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Description

Technical Field

[0001] The invention relates to a radio frequency
phase shifting device with a transmission line comprising
a first electrode and a second electrode that are spaced
at a distance to each other, and which are suitable and
used for propagation of a radio frequency electromag-
netic signal along the first electrode and the second
electrode with a phase difference of 180° between the
respective electromagnetic signals, wherein a tunable
dielectric material affects a phase shift of the electro-
magnetic signal that is propagated along the transmis-
sion line.

Background of the invention

[0002] Phase shifting devices can be used to modify
the relative displacement between two corresponding
features like peaks or zero crossings of an electromag-
netic wave or signal without changing the frequency of
the electromagnetic wave or signal. When two or more
electromagnetic signals of the same frequency are
superimposed, the result depends on the phase differ-
ence between the respective electromagnetic signals.
The electromagnetic signals can be reinforced or wea-
kened. Furthermore, by superimposing two ormore elec-
tromagnetic waves that are radiated by respective an-
tennas, the phase difference between the radiated elec-
tromagnetic waves will determine a direction of a rein-
forced superposition of the electromagnetic waves, re-
sulting in a preferred direction of irradiation originating
from the respective antennas.
[0003] In order to intensify the reception or emission of
electromagnetic irradiation from a given direction, a
phased array antenna comprises several antenna ele-
ments that are distributed next to each other. The phase
difference of electromagnetic signals received or emitted
by the respective antennas is predetermined in such a
manner that the superposition of the respective signals is
maximized for a given direction, resulting in enhanced
signal sensitivity or signal emission for said direction.
[0004] Thereareknownprior art phaseshiftingdevices
that create a pre-set phase difference between the in-
comingandoutgoing signal. A phasedarray antenna that
is equipped with such constant phase shifting devices
can be designed to maximize the signal sensitivity or
signal emission for a given single direction.
[0005] Furthermore, phase shifting devices with a tun-
ablephasedifferenceareknownanddescribede.g. inEP
2 761 693 A1 or EP 2 956 986 B1. These phase shifting
devices include a linear transmission line comprising a
first electrode and a second electrode that are spaced at
a distance to each other, wherein a tunable dielectric
material is arranged between the first electrode and the
second electrode. The phase difference created by a
tunable phase shifting device can be tuned, i.e. it can

be operated to produce different phase differences
whereby the respectivephasedifferencecanbemodified
and controlled by a control setting applied to the tunable
dielectric material which affects the phase of the signal
along the linear transmission line. A phased array anten-
na with several antennas that are interconnected with
such tunable phase shifting devices can be operated in
such a manner as to change the direction of enhanced
signal sensitivity or signal emission in accordance to the
requirements at a given time.
[0006] Prior art document ONUR HAMZA KARABEY
ETAL: "Tunable loaded line phase shifters formicrowave
applications", IEEE MTT-S INTERNATIONAL MICRO-
WAVE SYMPOSIUM, 5 June 2011, pages 1‑4, discloses
a tunable periodically loaded slot line phase shifter. Prior
art document Mohammad Nikfalazar et al.: "Fully printed
tunable phase shifter for L/S-band phased array applica-
tion", IEEE MTT-S INTERNATIONAL MICROWAVE
SYMPOSIUM, 1 June 2014 (2014‑06‑01), pages 1‑4,
discloses a phase shifting device with a tunable phase
that is fully printed on top of a carrier substrate.
[0007] Therefore, one of the key components which
are necessary to build phased array antennaswith adap-
tive beam forming is a tunable phase shifting device,
meaning a device which dynamically can adjust the
phase or the delay of a radiofrequency signal. Usually,
there is at least one phase shifting device for each
radiating element of the array antenna. Each phase
shifter device in turn is fed by a feed network. Due to
the usually required large number of radiating elements,
an at least equally largenumber of phase shifting devices
must be integrated within a limited area in such a phase
array antenna.
[0008] Accordingly, there is a need for a phase shifting
device that allows for easy manufacturing, requires little
space and provides for a large phase difference between
the input signal and the output signal. Easy manufactur-
ing is possible if techniques can be used to fabricate a
large number of electrodes at high density on an area of
e.g. 0.5 m2 which is a typical surface area for phased
array antennas operating at frequencies of e.g. 20 GHz.
The necessary fabrication techniques are in principle
known from Liquid Crystal Display (LCD) manufacturing
but are usually not applied to building phased array
antennas. In order to employ the fabrication techniques
of LCD manufacturing suitable tunable phase shifter
topologieshave tobe foundwhich canbebothelectrically
and also mechanically be integrated in a phased array
antenna system.
[0009] Accordingly, there is a need for a phase shifting
device that allows for easy manufacturing, requires little
space and provides for a large phase difference between
the input signal and the output signal.

Summary of the invention

[0010] The present invention relates to a radio fre-
quency phase shifting device as set out in the appended
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set of claims 1 to 16.
[0011] The phase of the electromagnetic signal that
propagates along the transmission linewill be affected by
the parallel plate capacitor areas that are distributed
along the transmission line. The electromagnetic signal
is preferably a radiofrequency signal with a frequency in
the range of 20 kHz to 300 GHz. The phase shifting
device is adapted to transmit such a radiofrequency
signal and to affect and modify the phase of this signal.
[0012] From a topological view the transmission line
with non-overlapping sections and with overlapping sec-
tions is similar to a periodically loaded differential or
balanced transmission line. The resulting phase shift
depends inter alia on the number and the area of the
parallel plate conductor areas within the overlapping
sections that are implemented along the transmission
line.
[0013] Preferably the tunable dielectric material is a
liquid crystal material with a high dependency of the
dielectric characteristics onanelectric field that is applied
to the liquid crystal material. Suitable liquid crystal ma-
terials as well as other tunable dielectric materials are
known in the art and commercially available. The electric
field that is applied to the liquid crystal material super-
imposes the radio frequency signal that is propagated
along the transmission line, but this does not significantly
interfere with the signal propagation.
[0014] A key difference between phase shifting de-
vices known in prior art and the invention at hand is
the design and embodiment of the transmission line as
adifferential line, i.e. asa transmission line that is suitable
and can be used for signal transmission along the trans-
mission line in a differential pair transmission mode.
Thus, the arrangement and the design of the first and
second electrode of the transmission line must provide
for a balanced transmission line. Furthermore, the first
electrode and the second electrode are electroconduc-
tively isolated from each other. The transmission line
must allow for a predominant signal propagation along
the transmission line in transverseelectromagneticmode
(TEM-mode)with neither electric normagnetic field in the
direction of propagation, i.e. in the direction along the
transmission line.
[0015] The phase shift of the electromagnetic signals
that are transmitted along the first and second electrode
will be affected and controlled by the dielectric character-
istics of the overlapping sections, that itself are controlled
by the electric field that is applied to the tunable dielectric
material arranged within the overlapping sections. The
combined radio frequency signal with the appropriate
phase shift that has been preset by the phase shifting
device can then be used for e.g. signal emission or for
signal evaluation of a phased array antenna.
[0016] According to an advantageous aspect of the
invention the first electrode is arranged at a distance in
the first direction to the second electrode, whereby the
overlapping area of the first electrode overlaps the over-
lapping area of the second electrode in order to provide

for one parallel plate capacitor area. Thus, no dedicated
and separate capacitor electrodes are required. The first
electrode and the second electrode are divided into
sections that do not overlap each other and into sections
that overlap each other. The tunable dielectric material is
arranged between the first electrode and the second
electrode. The tunable dielectric material may be ar-
ranged as a layer that is confined by glass or other
material. The surface of the layer may extend over both
electrodesandcover overlappingsectionsandnon-over-
lapping sections of the first electrode and the second
electrode. It is also possible to limit the tunable electric
material to separate areas that only cover the respective
capacitor electrode areas between the first electrode and
the second electrode.
[0017] According to an advantageous embodiment of
the invention, the first electrode is arranged at a first
surfaceof a first substrate layer and the secondelectrode
is arranged at a second surface of a second substrate
layer, whereby the first surface of the first substrate layer
faces the second surface of the second substrate layer
and whereby the first surface is arranged at a distance in
the first direction to the second surface. The first elec-
trode and the second electrode can be manufactured by
deposition of electroconductive material onto a corre-
sponding nonconducting substrate layer. The two sub-
strate layers can be spaced at a distance in the first
direction to each other, thereby confining an intermediary
layer of the tunable dielectric material. Such a sandwich
structure can bemanufactured by easily controllable and
reliable methods. The space requirement is approxi-
mately one millimeter for the thickness of the sandwich
structure. Manufacture of the sandwich structure is simi-
lar to fabrication of liquid crystal displays and can be
integrated into the respective production methods which
then include such phase shifting devices. The substrate
layers can be made of glass or any other material with
non-conductive or sufficiently low conductive character-
istics and with sufficient surface smoothness.
[0018] According to an advantageous embodiment of
the invention the first surface of the first substrate layer
and the second surface of the second substrate layer
confine the tunable dielectric material. Thus, no further
substrate layers are required for confining the tunable
dielectric material, which reduces the size and manufac-
turing costs for the phase shifting device.
[0019] According to an alternative aspect of the inven-
tion the first electrode and the second electrode are
arranged side by side at a distance towards each other
along the second direction on a same surface of a sub-
strate layer, and a capacitor electrode is arranged at a
distance in the first direction to this surface of the sub-
strate layer with the first electrode and the second elec-
trode in such a manner that a first capacitor electrode
area of the capacitor electrode overlaps the overlapping
area of the first electrode and that a second capacitor
electrode area of the capacitor electrode overlaps the
overlapping area of the second electrode, thus providing
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for two parallel plate capacitor areas between the capa-
citor electrode and the respective overlapping areas
within the overlapping section. The first electrode and
the secondelectrodemaybearrangednext to another on
the same level of the phase shifting device. In addition to
thefirst and thesecondelectrodeat least oneor a few,but
preferably many capacitor electrodes are arranged at
another level in the first direction with respect to the first
and second electrodes. The use of separate capacitor
electrodes allows for complex shapesof the parallel plate
capacitor areas along the transmission line and may
simplify the manufacturing of the phase shift device.
[0020] In another aspect of the invention the first elec-
trode and the second electrode each comprise an un-
branched strip-shaped transmission line segment,
whereby both transmission line segments are directed
along the transmission line. A strip-shaped transmission
line segment usually has a uniform width. Both transmis-
sion line segments can be of linear shape, i.e. the strip-
shaped transmission line segment extends along a
straight line, whereby the respective transmission seg-
ments are parallel and at a distance in the second direc-
tion to each other.
[0021] The strip-shape transmission line segment can
also be curved. It is also possible for the strip-shape
transmission segment to comprise linear sections in
combination with corners or curved sections. Further-
more, the strip-shaped transmission segment may also
have a spiral shape or meandering shape. The strip-
shape transmission line segment may also have a zig-
zag pattern.
[0022] According to another aspect of the invention,
the strip-shaped transmission segments only comprise
non-overlapping sectionsarrangedat a distance towards
each other in the second direction, and each of the over-
lapping areas of the first electrode and/or of the second
electrode is protruding in the second direction from the
respective strip-shaped transmission line segment of the
first electrode and/or of the second electrode. When
viewed fromadistance in the first direction, the combined
shape of the first electrode and the second electrode can
be similar to a ladder, wherein the strip-shaped transmis-
sion line segment of the first electrode and of the second
electrode are similar to the first and second ladder
beams, and wherein the protruding overlapping areas
are similar to the rungs of the ladder. Each rung of the
ladder comprises one overlapping area that protrudes in
the second direction from the strip-shaped transmission
line segment of the first electrode, and one overlapping
area that protrudes in the second direction from the strip-
shaped transmission line segment of the second elec-
trode. Even though the two respective overlapping areas
of the first and second electrode do overlap, they are
spaced apart in the first direction and separated by the
tunable dielectric material that is between the first elec-
trode and the second electrode, or at least between the
overlapping areas of the first electrode and the second
electrode.

[0023] In yet another embodiment of the invention the
respectiveoverlappingareasof thefirst electrodeand the
second electrode provide for a rectangular or a quadratic
parallel plate capacitor area. However, the overlapping
areas may have any shape and contour that is advanta-
geous for the desired phase shift or for the design of the
electronic component that includes the phase shifting
device.
[0024] In yet another aspect of the invention, subse-
quent parallel plate capacitor areas along the transmis-
sion line differ in respective distance to each other and/or
in size and/or in shape. Thus, the parallel plate capacitor
areas may be of identical shape and size and may be
arranged in a regular pattern along the transmission line.
However, it might be advantageous e.g. for signal pro-
pagation or for reduced size or manufacturing costs to
arrange for parallel plate capacitor areas that have a
different shape or size along the transmission line. Also,
the distance in the direction of signal transmission along
the transmission line between two adjacent parallel plate
capacitor areas may vary according to demands related
to size or cost of the phase shifting device, or in order to
allow for better signal propagation or enhanced phase
shifting properties of the phase shifting device.
[0025] According to another aspect of the invention,
the first andsecondelectrodecanbe referenced tooneor
more ground electrodes located at a distance in the first
direction, e.g. on the outward facing surfaces of the
substrate layers. However, the phase shifting device
does not rely on the presence of a ground electrode. If
e.g. for reasonsof integrating the sandwich structurewith
other layers of a phased array antenna one or more
ground electrodes are necessary, the size and the dis-
tance of the strip shaped transmission line segments can
be easily adjusted when compared to a phase shifting
device without ground electrodes.
[0026] According to an aspect of the invention, the first
electrode and the second electrode are electrically con-
nected toabias voltagesource.Thebiasvoltagecanbea
constant bias voltage or a preferably low frequency vol-
tage with a frequency of up to several kHz. The bias
voltage does not interfere with the signal propagation
along the transmission line of the phase shifting device.
The bias voltage that is applied to the first and second
electrode by the bias voltage affects the dielectric char-
acteristics of the tunable dielectric material that is ar-
ranged between the first and the second electrode. By
applying a bias voltage to the first and second electrode
and thereby affecting and changing the dielectric proper-
ties of the tunable dielectric material in between the
parallel plate capacitor areas, the phase difference be-
tween the input signal and the output signal of the phase
shifting device can be easily and reliably controlled and
modified according to the respective requirements.
[0027] According to an advantageous embodiment of
the invention, thefirst electrode is connected toafirst bias
electrode which is connected to the bias voltage source,
and that the second electrode is connected to a second
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bias electrode which is connected to the bias voltage
source.Thewidthof thebiaselectrodecanbesmallwhen
compared to the width of the first electrode and of the
second electrode. The width can be approx. 10% or less
of the width of the first or second electrode. A small width
or cross-section area of the first and second bias electro-
des contributes to a high impedance of the first and
second bias electrode resulting in reduced leakage of
the electromagnetic signal from the first and second
electrode into the first or second bias electrode.
[0028] In yet another embodiment of the invention the
first and second bias electrodes consists of a material
with a lower electrical conductivity that the first and
second electrode. The resulting higher resistance of
the bias electrodes prevents the electromagnetic signal
that propagates along the transmission line from leaking
from the first and second electrode into the first or second
bias electrode. Preferably the first and second electrode
are made of or comprise a material with a high conduc-
tivity of more than 40 * 106 S/m like e.g. gold or copper.
The first and second bias electrodes preferably has a
sheet resistance of more than 20 Ohms/square and can
be made of or comprise Indium Tin Oxide (ITO) or Ni-
chrome (NiCr).
[0029] According to another aspect of the invention,
the width of the first and second electrode in the second
direction is between 100 µm and 500 µm, preferably
approx. 200 µm. Furthermore, the width of the overlap-
ping area between the first electrode and the second
electrode in the second direction is between 100 µmand
500µm, preferably approx. 200µm. Thewidth of the first
and second electrode should be smaller than Lamb-
da/10, i.e. one-tenth of the characteristic wavelength of
the electromagnetic signal that propagates along the
transmission line. The distance in the second direction
between the first electrode and the second electrode can
be less than 50 µm or even less than 25 µm. For most
applications the distance is between 10µmand 200 µm.
However, it is also possible to provide for a distance of
more than 200 µm. In general, it is considered advanta-
geous for the distance to be smaller than Lambda/10.
[0030] The invention also relates to a method for oper-
ating the radio frequency phase shifting device as de-
scribed above, whereby the method comprises steps as
set out in the appended claims 11 and 12. Within the
meaning of this invention the term quasi-transverse elec-
tromagnetic mode denotes a signal transmission mode
that is predominantly a transverseelectromagneticmode
(TEM-mode), but might also exhibit some less intense
longitudinal component of the propagated signal due to
the inhomogeneity at the dielectric materials that sur-
round the first and second electrode, e.g. the substrate
layers with a limited thickness and the tunable dielectric
material in between the substrate layers. However, the
transmission line is operated in a manner to support
differential mode signal transmission, but not operated
in a manner to support slot line mode or microstrip line
mode of signal transmission. The space requirements for

a pair of electrodes that are suitable for differential mode
transmission is significantly smaller than the space re-
quirements for a slot line electrode arrangement. Thus,
the method for operating the radio frequency phase
shifting device allows for a compact and space-saving
design of the phase shifting device, which promotes the
use of such a phase shifting device within a phased array
antenna.
[0031] According to another aspect of the invention
related to the method, a phase shift of the radio device
signal that is transmitted along the transmission line in a
differential pair transmission mode is controlled by con-
trolling a direct current bias voltage that is applied to the
first and second electrode of the transmission line. The
electric field that is used for controlling the dielectric
properties of the tunable dielectric material between
the first and secondelectrode,which results in controlling
the phase shift of a radio frequency signal that propa-
gates along the transmission line, is preset by a bias
voltage that is applied to the first and second electrode
itself. Thus, no additional bias voltage electrodes are
required for creating the electric field that is required
for dielectric tuning of the tunable dielectric material.
The direct current bias voltage that is applied to the first
and secondelectrode does not affect the signal transmis-
sion in differential mode of the radio frequency signal that
is transmitted along the first and second electrode of the
transmission line.
[0032] The invention also relates to a phased array
antenna comprising several antenna elements as set out
in the appended set of claims 13 to 16.
[0033] In order to reduce the space requirement and to
facilitate the manufacturing, the phased array antenna
comprises on top of each other a base layer with an entry
point, a first substrate layer with a first electrode, a tun-
able layer that comprises the tunable dielectric material,
a second substrate layer with a second electrode and an
antenna layerwith a radiating antenna structure. The first
and second electrode can be arranged onto the respec-
tive surface of the first and second substrate layer by any
suitablemethod, e.g. by printing or vapor deposition or by
anymethod used within the semiconductor industry. The
characteristic dimension of the phased array antenna
can be some millimeters or up to some centimeters or
decimeters. The dimensions are preferably adapted to
the frequency of the electromagnetic signal that is re-
ceived or emitted by the respective antennas. The more
antennas that are incorporated into the phased array
antenna, the larger the respective dimensions of the
phased array antenna will be. The individual antennas
are preferably arranged in a regular grid pattern of a
rectangular or quadratic shape. However, it is also pos-
sible to arrange the antennas of the phased array anten-
na in a circular shape with several concentric circles of
individual antennas.
[0034] According to an advantageous embodiment of
the invention, the first substrate layer and the second
substrate layer consists of a glass material, and the
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tunable layer comprises a liquid crystal material with
tunable dielectric properties.

Brief description of the drawings

[0035] The present invention will be more fully under-
stood, and further features will become apparent, when
reference is made to the following detailed description
and the accompanying drawings. The drawings are
merely representative and are not intended to limit the
scopeof the claims. In fact, thoseof ordinary skill in theart
may appreciate upon reading the following specification
and viewing the present drawings that various modifica-
tions and variations can be made thereto without deviat-
ing from the innovative concepts of the invention. Like
parts depicted in thedrawingsare referred to by the same
reference numerals.

Figure 1 illustrates a schematic top view of a phased
array antenna that comprises 64 individual antennas
arranged in a quadratic grid pattern,

Figure 2 illustrates a schematic top view of a trans-
mission line of a single phase shifting device,

Figure 3 illustrates a sectional view of the transmis-
sion line as shown in figure 2 taken along the line III-
III,

Figure 4 illustrates a sectional view of the transmis-
sion line as shown in figure 2 taken along the line IV-
IV,

Figure 5 illustrates a topological representation of
the transmission line as shown in figure 2,

Figure 6 illustrates a schematic top view of a trans-
mission line of a single phase shifting device, where-
by strip-shaped transmission line segments of the
first and second electrode are arranged in a zig-zag
pattern,

Figure 7 illustrates a schematic top view of a trans-
mission line of a single phase shifting device, where-
by the strip-shaped transmission line segments ex-
hibit a square-wave meandering pattern,

Figure 8 illustrates a schematic top view of a trans-
mission line of a single phase shifting device, where-
by parallel plate capacitor areas along the transmis-
sion line differ in size and in shape,

Figure 9 illustrates a schematic top view of a trans-
mission line of a single phase shifting device, where-
by the first electrode 5 and the second electrode 6
are overlapped by several capacitor electrodes,

Figure 10 illustrates a sectional view of the transmis-

sion lineasshown infigure9 takenalong the lineX-X,
and

Figure 11 illustrates a sectional view of the transmis-
sion line as shown in figure 9 taken along the line XI-
XI.

Detailed description of the invention

[0036] Aphasedarray antenna1 that is shown in figure
1 comprises 64 individual antenna elements 2 that are
arranged in a quadratic grid pattern with 8 x 8 antenna
elements2. In thecenter there isasingle signal feedpoint
3 that is located on the back side of the grid pattern. An
electromagnetic signal, preferably a radiofrequency sig-
nal, canbe introduced into thephased array antenna1by
the signal feed point 3 and distributed to all of the re-
spective antenna elements 2. In the same manner an
electromagnetic signal that is received by the individual
antennaelements2of thephasedarrayantenna1canbe
transmitted to the signal feed point 3 and extracted from
the phased array antenna. All individual antenna ele-
ments 2 are connected with the signal feed point 3.
The connection comprises a dedicated phase shifting
device for each individual antenna element 2, however,
the phase shifting devices are is not shown in figure 1.
[0037] The phase shifting devices can be the electrical
connection of the individual antenna elements 2 to the
signal feed point 3. Preferably, for each antenna element
2 the corresponding phase shifting device is only a part or
sectionof theelectrical connection to thesignal feedpoint
3.
[0038] Figure 2 illustrates a schematic top view of a
transmission line 4 of a single phase shifting device. The
transmission line 4 comprises a first electrode 5 and a
second electrode 6, whereby the first electrode 5 is at a
different level in a first direction 26 with respect to the
second electrode 6, thus resulting in a distance in the first
direction 26 between the first electrode 5 and the second
electrode 6. The first direction 26 is perpendicular to the
direction of the signal propagation 9, i.e. along the direc-
tion of the transmission line 9 and also perpendicular to
the drawing plane of figure 2. In figure 2 the first electrode
5 is depicted on top of the second electrode 6. In order to
better illustrate the distance in the first direction 26 be-
tween thefirst electrode5and thesecondelectrode6, the
first and second electrode 5, 6 are shown slightly dis-
placed with respect to each other within the drawing
plane, i.e. along the direction of the transmission line 9
as well as along a second direction 27 that is perpendi-
cular to the direction of the transmission line 9 as well as
perpendicular to the first direction 26. Furthermore, the
respective parts of the second electrode 6 that are de-
picted being below the corresponding parts of the first
electrode5areshownwithadashed line. For thepurpose
of this description of the invention, themeaning of the first
direction 26 and the second direction 27 is not limited to a
single orientation but refers to an alignment along an axis

5

10

15

20

25

30

35

40

45

50

55



7

11 EP 3 609 018 B1 12

that runs along the first and second direction 26, 27
respectively. Thus, reference to a displacement or a
protrusion along the first direction 26 includes a displace-
ment or protrusion in both orientations along the respec-
tive direction 26, 27.
[0039] Each of the first and second electrode 5, 6
comprises a strip-shaped transmission line segment 7,
8 that runs along a straight line in the direction of a signal
propagation direction 9. At regular intervals a rectangular
overlapping area 10, 11 protrudes in the second direction
27 from the respective strip-shaped transmission line
segment 7, 8 of the first electrode 5 and of the second
electrode 6, whereby the rectangular overlapping areas
10, 11 are directed towards each other. Within an over-
lapping section 12 of the transmission line 4, one over-
lapping area 10 of the first electrode 5 that is perpendi-
cular to the first direction 26 overlaps with one corre-
sponding overlapping area 11 of the second electrode 6
that is also perpendicular to the first direction 26. The two
overlapping areas 10, 11 provide for a parallel plate
capacitor area 13 of quadratic shape when viewed from
the top, i.e. along the first direction 26. The overlapping
sections 12 of the transmission line 4 alternate with non-
overlapping sections 14 that only comprises the strip-
shaped transmission line segments 7, 8 that are at a
distance to each other in the second direction 27 and that
do not overlap like within the overlapping sections 12 of
the transmission line 4.
[0040] Thenon-overlapping sections14donot change
much of the phase of the electromagnetic signal that
propagates along the first and second electrode 5, 6 of
the transmission line 4 in the direction of the signal
propagation direction 9, as only a small portion of the
electromagnetic field penetrates the tunable layer. How-
ever, each of the overlapping sections 12 affects the
phase of the propagating electromagnetic signal result-
ing in a significant phase shift of up to 2π or more from a
phase shifting device that can be easily integrated into
the phased array antenna 1 of figure 1.
[0041] Afirst biaselectrode15 isconnected to thestrip-
shaped transmission segment 7 of the first electrode 5
and projects in the second direction 27 in the opposite
orientation as the overlapping areas 10 of the first elec-
trode 5. Similarly, a second bias electrode 16 is con-
nected to the strip-shaped transmission segment 8 of
the second electrode 6 and projects in the opposite
direction of the overlapping areas 11 of the second elec-
trode 6. The first and second bias electrodes 15, 16 are
connected to a bias voltage source not shown in figure 2.
The bias voltage source provides for a constant, i.e. DC
voltage or for a low-frequency AC voltage that is applied
to the first and second electrode 5, 6 and creates an
electric field in thespacebetween thefirst electrode5and
the second electrode 6, thereby superimposing the elec-
tromagnetic field of the signal that propagates along the
transmission line 4. The electric field between the over-
lapping areas 10, 11 of the first and second electrode 5, 6
is predominantly perpendicular to the plane of view, i.e.

perpendicular to the parallel plate capacitor areas 13
shown in figure 2 and thus along the first direction 26.
Due to the material and the small width of the first and
second bias electrode 15, 16, the impedance of the first
and second bias electrode 15, 16 is significantly higher
than the impedance of the strip-shaped transmission
segments 7, 8 of the first and second electrode 5, 6which
prevents the propagating electromagnetic signal from
leaking from the first and second electrode 5, 6 into the
first and second bias electrode 15, 16 and away from the
transmission line 4. By choosing a highly resistive bias
electrode material the impedance of the bias electrodes
can be further increased.
[0042] Figures 3 and 4 illustrate two sectional views of
a phase shifting device 17 with a transmission line 4 as
shown in figure 2. Figure 3 is a sectional view of a non-
overlapping section 14 of the transmission line 4,
whereas figure 4 is a sectional view of an overlapping
section 12 of the transmission line 4.
[0043] The first electrode 5 is on top of a first substrate
layer 18 made of glass material. The second electrode 6
is on top of a second substrate layer 19 also made of
glass material. The first and second substrate layers 18,
19 are arranged at a distance to each other along the first
direction 26 with the first electrode 5 facing the second
electrode 6. Between the first and second substrate layer
18, 19 there is a tunable layer 20 that is filled with a liquid
crystal material. The dielectric properties of the liquid
crystal material can be modified by applying different
bias voltages to the first and second electrode 5, 6
resulting in electric fields of different magnitude between
the first and second electrode 5, 6. In the overlapping
section12asshown infigure3, theoverlappingarea10of
the first electrode 5, the corresponding overlapping area
11of thesecondelectrode6and the liquidcrystalmaterial
in between provide for a parallel plate capacitor with a
capacitance that depends on the bias voltage.
[0044] The topological representation of the transmis-
sion line 4 as illustrated in figure 5 is that of a periodically
loaded differential transmission line with the two electro-
des 5, 6 and capacitive loads 21 of the overlapping
sections 12 that alternate with the non-overlapping sec-
tions 14.
[0045] Figure 6 illustrates a schematic top view of an
alternativeembodiment of the transmission line4,where-
by the strip-shaped transmission linesegments7, 8of the
first and second electrode 5, 6 are arranged in a zig-zag
pattern. This allows for longer non-overlapping areas 22
of the respective first andsecondelectrodes5, 6between
the overlapping sections 12 along the transmission line 4
when compared to a straight-line arrangement of the
transmission line segments 7, 8 as shown in Figure 2.
[0046] Figure 7 illustrates a schematic top view along
the first direction 26 of a transmission line 4 of a single
phase shifting device, whereby the strip-shaped trans-
mission line segments 7, 8 exhibit a square-wave mean-
dering pattern. The first electrode is separately shown in
Figure 7a, the second electrode is separately shown in
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Figure 7b, and the overlapping arrangement of both first
and second electrode 5, 6 is shown in Figure 7c.
[0047] Figure 8 illustrates a schematic top view of a
transmission line of a single phase shifting device that is
similar to the embodiment shown in Figure 2. However,
the parallel plate capacitor areas 13 along the transmis-
sion line 4 differ in size and in shape. Furthermore, the
distance between subsequent parallel plate capacitor
areas 13 may also vary along the transmission line 4.
[0048] Figure 9 illustrates a schematic top view of a
transmission line of a single phase shifting device,
whereby the first electrode 5 and the second electrode
6 each consists of a straight-line strip-shaped transmis-
sion line segment 7, 8 that aredirectedalong thedirection
of the transmission line 4 that equals the signal propaga-
tion direction 9. The transmission line segments 7, 8 are
overlapped by several rectangular capacitor electrodes
23 that are oriented along the second direction 27 and
thus perpendicular to the signal propagation direction 9.
The several rectangular capacitor electrodes 23 are ar-
rangedatadistance in thefirst direction26with respect to
the first and secondelectrode 5, 6,which are on the same
level with respect to the first direction 26. A first capacitor
electrode area 24 of each capacitor electrode 23 over-
laps with the corresponding overlapping area 10 of the
first electrode 5, and a second capacitor electrode area
25 of each capacitor electrode 23 overlaps with the
corresponding overlapping area 11 of the second elec-
trode 6. Thus, the first and second capacitor electrode
areas 24, 25 and the corresponding overlapping areas
10, 11of thefirst andsecondelectrode5,6provide for two
separate parallel plate capacitor areas 13 within each
overlapping section 12 of the transmission line 4.
[0049] Figures 10 and 11 illustrate two sectional views
of a phase shifting device 17with a transmission line 4 as
shown in figure 9. Figure 10 is a sectional view of a non-
overlapping section 12 of the transmission line 4,
whereas figure 11 is a sectional view of an overlapping
section 14 of the transmission line 4. Both first and
second electrode 5, 6 are on the same level and on
top of a first substrate layer 18 made of glass material.
The rectangular capacitor electrodes 23 are on top of a
second substrate layer 19 also made of glass material.
The first and second substrate layers 18, 19 are arranged
at adistancealong the first direction26 toeachother,with
the first and second electrode 5, 6 facing the capacitor
electrodes 23. Between the first and second substrate
layer 18, 19 there is a tunable layer 20 that is filled with a
liquid crystal material. The dielectric properties of the
liquid crystal material can be modified by applying differ-
entbiasvoltages to thefirst andsecondelectrode5,6and
to the capacitor electrodes 23, resulting in electric fields
of different magnitude between the first and second
electrode 5, 6 and the respective overlapping areas
24, 25 of the capacitor electrodes 23. In the overlapping
section12asshown infigure3, theoverlappingarea10of
the first electrode 5 and the corresponding overlapping
area 24 of the capacitor electrode 23 as well as the

overlapping area 11 of the second electrode 6 and the
corresponding overlapping area 25 of the capacitor elec-
trode 23 in combination with the liquid crystal material in
between each provide for a parallel plate capacitor area
13 with a capacitance that depends on the bias voltage.
The bias electrode 16 that is connected to all capacitor
electrodes 23 is a strip-shaped linear bias electrode 16
that runs parallel to the fist and second electrode 5, 6, but
on the same level as the capacitor electrodes 23 and
provides for electrical connection of all the capacitor
electrodes 23 with the bias voltage source that is not
shown in the figures.

Claims

1. Radio frequency phase shifting device (17) with a
transmission line (4) comprising a first electrode (5)
and a second electrode (6), and, whereby the trans-
mission line (4) comprises several overlapping sec-
tions (12), wherein an overlapping area (10) perpen-
dicular to a first direction (26) of the first electrode (5)
is overlapped by a capacitor electrode area (11),
whereby the first direction (26) is perpendicular to
a direction of a signal transmission (9) of a radio
frequency electromagnetic signal along the trans-
mission line (4), and wherein an overlapping area
(11) perpendicular the first direction (26) of the sec-
ond electrode (6) is overlapped by a capacitor elec-
trode area (10) in order to provide for a parallel plate
capacitor area (13) within the overlapping section
(12), and whereby the transmission line (4) com-
prises several non-overlapping sections (14),
whereby a tunable dielectric material is configured
to affect a phase shift of the electromagnetic signal
that is propagated along the transmission line (4),
whereby the tunable dielectric material is arranged
between the overlapping area (10) of the first elec-
trode (5) and the overlapping area (11) of the second
electrode (6) that is configured to affect the phase of
an radio frequency electromagnetic signal that pro-
pagates along the overlapping section (12) of the
transmission line (4), whereby the first electrode (5)
and the second electrode (6) are spaced at a dis-
tance in the first direction (26) and in a second
direction (27) to each other, whereby the second
direction (27) is perpendicular to the first direction
(26) and perpendicular to the direction of the signal
transmission (9) along the transmission line (4),
whereby the overlapping area (10) of the first elec-
trode (5) overlaps the overlapping area (11) of the
second electrode (6) in order to provide for one
parallel plate capacitor area (13), and whereby the
first and second electrode (5, 6) are suitable and
configured for propagation of a radio frequency elec-
tromagnetic signal along the first electrode (5) and
the second electrode (6) with a phase difference of
180° between the respective electromagnetic sig-
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nals of the first and second electrode (5, 6), char-
acterized in that the width of the first and second
electrode (5, 6) is smaller than Lambda/10, wherein
the transmission line (4) is configured such that an
electromagnetic signal with characteristic wave-
length Lambda propagates along the transmission
line (4).

2. Radio frequency phase shifting device (17) accord-
ing to claim 1, characterized in that the first elec-
trode (5) is arranged at a first surface of a first
substrate layer (18), in that the second electrode
(6) is arranged at a second surface of a second
substrate layer (19), whereby the first surface of
thefirst substrate layer (18) faces thesecondsurface
of the second substrate layer (19) and whereby the
first surface is arranged at a distance in the first
direction (26) to the second surface.

3. Radio frequency phase shifting device (17) accord-
ing to claim 2, characterized in that the first surface
of the first substrate layer (18) and the second sur-
face of the second substrate layer (19) confine the
tunable dielectric material.

4. Radio frequency phase shifting device (17) with a
transmission line (4) comprising a first electrode (5)
and a second electrode (6) that are spaced at a
distance in a second direction (27) to each other,
whereby a first direction (26) is perpendicular to a
direction of a signal transmission (9) of a radio fre-
quency electromagnetic signal along the transmis-
sion line (4) andwhereby the second direction (27) is
perpendicular to the first direction (26) and perpen-
dicular to the direction of the signal transmission (9)
along the transmission line (4), wherein the first
electrode (5) and the second electrode (6) each
consists of a straight-line strip shaped transmission
line segment directed along the direction of the sig-
nal transmission, whereby the transmission line (4)
comprises several overlapping sections (12), where-
in an overlapping area (10) perpendicular to the first
direction (26) of the first electrode (5) is overlapped
by a capacitor electrode area (24) and wherein an
overlapping area (11) perpendicular the first direc-
tion (26) of the second electrode (6) is overlapped by
a capacitor electrode area (25) in order to provide for
a parallel plate capacitor area (13) within the over-
lapping section (12), and whereby the transmission
line (4) comprises several non-overlapping sections
(14), wherein the first electrode (5) runs at a distance
to the second electrode (6) in the second direction
(27), whereby a tunable dielectric material is config-
ured to affect a phase shift of the electromagnetic
signal that is propagated along the transmission line
(4), whereby the tunable dielectric material is ar-
ranged between the respective capacitor electrode
areas (24, 25) and the overlapping area (10) of the

first electrode (5) and theoverlapping area (11) of the
second electrode (6) that is configured to affect the
phase of a radio frequency electromagnetic signal
that propagatesalong theoverlapping section (12) of
the transmission line (4), wherein the first electrode
(5) and thesecondelectrode (6)arearrangedsideby
side at a distance along the second direction (27) on
a same surface of a first substrate layer, and the
transmission line segment of the first electrode (5)
and the transmission line segment of the second
electrode (6) are overlapped by several rectangular
capacitor electrodes (23), wherein each capacitor
electrode (23) is arranged at a distance in the first
direction (26) to thesurfaceof thefirst substrate layer
with the first electrode (5) and the second electrode
(6) in such a manner that a first capacitor electrode
area (24) of the capacitor electrode (23) overlaps the
overlapping area (10) perpendicular to the first direc-
tion (26) of the first electrode (5) and that a second
capacitor electrode area (25) of the capacitor elec-
trode (23) overlaps the overlapping area (11) per-
pendicular to the first direction (26) of the second
electrode (6), thus providing for two parallel plate
capacitor areas (13) between the capacitor elec-
trode (23) and the respective overlapping areas
(10, 11) within the overlapping section (10)the first
and second electrode (5, 6) are suitable and config-
ured for propagation of a radio frequency electro-
magnetic signal along the first electrode (5) and the
second electrode (6) with a phase difference of 180°
between the respective electromagnetic signals of
the first and second electrode (5, 6), andwherein the
width of the first and second electrode (5, 6) is
smaller than Lambda/10, wherein the transmission
line (4) is configured such that an electromagnetic
signal with characteristic wavelength Lambda pro-
pagates along the transmission line (4), character-
ized in that the capacitor electrodes (23) are or-
iented along the second direction (27) and are thus
perpendicular to the direction of a signal transmis-
sion and a bias electrode (16) is connected to all
capacitor electrodes (23), wherein thebias electrode
(16) is a strip-shaped linear bias electrode (16) that
runs parallel to the first electrode (5) and the second
electrode (6) and is configured to provide for elec-
trical connection of all the capacitor electrodes (23)
with a bias voltage source.

5. Radio frequency phase shifting device (17) accord-
ing to one or more of the preceding claims, wherein
the first electrode (5) and the second electrode (6)
each comprise an unbranched strip-shaped trans-
mission line segment (7, 8), whereby both strip-
shaped transmission line segments (7, 8) are direc-
ted along the transmission line (4).

6. Radio frequency phase shifting device (17) accord-
ing to claim 5 when dependent on claim 1, charac-
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terized in that the strip-shaped transmission seg-
ments (7, 8) comprise non-overlapping sections (14)
arranged at a distance towards each other in the
second direction (27), and that each of the over-
lapping areas (10, 11) of the first electrode (5) and/or
of the second electrode (6) are protruding in the
second direction (27) from the respective strip-
shaped transmission segment (7, 8) of the first elec-
trode (5) and/or of the second electrode (6) such that
the respective overlapping areas (10, 11) of the first
electrode (5) and of the second electrode (6) do
overlap.

7. Radio frequency phase shifting device (17) accord-
ing to one or more of the preceding claims, char-
acterized in that the respective overlapping areas
(10, 11) of the first electrode (5) and the second
electrode (6) provide for a rectangular or a quadratic
parallel plate capacitor area (13), whereby subse-
quent parallel plate capacitor areas (13) along the
transmission line (4) differ in respective distance to
each other along the direction of signal propagation
(9) and/or in size and/or in shape.

8. Radio frequency phase shifting device (17) accord-
ing to one or more of the preceding claims, char-
acterized in that the first electrode (5) and the
second electrode (6) are electrically connected to
at least one bias voltage source.

9. Radio frequency phase shifting device (17) accord-
ing to claim 8 when dependent on claim 1, wherein
the radio frequency phase shifting device further
comprises a first bias electrode and a second bias
electrode,characterized in that thewidthof first and
second bias electrodes (15, 16) is smaller than the
width of the first and second electrode (5, 6) in the
second direction (27), whereby the first electrode is
connected to the first bias electrode which is con-
nected to the bias voltage source, and that the sec-
ond electrode is connected to the second bias elec-
trode which is connected to the bias voltage source.

10. Radio frequency phase shifting device (17) accord-
ing to one or more of the preceding claims, char-
acterized in that the width of the first and second
electrode (5, 6) in the second direction (27) is be-
tween 100 µm and 500 µm, preferably approx. 200
µm.

11. Method for operating the radio frequency phase
shifting device (17) according to one or more pre-
ceding claims 1 to 10, whereby a radio frequency
signal is fed at a signal entry point into the first
electrode (5) and the second electrode (6) of the
transmission line (4), whereby the radio frequency
signal is transmitted along the transmission line (4),
and whereby the radio frequency signal exits the

transmission line (4) a distance along the transmis-
sion line (4) with respect to the signal entry point,
wherein the radio frequency signal is transformed
into a differential mode signal with equal amplitude
and opposite polarity that is transmitted along the
first electrode (5) and the second electrode (6) re-
spectively, whereby a quasi-transverse electromag-
netic mode signal transmission occurs, resulting in a
use of the transmission line (4) as differential pair
transmission line for signal transmission of the radio
frequency signal along the transmission line (4).

12. Method for operating the radio frequency phase
shifting device (17) according to claim 11, whereby
a phase shift of the radio device signal that is trans-
mitted along the transmission line (4) in a differential
pair transmission mode is controlled by controlling a
direct current bias voltage that is applied to the first
and second electrode (5, 6) of the transmission line
(4).

13. Phased array antenna (1) comprising several anten-
na elements (2) that are arranged at a surface of an
antenna substrate layer, a signal feed network from
or to which a radio frequency signal is transmitted to
or from the several antenna elements (2), and for
each antenna element (2) a corresponding phase
shifting device (17) according to one or more of the
preceding claims 1 to 10, whereby a radio frequency
signal is transmitted inadifferential pair transmission
mode along a transmission line (4) within the phase
shifting device (17), and whereby the phase of each
radio frequency signal that is transmitted from the
single signal feed point (3) to the respective antenna
element (2) or that is transmitted from the respective
antennaelement (2) to the single signal feedpoint (3)
is modified in order to adjust the superposition of
each radio frequency signal according to the pre-
ferred direction of radiation of the phased array
antenna (1).

14. Phased array antenna (1) according to claim 13
when dependent on claim 2, characterized in that
the phased array antenna (1) comprises on top of
each other a base layer, the first substrate layer (18)
with the first electrode (5), a tunable layer (20), the
second substrate layer (19) with the second elec-
trode (6) and an antenna layer with a radiating an-
tenna structure for each of the antenna elements (2).

15. Phased array antenna (1) according to claim 13
when dependent on claim 4, characterized in that
the phased array antenna (1) comprises on top of
each other a base layer, the first substrate layer (18)
with the first electrode (5) and with the second elec-
trode (6), a tunable layer (20), the second substrate
layer (19) with a capacitor electrode (23) and an
antenna layer with a radiating antenna structure
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for each of the antenna elements (2).

16. Phased array antenna (1) according to claim 14 or
15, characterized in that the first substrate layer
(18) and the secondsubstrate layer (19) consists of a
glass material, and that the tunable layer (20) com-
prises a liquid crystal material with tunable dielectric
properties.

Patentansprüche

1. Hochfrequenzphasenverschiebungsvorrichtung
(17) mit einer Übertragungsleitung (4), umfassend
eine erste Elektrode (5) und eine zweite Elektrode
(6), und wobei die Übertragungsleitung (4) mehrere
überlappende Abschnitte (12) umfasst, wobei ein
Überlappungsbereich (10) senkrecht zu einer ersten
Richtung (26) der ersten Elektrode (5) von einem
Kondensatorelektrodenbereich (11) überlappt wird,
wobei die erste Richtung (26) senkrecht zu einer
Richtung einer Signalübertragung (9) eines hoch-
frequenten elektromagnetischen Signals entlang
der Übertragungsleitung (4) ist, und wobei ein Über-
lappungsbereich (11) senkrecht zur ersten Richtung
(26) der zweiten Elektrode (6) von einem Konden-
satorelektrodenbereich (10) überlappt wird, um ei-
nen Parallelplattenkondensatorbereich (13) inner-
halb des überlappenden Abschnitts bereitzustellen
(12), undwobei dieÜbertragungsleitung (4)mehrere
nicht überlappende Abschnitte (14) umfasst, wobei
ein abstimmbares dielektrisches Material so konfi-
guriert ist, dass es eine Phasenverschiebung des
elektromagnetischen Signals beeinflusst, das sich
entlang der Übertragungsleitung (4) ausbreitet, wo-
bei das abstimmbare dielektrische Material zwi-
schen dem Überlappungsbereich (10) der ersten
Elektrode (5) und dem Überlappungsbereich (11)
der zweiten Elektrode (6) angeordnet ist, die so
konfiguriert ist, dass sie die Phase eines hochfre-
quenten elektromagnetischen Signals beeinflusst,
das sich entlang des überlappenden Abschnitts
(12) der Übertragungsleitung (4) ausbreitet, wobei
die ersteElektrode (5) unddie zweiteElektrode (6) in
einer Distanz in einer ersten Richtung (26) und in
einer zweitenRichtung (27) zueinanderbeabstandet
sind, wobei die zweite Richtung (27) senkrecht zur
erstenRichtung (26) und senkrecht zur Richtung der
Signalübertragung (9) entlang der Übertragungslei-
tung (4) steht, wobei der Überlappungsbereich (10)
der ersten Elektrode (5) den Überlappungsbereich
(11) der zweiten Elektrode (6) überlappt, um einen
Parallelplattenkondensatorbereich (13) bereitzu-
stellen, undwobei die erste und die zweite Elektrode
(5, 6) für die Ausbreitung eines hochfrequenten
elektromagnetischen Signals entlang der ersten
Elektrode (5) und der zweiten Elektrode (6) mit einer
Phasendifferenz von 180 ° zwischen den jeweiligen

elektromagnetischen Signalen der ersten und zwei-
ten Elektrode (5, 6) geeignet und konfiguriert sind,
dadurch gekennzeichnet, dass die Breite der ers-
ten und zweiten Elektrode (5, 6) kleiner ist als Lamb-
da/10,wobei dieÜbertragungsleitung (4) derart kon-
figuriert ist, dass sich ein elektromagnetisches Sig-
nal mit der charakteristischen Wellenlänge Lambda
entlang der Übertragungsleitung (4) ausbreitet.

2. Hochfrequenzphasenverschiebungsvorrichtung
(17) nach Anspruch 1, dadurch gekennzeichnet,
dass die erste Elektrode (5) an einer ersten Ober-
fläche einer ersten Substratschicht (18) angeordnet
ist, dass die zweite Elektrode (6) an einer zweiten
Oberfläche einer zweiten Substratschicht (19) an-
geordnet ist, wobei die erste Oberfläche der ersten
Substratschicht (18) der zweiten Oberfläche der
zweiten Substratschicht (19) gegenüberliegt und
wobei die erste Oberfläche in einer Distanz in der
ersten Richtung (26) zur zweiten Oberfläche ange-
ordnet ist.

3. Hochfrequenzphasenverschiebungsvorrichtung
(17) nach Anspruch 2, dadurch gekennzeichnet,
dass die erste Oberfläche der ersten Substrat-
schicht (18) und die zweite Oberfläche der zweiten
Substratschicht (19) das abstimmbare dielektrische
Material begrenzen.

4. Hochfrequenzphasenverschiebungsvorrichtung
(17) mit einer Übertragungsleitung (4), umfassend
eine erste Elektrode (5) und eine zweite Elektrode
(6), die in einer zweiten Richtung (27) in einer Dis-
tanz voneinander beabstandet sind, wobei eine ers-
te Richtung (26) senkrecht zu einer Richtung einer
Signalübertragung (9) eines hochfrequenten elekt-
romagnetischen Signals entlang der Übertragungs-
leitung (4) steht und wobei die zweite Richtung (27)
senkrecht zur ersten Richtung (26) und senkrecht
zur Richtung der Signalübertragung (9) entlang der
Übertragungsleitung (4) ist, wobei die erste Elekt-
rode (5) und die zweite Elektrode (6) jeweils aus
einem geradlinigen streifenförmigen Übertragungs-
leitungsabschnitt bestehen, der entlang der Rich-
tung der Signalübertragung ausgerichtet ist, wobei
die Übertragungsleitung (4) mehrere überlappende
Abschnitte (12) umfasst, wobei ein Überlappungs-
bereich (10) senkrecht zur ersten Richtung (26) der
ersten Elektrode (5) von einemKondensatorelektro-
denbereich (24) überlappt ist und wobei ein Über-
lappungsbereich (11) senkrecht zur ersten Richtung
(26) der zweiten Elektrode (6) von einem Konden-
satorelektrodenbereich (25) überlappt ist, um einen
Parallelplattenkondensatorbereich (13) innerhalb
des überlappenden Abschnitts (12) bereitzustellen,
und wobei die Übertragungsleitung (4) mehrere
nicht überlappende Abschnitte (14) umfasst, wobei
die erste Elektrode (5) in einer Distanz zur zweiten
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Elektrode (6) in der zweiten Richtung (27) verläuft,
wobei ein abstimmbares dielektrisches Material so
konfiguriert ist, dass es eine Phasenverschiebung
des elektromagnetischen Signals beeinflusst, das
sich entlang der Übertragungsleitung (4) ausbreitet,
wobei das abstimmbare dielektrische Material zwi-
schen den jeweiligen Kondensatorelektrodenberei-
chen (24, 25) und dem Überlappungsbereich (10)
der ersten Elektrode (5) und dem Überlappungsbe-
reich (11) der zweiten Elektrode (6) angeordnet ist,
das so konfiguriert ist, dass es die Phase eines
elektromagnetischen hochfrequenten Signals be-
einflusst, das sich entlang des überlappenden Ab-
schnitts (12) der Übertragungsleitung (4) ausbreitet,
wobei die erste Elektrode (5) und die zweite Elekt-
rode (6) nebeneinander in einer Distanz entlang der
zweiten Richtung (27) auf einer gleichenOberfläche
einer ersten Substratschicht angeordnet sind und
der Übertragungsleitungsabschnitt der ersten Elekt-
rode (5) und der Übertragungsleitungsabschnitt der
zweiten Elektrode (6) von mehreren rechteckigen
Kondensatorelektroden (23) überlappt sind, wobei
jede Kondensatorelektrode (23) in einer Distanz in
der ersten Richtung (26) zur Oberfläche der ersten
Substratschicht mit der ersten Elektrode (5) ange-
ordnet ist und die zweite Elektrode (6) derart, dass
ein erster Kondensatorelektrodenbereich (24) der
Kondensatorelektrode (23) den Überlappungsbe-
reich (10) senkrecht zur ersten Richtung (26) der
ersten Elektrode (5) überlappt und dass ein zweiter
Kondensatorelektrodenbereich (25) der Kondensa-
torelektrode (23) den Überlappungsbereich (11)
senkrecht zur ersten Richtung (26) der zweiten
Elektrode (6) überlappt, wodurch zwei Parallelplat-
tenkondensatorbereiche (13) zwischen der Konden-
satorelektrode (23) und den jeweiligen Überlap-
pungsbereichen (10, 11) innerhalb des Überlap-
pungsabschnitts (10) bereitgestellt sind, und die
erste und die zweite Elektrode (5, 6) geeignet und
so konfiguriert sind, dass sie ein elektromagneti-
sches hochfrequentes Signal entlang der ersten
Elektrode (5) und der zweiten Elektrode (6) mit einer
Phasendifferenz von 180 ° zwischen den jeweiligen
elektromagnetischen Signalen der ersten und zwei-
ten Elektrode (5, 6) ausbreiten, und wobei die Breite
der ersten und zweiten Elektrode (5, 6) kleiner ist als
Lambda/10, wobei die Übertragungsleitung (4) der-
art konfiguriert ist, dass sich ein elektromagneti-
schesSignalmit demMerkmalWellenlängeLambda
entlang der Übertragungsleitung (4) ausbreitet, da-
durch gekennzeichnet, dass die Kondensatore-
lektroden (23) entlang der zweiten Richtung (27)
ausgerichtet sind und somit senkrecht zur Richtung
einer Signalübertragung stehen und eine Vorspan-
nungselektrode (16) mit allen Kondensatorelektro-
den (23) verbunden ist, wobei die Vorspannungs-
elektrode (16) eine streifenförmige lineare Vorspan-
nungselektrode (16) ist, die parallel zur ersten Elekt-

rode (5) und zur zweiten Elektrode (6) verläuft und
dazu konfiguriert ist, alle Kondensatorelektroden
(23)mit einer Vorspannungsquelle elektrisch zu ver-
binden.

5. Hochfrequenzphasenverschiebungsvorrichtung
(17) nach einem oder mehreren der vorhergehen-
denAnsprüche,wobei dieersteElektrode (5)unddie
zweite Elektrode (6) jeweils einen unverzweigten
streifenförmigen Übertragungsleitungsabschnitt (7,
8) umfassen, wobei beide streifenförmigen Übertra-
gungsleitungsabschnitte (7, 8) entlang der Übertra-
gungsleitung (4) gerichtet sind.

6. Hochfrequenzphasenverschiebungsvorrichtung
(17) nach Anspruch 5, abhängig von Anspruch 1,
dadurch gekennzeichnet, dass die streifenförmi-
genÜbertragungssegmente (7, 8) in einer Distanz in
der zweiten Richtung (27) zueinander angeordnete,
nicht überlappende Abschnitte (14) umfassen, und
dass jeder der Überlappungsbereiche (10, 11) der
ersten Elektrode (5) und/oder der zweiten Elektrode
(6) in der zweiten Richtung (27) aus dem jeweiligen
streifenförmigen Übertragungssegment (7, 8) der
ersten Elektrode (5) und/oder der zweiten Elektrode
(6) derart vorstehen, dass sich die jeweiligen Über-
lappungsbereiche (10, 11) der ersten Elektrode (5)
und der zweiten Elektrode (6) überlappen.

7. Hochfrequenzphasenverschiebungsvorrichtung
(17) nach einem oder mehreren der vorhergehen-
den Ansprüche, dadurch gekennzeichnet, dass
die jeweiligen Überlappungsbereiche (10, 11) der
ersten Elektrode (5) und der zweiten Elektrode (6)
einen rechteckigen oder einen quadratischen Paral-
lelplattenkondensatorbereich (13) bereitstellen, wo-
bei sich aufeinanderfolgende Parallelplattenkon-
densatorbereiche (13) entlang der Übertragungslei-
tung (4) in der jeweiligenDistanz zueinander entlang
der Signalausbreitungsrichtung (9) und/oder in der
Größe und/oder im Verlauf unterscheiden.

8. Hochfrequenzphasenverschiebungsvorrichtung
(17) nach einem oder mehreren der vorhergehen-
den Ansprüche, dadurch gekennzeichnet, dass
die erste Elektrode (5) und die zweite Elektrode
(6) elektrisch mit mindestens einer Vorspannungs-
quelle verbunden sind.

9. Hochfrequenzphasenverschiebungsvorrichtung
(17) nachAnspruch 8,wenn abhängig vonAnspruch
1, wobei die Hochfrequenzphasenverschiebungs-
vorrichtung ferner eine erste Vorspannungselektro-
deundeinezweiteVorspannungselektrodeumfasst,
dadurch gekennzeichnet, dass die Breite der ers-
ten und zweiten Vorspannungselektroden (15, 16)
kleiner ist als die Breite der ersten und zweiten
Elektrode (5, 6) in der zweiten Richtung (27), wo-
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durch die erste Elektrode mit der ersten Vorspan-
nungselektrode verbunden ist, die mit der Vorspan-
nungsquelle verbunden ist, und dass die zweite
Elektrode mit der zweiten Vorspannungselektrode
verbunden ist, die mit der Vorspannungsquelle ver-
bunden ist.

10. Hochfrequenzphasenverschiebungsvorrichtung
(17) nach einem oder mehreren der vorhergehen-
den Ansprüche, dadurch gekennzeichnet, dass
die Breite der ersten und zweiten Elektrode (5, 6)
in der zweiten Richtung (27) zwischen 100 µm und
500 µm, vorzugsweise ca. 200 µm, beträgt.

11. Verfahren zumBetreiben der Hochfrequenzphasen-
verschiebungsvorrichtung (17) nach einem oder
mehreren vorhergehenden Ansprüchen 1 bis 10,
wobei ein Hochfrequenzsignal an einem Signaleint-
rittspunkt in die erste Elektrode (5) und die zweite
Elektrode (6) der Übertragungsleitung (4) zugeführt
wird, wobei das Hochfrequenzsignal entlang der
Übertragungsleitung (4) übertragen wird, und wobei
das Hochfrequenzsignal die Übertragungsleitung
(4) in einer Distanz entlang der Übertragungsleitung
(4) in Bezug auf den Signaleintrittspunkt verlässt,
wobei das Hochfrequenzsignal in ein Differenzmo-
dussignal mit gleicher Amplitude und entgegenge-
setzter Polarität umgewandelt wird, das entlang der
ersten Elektrode (5) und der zweiten Elektrode (6)
übertragen wird, wobei eine quasi-transversale
elektromagnetische Modussignalübertragung statt-
findet, was zu einer Verwendung der Übertragungs-
leitung (4)alsDifferenzpaar-Übertragungsleitung für
die Signalübertragung des Hochfrequenzsignals
entlang der Übertragungsleitung (4) führt.

12. Verfahren zumBetreiben der Hochfrequenzphasen-
verschiebungsvorrichtung (17) nach Anspruch 11,
wobei eine Phasenverschiebung des Hochfre-
quenzsignals, das in einem Differenzpaar-Übertra-
gungsmodus entlang der Übertragungsleitung (4)
übertragen wird, durch Steuern einer Gleichstrom-
Vorspannung gesteuert wird, die an die erste und
zweite Elektrode (5, 6) der Übertragungsleitung (4)
angelegt wird.

13. Phasengesteuerte Array-Antenne (1), umfassend
mehrere Antennenelemente (2), die an einer Ober-
fläche einer Antennensubstratschicht angeordnet
sind, ein Signalzuführungsnetzwerk, von dem oder
zu demeinHochfrequenzsignal zu denoder von den
mehreren Antennenelementen (2) übertragen wird,
und für jedes Antennenelement (2) eine entspre-
chende Phasenverschiebungsvorrichtung (17) ge-
mäß einem oder mehreren der vorhergehenden An-
sprüche 1 bis 10, wobei ein Hochfrequenzsignal in
einem differentiellen Paarübertragungsmodus ent-
lang einer Übertragungsleitung (4) innerhalb der

Phasenverschiebungsvorrichtung (17) übertragen
wird, und wobei die Phase jedes Hochfrequenzsig-
nals, das vondemeinzelnenSignalzuführungspunkt
(3) zu dem jeweiligen Antennenelement (2) über-
tragen wird oder das von dem jeweiligen Antennen-
element (2) zu dem einzelnen Signalzuführungs-
punkt (3) übertragen wird, modifiziert wird, um die
Überlagerung jedes Hochfrequenzsignals gemäß
der bevorzugten Abstrahlrichtung der phasenge-
steuerten Array-Antenne (1) einzustellen.

14. Phasengesteuerte Array-Antenne (1) nach An-
spruch13,wennabhängigvonAnspruch2,dadurch
gekennzeichnet, dass die phasengesteuerte Ar-
ray-Antenne (1) - jewerils übereinander - eine Basis-
schicht, die erste Substratschicht (18) mit der ersten
Elektrode (5), eine abstimmbare Schicht (20), die
zweite Substratschicht (19) mit der zweiten Elekt-
rode (6) und eine Antennenschicht mit einer strah-
lenden Antennenstruktur für jedes der Antennenele-
mente (2) umfasst.

15. Phasengesteuerte Array-Antenne (1) nach An-
spruch13,wennabhängigvonAnspruch4,dadurch
gekennzeichnet, dass die phasengesteuerte Ar-
ray-Antenne (1) - jeweils übereinander - eine Basis-
schicht, die erste Substratschicht (18) mit der ersten
Elektrode (5), undmit der zweitenElektrode (6), eine
abstimmbare Schicht (20), die zweite Substrat-
schicht (19) mit einer Kondensatorelektrode (23)
und eine Antennenschicht mit einer strahlenden An-
tennenstruktur für jedes der Antennenelemente (2)
umfasst.

16. Phasengesteuerte Array-Antenne (1) nach An-
spruch 14 oder 15,dadurch gekennzeichnet, dass
die erste Substratschicht (18) und die zweite Sub-
stratschicht (19) aus einem Glasmaterial bestehen
und dass die abstimmbare Schicht (20) ein Flüssig-
kristallmaterial mit abstimmbaren dielektrischen Ei-
genschaften umfasst.

Revendications

1. Déphaseur de fréquence radio (17) avec une ligne
de transmission (4) comprenant une première élec-
trode (5) et une seconde électrode (6), etmoyennant
quoi la ligne de transmission (4) comprend plusieurs
sections de chevauchement (12), dans lequel une
zone de chevauchement (10) perpendiculaire à une
première direction (26) de la première électrode (5)
est chevauchée par une zone d’électrode de
condensateur (11), moyennant quoi la première di-
rection (26) est perpendiculaire à unedirection d’une
transmission de signal (9) d’un signal électromagné-
tique radiofréquence le long de la ligne de transmis-
sion (4), et dans lequel une zone de chevauchement
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(11) perpendiculaire à la premièredirection (26) de la
seconde électrode (6) est chevauchée par une zone
d’électrode de condensateur (10) afin de fournir une
zone de condensateur à plaques parallèles (13)
dans la section de chevauchement (12), et moyen-
nant quoi la ligne de transmission (4) comprend
plusieurs sections non chevauchantes (14), moyen-
nant quoi un matériau diélectrique accordable est
configuré pour affecter un déphasagedu signal élec-
tromagnétique qui se propage le long de la ligne de
transmission (4),moyennant quoi lematériau diélec-
trique accordable est agencé entre la zone de che-
vauchement (10) de la première électrode (5) et la
zone de chevauchement (11) de la seconde élec-
trode (6) lequel est configuré pour affecter la phase
d’unsignal électromagnétique radiofréquencequi se
propage le longde la sectiondechevauchement (12)
de la ligne de transmission (4), moyennant quoi la
première électrode (5) et la seconde électrode (6)
sont espacées l’une de l’autre d’une certaine dis-
tance dans la première direction (26) et dans une
seconde direction (27), moyennant quoi la seconde
direction (27) est perpendiculaire à la première di-
rection (26) et perpendiculaire à la direction de la
transmission de signal (9) le long de la ligne de
transmission (4), moyennant quoi la zone de che-
vauchement (10) de la première électrode (5) che-
vauche la zone de chevauchement (11) de la se-
conde électrode (6) afin de fournir une zone de
condensateur à plaques parallèles (13), et moyen-
nant quoi les première et seconde électrodes (5, 6)
sont adaptées et configurées pour la propagation
d’un signal électromagnétique radiofréquence le
long de la première électrode (5) et de la seconde
électrode (6) avec une différence de phase de 180°
entre les signaux électromagnétiques respectifs de
la première et de la seconde électrode (5, 6), carac-
térisé en ce que la largeur de la première et de la
seconde électrode (5, 6) est inférieure à Lambda/10,
dans lequel la ligne de transmission (4) est configu-
rée de sorte qu’un signal électromagnétique ayant
une longueur d’onde caractéristique Lambda se pro-
page le long de la ligne de transmission (4).

2. Déphaseur de fréquence radio (17) selon la reven-
dication 1, caractérisé en ce que la première élec-
trode (5) est agencée sur une première surface
d’une première couche de substrat (18), en ce
que la seconde électrode (6) est agencée sur une
seconde surface d’une seconde couche de substrat
(19), moyennant quoi la première surface de la pre-
mière couche de substrat (18) fait face à la seconde
surface de la seconde couche de substrat (19) et
moyennant quoi la première surface est agencée à
une certaine distancedans la premièredirection (26)
par rapport à la seconde surface.

3. Déphaseur de fréquence radio (17) selon la reven-

dication 2, caractérisé en ce que la première sur-
face de la première couche de substrat (18) et la
seconde surface de la seconde couche de substrat
(19) confinent le matériau diélectrique accordable.

4. Déphaseur de fréquence radio (17) avec une ligne
de transmission (4) comprenant une première élec-
trode (5) et une seconde électrode (6) qui sont
espacées l’une de l’autre d’une certaine dans une
seconde direction (27), moyennant quoi une pre-
mière direction (26) est perpendiculaire à une direc-
tion d’une transmission de signal (9) d’un signal
électromagnétique radiofréquence le longde la ligne
de transmission (4) et moyennant quoi la seconde
direction (27) est perpendiculaire à la première di-
rection (26) et perpendiculaire à la direction de la
transmission de signal (9) le long de la ligne de
transmission (4), dans lequel la première électrode
(5) et la seconde électrode (6) sont chacune consti-
tuées d’un segment de ligne de transmission en
forme de bande droite, dirigé le long de la direction
de la transmission de signal,moyennant quoi la ligne
de transmission (4) comprend plusieurs sections de
chevauchement (12), dans lequel une zone de che-
vauchement (10) perpendiculaire à la première di-
rection (26) de la première électrode (5) est chevau-
chée par une zone d’électrode de condensateur (24)
et dans lequel une zone de chevauchement (11)
perpendiculaire à la première direction (26) de la
seconde électrode (6) est chevauchée par une zone
d’électrode de condensateur (25) afin de fournir une
zone de condensateur à plaques parallèles (13)
dans la section de chevauchement (12), et moyen-
nant quoi la ligne de transmission (4) comprend
plusieurs sections non chevauchantes (14), dans
lequel la première électrode (5) se trouve à une
certaine distance par rapport à la seconde électrode
(6) dans la seconde direction (27), moyennant quoi
un matériau diélectrique accordable est configuré
pour affecter un déphasage du signal électromagné-
tique qui se propage le long de la ligne de transmis-
sion (4), moyennant quoi le matériau diélectrique
accordable est agencé entre les zones d’électrode
de condensateur (24, 25) respectives et la zone de
chevauchement (10) de la première électrode (5) et
la zone de chevauchement (11) de la seconde élec-
trode (6) lequel est configuré pour affecter la phase
d’unsignal électromagnétique radiofréquencequi se
propage le longde la sectiondechevauchement (12)
de la ligne de transmission (4), dans lequel la pre-
mière électrode (5) et la seconde électrode (6) sont
agencées côte à côte à une certaine distance le long
de la seconde direction (27) sur une même surface
d’une première couche de substrat, et le segment de
ligne de transmission de la première électrode (5) et
le segment de ligne de transmission de la seconde
électrode (6) sont chevauchés par plusieurs électro-
des de condensateur rectangulaires (23), dans le-
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quel chaque électrode de condensateur (23) est
agencée à une certaine distance, dans la première
direction (26), par rapport à la surface de la première
couche de substrat avec la première électrode (5) et
la seconde électrode (6) de sorte qu’une première
zone d’électrode de condensateur (24) de l’élec-
trode de condensateur (23) chevauche la zone de
chevauchement (10) perpendiculaire à la première
direction (26) de la première électrode (5) et qu’une
seconde zone d’électrode de condensateur (25) de
l’électrode de condensateur (23) chevauche la zone
de chevauchement (11) perpendiculaire à la pre-
mière direction (26) de la seconde électrode (6),
fournissant ainsi deux zones de condensateur à
plaques parallèles (13) entre l’électrode de conden-
sateur (23) et les zones de chevauchement (10, 11)
respectives dans la section de chevauchement (10),
les première et seconde électrodes (5, 6) sont adap-
tées et configurées pour la propagation d’un signal
électromagnétique radiofréquence le long de la pre-
mière électrode (5) et de la seconde électrode (6)
avec une différence de phase de 180° entre les
signaux électromagnétiques respectifs de la pre-
mière et de la seconde électrode (5, 6), et dans
lequel la largeur de la première et de la seconde
électrode (5, 6) est inférieure à Lambda/10, dans
lequel la ligne de transmission (4) est configurée de
sorte qu’un signal électromagnétique avec une lon-
gueur d’onde caractéristique Lambda se propage le
long de la ligne de transmission (4), caractérisé en
ce que les électrodes de condensateur (23) sont
orientées le long de la seconde direction (27) et sont
ainsi perpendiculaires à la direction d’une transmis-
sion de signal et une électrode de polarisation (16)
est connectée à toutes les électrodes de condensa-
teur (23), dans lequel l’électrode de polarisation (16)
est uneélectrodedepolarisation linéaire en formede
bande (16) qui est parallèle à la première électrode
(5) et à la seconde électrode (6) et est configurée
pour assurer la connexion électrique de toutes les
électrodesdecondensateur (23) avecunesourcede
tension de polarisation.

5. Déphaseur de fréquence radio (17) selon une ou
plusieurs des revendications précédentes, dans le-
quel la première électrode (5) et la seconde élec-
trode (6) comprennent chacune un segment de ligne
de transmission en forme de bande (7, 8) non rami-
fié, moyennant quoi les deux segments de ligne de
transmission en forme de bande (7, 8) sont dirigés le
long de la ligne de transmission (4).

6. Déphaseur de fréquence radio (17) selon la reven-
dication 5 lorsqu’elle dépend de la revendication 1,
caractérisé en ce que les segments de transmis-
sion en forme de bande (7, 8) comprennent des
sections non chevauchantes (14) agencées à une
certaine distance les unes des autres dans la se-

conde direction (27), et en ce que chacune des
zones de chevauchement (10, 11) de la première
électrode (5) et/ou de la seconde électrode (6) fait
saillie dans la seconde direction (27) du segment de
transmission en forme de bande (7, 8) respectif de la
première électrode (5) et/ou de la seconde électrode
(6) de sorte que les zones de chevauchement (10,
11) respectives de la première électrode (5) et de la
seconde électrode (6) se chevauchent.

7. Déphaseur de fréquence radio (17) selon une ou
plusieurs des revendications précédentes, caracté-
risé en ceque les zones de chevauchement (10, 11)
respectives de la première électrode (5) et de la
seconde électrode (6) fournissent une zone de
condensateur à plaques parallèles (13) rectangulai-
res ou quadratiques, moyennant quoi les zones de
condensateur à plaques parallèles (13) suivantes le
long de la ligne de transmission (4) diffèrent par leur
distance respective les unes par rapport aux autres
le long de la direction de propagation de signal (9)
et/ou par leur taille et/ou par leur forme.

8. Déphaseur de fréquence radio (17) selon une ou
plusieurs des revendications précédentes, caracté-
risé en ce que la première électrode (5) et la se-
conde électrode (6) sont connectées électriquement
à au moins une source de tension de polarisation.

9. Déphaseur de fréquence radio (17) selon la reven-
dication 8 lorsqu’elle dépend de la revendication 1,
dans lequel le déphaseur de fréquence radio
comprend également une première électrode de
polarisation et une seconde électrode de polarisa-
tion, caractérisé en ce que la largeur des première
et seconde électrodes de polarisation (15, 16) est
inférieure à la largeur des première et seconde élec-
trodes (5, 6) dans la seconde direction (27), moyen-
nant quoi la première électrode est connectée à la
première électrodedepolarisation qui est connectée
à la source de tension de polarisation, et la seconde
électrode est connectée à la seconde électrode de
polarisation qui est connectée à la source de tension
de polarisation.

10. Déphaseur de fréquence radio (17) selon une ou
plusieurs des revendications précédentes, caracté-
risé en ce que la largeur de la première et de la
seconde électrode (5, 6) dans la seconde direction
(27) est comprise entre 100 µm et 500 µm, de
préférence d’environ 200 µm.

11. Procédé de fonctionnement du déphaseur de fré-
quence radio (17) selon une ou plusieurs des reven-
dications précédentes 1 à 10, moyennant quoi un
signal radiofréquence est introduit à un point d’en-
trée de signal dans la première électrode (5) et la
secondeélectrode (6)de la lignede transmission (4),
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moyennant quoi le signal radiofréquence est trans-
mis le long de la ligne de transmission (4), et moyen-
nant quoi le signal radiofréquence sort de la ligne de
transmission (4) à une certaine distance le long de la
ligne de transmission (4) par rapport au point d’en-
trée de signal, dans lequel le signal radiofréquence
est transformé en un signal de mode différentiel
d’amplitude égale et de polarité opposée qui est
transmis le long de la première électrode (5) et de
la seconde électrode (6) respectivement, moyen-
nant quoi une transmission de signal de mode élec-
tromagnétique quasi-transversal se produit, ce qui
conduit à une utilisation de la ligne de transmission
(4) comme lignede transmissionàpairedifférentielle
pour la transmission de signal du signal radiofré-
quence le long de la ligne de transmission (4).

12. Procédé de fonctionnement du déphaseur de fré-
quence radio (17) selon la revendication 11, moyen-
nant quoi un déphasage du signal de dispositif radio
qui est transmis le longde la lignede transmission (4)
dans un mode de transmission par paire différen-
tielle est commandé en commandant une tension de
polarisation en courant continu qui est appliquée à la
première et à la seconde électrode (5, 6) de la ligne
de transmission (4).

13. Antenne réseau à commande de phase (1) compre-
nant plusieurs éléments d’antenne (2) qui sont agen-
cés sur une surface d’une couche de substrat d’an-
tenne, un réseau d’alimentation de signal à partir
duquel ou vers lequel un signal radiofréquence est
transmis vers ou depuis les plusieurs éléments d’an-
tenne (2), et pour chaque élément d’antenne (2) un
déphaseur (17) correspondant selon une ou plu-
sieurs des revendications précédentes 1 à 10,
moyennant quoi un signal radiofréquence est trans-
mis dans un mode de transmission par paire diffé-
rentielle le long d’une ligne de transmission (4) dans
le déphaseur (17), et moyennant quoi la phase de
chaque signal radiofréquence qui est transmis du
point d’alimentation de signal unique (3) à l’élément
d’antenne (2) respectif ou qui est transmis de l’élé-
ment d’antenne (2) respectif au point d’alimentation
de signal unique (3) est modifiée afin d’ajuster la
superposition de chaque signal radiofréquence en
fonction de la direction de rayonnement préférée de
l’antenne réseau à commande de phase (1).

14. Antenne réseau à commande de phase (1) selon la
revendication 13 lorsqu’elle dépend de la revendica-
tion 2, caractérisée en ce que l’antenne réseau à
commande de phase (1) comprend, superposées
les unes aux autres, une couche de base, la pre-
mière couche de substrat (18) avec la première
électrode (5), une couche accordable (20), la se-
conde couche de substrat (19) avec la seconde
électrode (6) et une couche d’antenne avec une

structure d’antenne rayonnante pour chacun des
éléments d’antenne (2).

15. Antenne réseau à commande de phase (1) selon la
revendication 13 lorsqu’elle dépend de la revendica-
tion 4, caractérisée en ce que l’antenne réseau à
commande de phase (1) comprend, superposées
les unes aux autres, une couche de base, la pre-
mière couche de substrat (18) avec la première
électrode (5) et avec la seconde électrode (6), une
couche accordable (20), la seconde couche de sub-
strat (19) avec une électrode de condensateur (23)
et une couche d’antenne avec une structure d’an-
tenne rayonnante pour chacun des éléments d’an-
tenne (2).

16. Antenne réseau à commande de phase (1) selon la
revendication 14 ou 15, caractérisée en ce que la
première couche de substrat (18) et la seconde
couche de substrat (19) sont constituées d’un ma-
tériau en verre, et en ce que la couche accordable
(20) comprend un matériau à cristaux liquides avec
des propriétés diélectriques accordables.
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