepoids (102,
1002) ;
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dans laquelle I'antenne (100) est résonante a
une fréquence de résonance en réponse a la
premiére constante diélectrique variable du pre-
mier matériau ferroélectrique (402) ;

une ligne de transmission ayant une premiére
polarité de ligne de transmission (116) raccor-
dée au radiateur (104, 1004), la ligne de trans-
mission ayant une impédance caractéristique
fixe prédéterminée indépendante de la fréquen-
ce de résonance de I'antenne (100) ;

un deuxiéme condensateur (700) formé a partir
d’'un troisiéme diélectrique avec un deuxiéme
matériau ferroélectrique (402), ayant une
deuxieme constante diélectrique variable, inter-
calé entre la premiére polarité de ligne de trans-
mission (116) et le radiateur (104) ; et

dans laquelle une impédance ajustable, orien-
tée vers la ligne de transmission, telle qu'obser-
vée depuis le radiateur (104), est sensible a la
deuxieme constante diélectrique variable du
deuxiéme matériau ferroélectrique (402).

Antenne (100) selon la revendication 1, dans laquel-
le 'antenne (100) présente un gain prédéterminé ap-
proximativement constant indépendant de la fre-
quence de résonance.

Antenne selon la revendication 1, dans laquelle le
deuxieme diélectrique (400, 402) du premier con-
densateur (112, 1012) comprend :

un quatriéme diélectrique (400) formé a partir
d’'un matériau diélectrique fixe avec une cons-
tante diélectrique fixe.

Antenne (100) selon la revendication 1, comprenant
en outre :

une alimentation en tension de polarisation
(300) destinée a appliquer une tension appli-
quée au premier condensateur (112, 1012) ; et
dans laquelle la premiére constante diélectrique
variable du premier matériau ferroélectrique
(402) varie en réponse a la tension appliquée.

Antenne (100) selon la revendication 4, dans laquel-
le le premier matériau ferroélectrique (402) présente
une premiére constante diélectrique variable dans
la plage comprise entre 100 et 5 000 a zéro volt.

Antenne (100) selon la revendication 4, dans laquel-
le le matériau diélectrique fixe (400) et le matériau
ferroélectrique (402) présentent une constante dié-
lectrique composite dans la plage comprise entre 2
et 100 a zéro volt.

Antenne (100) selon la revendication 3 dans laquelle
le matériau diélectrique fixe (400) est formé d’un ma-
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tériau sélectionné dans le groupe comprenant la cé-
ramique, le FR4, I'air, lamousse, le MgO, I'aluminate
de lanthane et le saphir.

Antenne (100) selon la revendication 4, dans laquel-
le le premier matériau ferroélectrique (402) estformé
de titanate de strontium de baryum, Ba,Sry_,, TiO5
(BSTO).

Antenne (100) selon la revendication 8, dans laquel-
le le premier matériau ferroélectrique (402) com-
prend des dopants d’oxyde sélectionnés dans le
groupe comprenant le tungstene, le manganése et
le magnésium.

Antenne (100) selon la revendication 8, dans laquel-
le la premiere constante diélectrique variable double
en réponse a un changement de moins de 1 volt
d’'une tension de polarisation.

Antenne (100) selon la revendication 8, dans laquel-
le le premier condensateur (112, 1012) présente une
capacitance d’environ 0,35 picofarad (pF) a zéro volt
d’'une tension de polarisation.

Antenne (100) selon la revendication 11, dans la-
quelle le premier condensateur (112, 1012) présente
une capacitance d’environ 0,29 pF a 40 volts de ten-
sion de polarisation.

Antenne (100) selon la revendication 8, dans laquel-
le le premier condensateur (112, 1012) présente une
capacitance dans la plage de 0,1 a 10 pF a zéro volt.

Antenne (100) selon la revendication 4, dans laquel-
le le premier matériau ferroélectrique (402) estformé
dans une couche mince présentant une épaisseur
dans la plage de 0,15 a 2 microns.

Antenne (100) selon la revendication 4, dans laquel-
le le premier matériau ferroélectrique (402) estformé
dans une couche mince présentant une épaisseur
dans la plage de 1,5 a 1 000 microns.

Antenne (100) selon la revendication 4, dans laquel-
le le premier condensateur (112, 1012) présente une
premiére borne (306) raccordée a la deuxiéme ex-
trémité de radiateur (108, 1008) et une deuxieme
borne (308) raccordée a I'alimentation en tension de
polarisation (300) ; et

dans laquelle I'alimentation en tension de polarisa-
tion (300) applique un premier potentiel de tension
en travers du premier condensateur (112, 1012).

Antenne (100) selon la revendication 16, dans la-
quelle le premier condensateur (112, 1012)
comprend :
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une premiére couche de diélectrique constant
fixe (400) ; et

un diélectrique ferroélectrique (402) avec une
constante diélectrique variable, adjacent a la
premiére couche de diélectrique constant fixe
(400).

Antenne (100) selon la revendication 17, dans la-
quelle le premier matériau ferroélectrique (402) est
intercalé entre la premiére couche de diélectrique
constant fixe (400) et les bornes (306, 308).

Antenne (100) selon la revendication 17, dans la-
quelle le premier matériau diélectrique constant fixe
(400a) est intercalé entre le matériau ferroélectrique
(402) et la premiére borne (306), et une deuxieme
couche de diélectrique constant fixe (400b) est in-
tercalée entre la deuxiéme borne (308) et le matériau
ferroélectrique (402).

Antenne (100) selon la revendication 17, dans la-
quelle le premier matériau ferroélectrique (402) est
formé de fagon interne au premier diélectrique cons-
tant fixe (400).

Antenne (100) selon la revendication 17, dans la-
quelle le premier matériau ferroélectrique (402) est
formé de fagon externe a la premiére couche de dié-
lectrique constant fixe (400).

Antenne (100) selon la revendication 16, compre-
nant en outre :

un condensateur de blocage de tension de po-
larisation (310) intercalé entre la deuxiéme bor-
ne de premier condensateur (308) et le contre-
poids (102, 1002).

Antenne (100) selon la revendication 16, dans la-
quelle le premier condensateur (112, 1012) est un
condensateur d’écart ayant les premiére et deuxie-
me bornes (306, 308) formées comme des patins,
séparés par un écart, recouvrant une couche de dié-
lectrique ferroélectrique.

Antenne (100) selon la revendication 23, dans la-
quelle le premier condensateur (112, 1012) com-
prend la couche de diélectrique ferroélectrique (402)
recouvrant une couche (400) de diélectrique cons-
tant fixe.

Antenne (100) selon la revendication 16, dans la-
quelle le premier condensateur (112, 1012) est un
condensateur a plaque paralléle ayant la premiéere
borne (306) formée comme une plaque, recouvrant
une couche de diélectrique ferroélectrique (402), re-
couvrant une couche (400) de diélectrique constant
fixe, recouvrant la deuxieme borne (308) formée
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comme une plaque.

Antenne (100) selon la revendication 16, compre-
nant en outre :

un troisiéme condensateur (310) formé a partir
d’un cinquiéme diélectrique (400, 402) avec un
troisieme matériau ferroélectrique (402) ayant
une troisieme constante diélectrique variable,
avec une premiere borne de troisieme conden-
sateur (312) raccordée a la deuxiéme borne de
premier condensateur (308) et une deuxiéme
borne de troisieme condensateur (314) raccor-
dée au contrepoids (102, 1002) ;

dans laquelle I'alimentation en tension de pola-
risation (300) applique un potentiel de tension
en travers du deuxiéme condensateur (310) ; et
dans laquelle I'antenne (100) est résonante a la
fréquence de résonance en réponse a la troisie-
me constante diélectrique variable du troisieme
matériau ferroélectrique (402) en combinaison
avec la premiére constante diélectrique variable
du matériau ferroélectrique de premier conden-
sateur (402).

Antenne (100) selon la revendication 1, dans laquel-
le la combinaison du premier condensateur (112,
1012) et du radiateur (104, 1004) présente une lon-
gueur d’onde électrique effective d’'un quart de lon-
gueur d’onde de la fréquence de résonance.

Antenne (100) selon la revendication 1, dans laquel-
le le premier diélectrique (110, 1000) est formé a
partir d’'un matériau sélectionné dans le groupe com-
prenant la céramique, le FR4, I'air, la mousse, le
MgO, l'aluminate de lanthane et le saphir.

Antenne (100) selon la revendication 1, dans laquel-
le le deuxieéme diélectrique est formé exclusivement
a partir du matériau ferroélectrique (402).
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