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Description
Field of the invention

[0001] The presentinventionrelates todevicesforhan-
dling microwave signals and, more particularly, to an im-
proved waveguide-based phase shifter electronically
controlled.

Background of the invention

[0002] Nowadays microwave phase shifters are es-
sential components in advanced communication sys-
tems such as Satellite-On-The-Move systems and
phased arrays antennas

[0003] In the field of the advanced communications, it
is common to employ techniques to perform the task of
continuously adapting the polarization of the signal ac-
cording to the requirements of the satellite or base station
involved in the datalink. By means of the combination of
two independent and linearly polarized microwave sig-
nals, itis possible to coherently tilt the plane in which the
resulting electric field is confined. It is then mandatory to
perfectly control the relative amplitude and phase of both
components to obtain as a result, an antenna of variable
linear polarization.

[0004] There exist other alternatives available in the
market as the electronically controlled Vane Phase Shift-
er, from Cernexwave. The working principle of this kind
device isamovable dielectriclayer thatinvades the inside
of the waveguide and alters the propagation character-
istics of the travelling mode. However, the phase versus
frequency response of the dielectric vane is not constant
for all the insertion distances. If the dielectric vane is to-
tally removed from the waveguide, the phase versus fre-
quency characteristic is exactly the inherent value of the
waveguide itself. Once the dielectric is inserted into the
waveguide, the slope of the phase shift versus frequency
characteristic is noticeably increased. In addition to this,
the employment of dielectric as the main actuator within
the waveguide always brings a raise in losses and a lim-
itation in the power handling.

[0005] AFT Microwave and similar companies offer fer-
rite-based waveguide phase shifters. Ferrite based
phase shifters can be divided in reciprocal or non-recip-
rocal depending upon the phase difference induced is a
function of the direction of propagation of the field. Fur-
ther, ferrite phase shifters may be latching (twin-toroid
and dual-mode) or non-latching (rotary-field), depending
upon continuous holding current must be applied to sus-
tain the magnetic bias field. The latching phase shifters
show high insertion loss and it exponentially rises with
frequency. The peak RF capability of the device is limited
by the fast increase in insertion loss, especially when the
RF power exceeds a specific value. Special attention
must be given to mode control in these devices since the
bias wire in enclosed by the waveguide, thus allowing a
Transverse Electro-Magnetic (TEM) mode to propagate
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as well as higher order LSE and LSM modes.

[0006] The rotary-field phase shifter exhibits an upper
bound of the operation frequency since the diameter of
the ferrite rod decreases in direct proportion to the fre-
quency, which in turn varies the plane of polarization of
the linearly polarized wave. The main drawback of the
ferrite-based phase shifters deals with the dependency
of their electrical and magnetic properties with the envi-
ronmental agents. The temperature forces a change in
the permeability of the ferrite which causes an undesired
tiltof the polarization plane of the linearly polarized signal.
[0007] PatentdocumentUS3,001,153, entitled "Micro-
wave Phase Shifter", claims the employment of a rotat-
able section of circular waveguide, means to continuosly
rotating that section and devices at both ends of the ro-
tatable part in order to insert and extract simultaneously
two microwave signals having opposite senses of circular
polarization. The main goal of the invention disclosed in
this patent document is to generate an amplitude mod-
ulated signal having a modulation frequency fourfold the
frequency of rotation of the circular waveguide. The mi-
crowave phase shifter disclosedin US3,001,153 has sev-
eral differences with regard to the present invention:

1- Its working principle needs two circularly polarized
microwave signals with opposite sense and same
frequency.

2- The short-circuited orthomode transducers em-
ployed to convert the incoming linearly polarized sig-
nal into circularly polarized wave are narrowband.
3- A rotatable part with circular cross section.

4- The rotatable part needs to continuously turn to
achieve the needed modulation.

5- For producing the advance in phase of one of the
components it uses a half-wave dielectric plate.

[0008] A prior art variable polarization antenna is de-
scribed in patent document US3,287,730, entitled "Var-
iable Polarization Antenna". The bulky feeding subsys-
tem of this antenna possesses two rotatable waveguides
with elliptical and rectangular cross sections and the po-
larization of the radiated energy depends on the orienta-
tion of the waveguides with respect to each other.
[0009] Documents US2,738,469, US2,438,119 and
US2,546,840 disclose further microwave phase shifters
operating at similar principle as US3,001,153.

Summary of the invention

[0010] The main object of the present invention is to
provide amicrowave phase shifter with continuous phase
shifting capabilities, highly accurate and stable against
the environmental agents. The microwave phase shifter
is particularly suitable for, but not limited to, antennas of
variable linear polarization.

[0011] The microwave phase shifter of the present in-
vention is defined by appended claims 1-3. In one em-
bodiment, the microwave phase shifter comprises:
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- Anon-rotating linear-to-circular polarization convert-
er with a squared cross section, located at one end
of the phase shifter.

- Anon-rotating circular-to-linear polarization convert-
er with a squared cross section, located at the op-
posite end of the phase shifter.

- Arotatable squared waveguide with a circular-to-lin-
ear-to-circular polarization converter, positioned at
a middle section of the phase shifter.

- Apair of rotary joints with a circular cross section for
rotating the rotatable squared waveguide. The rotary
joints are located at both ends of the rotatable
squared waveguide.

- A plurality of mode launchers for adapting the
squared waveguides to the circular cross section of
the rotary joints.

[0012] Further, the linear-to-circular polarization con-
verter comprises a first septum polarizer and the circular-
to-linear polarization converter comprises a second sep-
tum polarizer parallel to the first septum polarizer. The
circular-to-linear-to-circular polarization converter of the
rotatable squared waveguide comprises a double sym-
metric septum polarizer, such that the angular difference
between the plane that holds the first and second septum
polarizers and the plane that contains the double sym-
metric septum polarizer specifies the shifting in phase of
the microwave signal.

[0013] The microwave phase shifter may also com-
prise a control unitand means for rotating the rotary joints
a determined angle. The means for rotating the rotary
joints may comprise a motor and a belt driven gear.
[0014] The advantages of the present invention com-
pared to the prior art are the following:

1- The way in which the delay or advance in phase
is produced does not require the employment of fer-
rites or any other ferromagnetic material, which
makes the system to be more stable and robust
against environmental agents such as temperature
and humidity.

2- The phase versus frequency response is constant
for all the rotation angles.

3- Due to the properties of the different components
of the present invention, it has a wide bandwidth of
operation.

4- Since within the waveguide there is no need to
include a coaxial device to tilt the field, the present
invention is durable against acceleration and vibra-
tions which makes it especially suitable for rough
scenarios.

5- Compared to latched ferrites, the present inven-
tion does not need a continuous current to sustain
the magnetic bias field, which reduces the power
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consumption. In addition to this, electromagnetic in-
compatibility issues between the biasing cables and
the propagating waveguide are avoided.

6- The accuracy of the presentinventionis 0.1° which
is much more precise that the existing alternatives
of the market.

7- Since neither substrate-based plates nor ferro-
magnetic components are employed, the presentin-
vention shows insertion losses lower than other tech-
niques and higher maximum deliverable power.

8- Compared to the rotary-field phase shifter, it can
be designed to work at much higher frequencies.

Brief description of the drawings
[0015]

Figure 1 depicts a microwave phase shifter accord-
ing to the present invention.

Figure 2 shows a longitudinal cross-section of the
microwave phase shifter of Figure 1.

Description of a preferred embodiment of the inven-
tion

[0016] Referring to Figure 1, the microwave phase
shifter (10) of the present invention comprises three dif-
ferent main parts:

- The first component is a fixed (not rotating) linear-
to-circular polarization converter (1) with a squared
cross section.

- The second component is a rotatable squared
waveguide (2) with a circular-to-linear-to-circular po-
larization converter, which ends are connected to
two mode launchers (3, 4) that adapt the squared
waveguide to the circular cross section of the rotary
joints (5, 6). Between the rotary joints (5,6) and sep-
tum polarizers (13,15) there are also two mode
launchers (7,8) for the same purpose.

- The third component is a fixed circular-to-linear po-
larization converter (9) similar to the first component
(1) and hold in the same plane but with the opposite
conversion of polarization rotation.

[0017] The first (1) and third (9) components are im-
plemented by single septum polarizers - first septum po-
larizer (13) and second septum polarizer (15), respec-
tively-. A septum polarizer is a device with three physical
ports and formed by two rectangular waveguides (11,12)
that that have a common wide or H-plane walls. These
two waveguides (11,12) are converted into a single
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square one by a stepped septum (13) placed at the com-
mon wall, as shown in the longitudinal cross-section of
Figure 2. This kind of device was originally shown by
Chen and Tsandoulas in the paper entitled "A wide-band
Square-waveguide Array Polarizer," May 1973, IEEE
Transactions on Antennas and Propagation, pp.
389-391.

[0018] In a septum polarizer, the fundamental mode
within the rectangular waveguide TE10 is converted into
a circularly polarized (CP) microwave signal in the
squared waveguide and vice versa. Whether right-hand
circular polarization (RHCP) or left hand circular polari-
zation (LHCP) is produced depends upon which of the
two rectangular ports (11,12) is excited. In the original
model presented by Chen and Tsandoulas the septum
divides the input signal in two orthogonal components
with the same amplitude, but a dielectric slab is needed
to adjust the phase of one of the components and thus
improve the existing orthogonality between signals. The
septum of the present invention is optimized to get the
desired power splitting, input port isolation, input match-
ing and output orthogonality.

[0019] The circular-to-linear-to-circular polarization
converter of the rotatable squared waveguide (2) is im-
plemented by a double symmetric septum polarizer (14).
The double symmetric septum polarizer (14) is the cor-
nerstone of the presentinvention. The angular difference
between the plane that holds the first (13) and second
(15) septum polarizers and the plane that contains the
double symmetric septum polarizer (14) specifies the
shifting in phase that s forced to the travelling microwave
signal. Independently of the rotation angle, the travelling
wave always follows the same path within the whole de-
vice due to the septa disposition. When the rotatable
squared waveguide (2) turns a certain angle 0, the cir-
cularly polarized signal faces the first stage of the double
symmetric septum (14) which converts the incoming sig-
nal into a linearly polarized component. At this time the
electric field is forced to turn the same angle 6 to get
adapted to the new boundary conditions imposed by the
presence of the stepped first septum polarizer (13). The
linearly polarized wave reaches the second half of the
double symmetric septum (14) and it is converted to a
circularly polarized signal again. Since the second sep-
tum polarizer (15) is fixed and parallel to the first septum
polarizer (13), the field is tilted again an angle 6. As a
conclusion, when the microwave signal reaches the out-
put of the microwave phase shifter (10), it has suffered
a 2-0 phase shifting compared to the situation when the
three septa are contained in the same plane.

[0020] Regarding the control subsystem, a belt driven
gear makes the rotatable part turn a desired angle. The
dimensional relation between the radio of the motor gear
and the rotary joint gear permits to refine the accuracy
andtorque fourtimes. The whole control unitis separated
from the RF path so that coexistence issues are avoided.
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Claims
1. A microwave phase shifter, comprising:

a non-rotating linear-to-circular polarization
converter (1) with a squared cross section, lo-
cated at one end of the phase shifter (10);

a non-rotating circular-to-linear polarization
converter (9) with a squared cross section, lo-
cated at the opposite end of the phase shifter
(10), wherein the circular-to-linear polarization
converter (9) has an opposite conversion of po-
larization rotation than the linear-to-circular po-
larization converter (1);

a rotatable squared waveguide (2) with a circu-
lar-to-linear-to-circular polarization converter,
positioned at a middle section of the phase shift-
er (10);

rotary joints (5, 6) with a circular cross section
forrotating the rotatable squared waveguide (2),
the rotary joints (5, 6) being located at both ends
of the rotatable squared waveguide (2);

characterized in that the phase shifter (10) further
comprises mode launchers (3, 4, 7, 8) for adapting
the squared waveguides (1, 2, 9) to the circular cross
section of the rotary joints (5, 6);

wherein the linear-to-circular polarization converter
(1) comprises a first septum polarizer (13) and the
circular-to-linear polarization converter (9) compris-
es a second septum polarizer (15), parallel to the
first septum polarizer (13);

and wherein the circular-to-linear-to-circular polari-
zation converter of the rotatable squared waveguide
(2) comprises a double symmetric septum polarizer
(14), such that the angular difference between the
plane thatholds the first (13) and second (15) septum
polarizers and the plane that contains the double
symmetric septum polarizer (14) specifies the shift-
ing in phase of the microwave signal.

2. The microwave phase shifter of claim 1, comprising
a control unit and means for rotating the rotary joints
(5, 6) a determined angle.

3. The microwave phase shifter of claim 2, wherein the
means for rotating the rotary joints (5, 6) comprises
a motor and a belt driven gear.

Patentanspriiche

1. Mikrowellenphasenschieber, umfassend:
einen nichtrotierenden Linear-Zirkular-Polarisa-
tionswandler (1) mit quadratischem Quer-

schnitt, der sich an einem Ende des Phasen-
schiebers (10) befindet;
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einen nichtrotierenden Zirkular-Linear-Polarisa-
tionswandler (9) mit quadratischem Quer-
schnitt, der sich am entgegengesetzten Ende
des Phasenschiebers (10) befindet, wobei der
Zirkular-Linear-Polarisationswandler (9) eine
entgegengesetzte Umwandlung der Polarisati-
onsdrehung aufweist als der Linear-Zirkular-Po-
larisationswandler (1);

einen drehbaren rechteckigen Hohlleiter (2) mit
einem  Zirkular-Linear-Zirkular-Polarisations-
wandler, der in einem Mittelabschnitt des Pha-
senschiebers (10) angeordnet ist;
Drehverbindungen (5, 6) mit einem kreisférmi-
gen Querschnitt zum Drehen des drehbaren
quadratischen Hohlleiters (2), wobei die Dreh-
verbindungen (5, 6) an beiden Enden des dreh-
baren quadratischen Hohlleiters (2) angeordnet
sind;

dadurch gekennzeichnet, dass der Phasen-
schieber (10) ferner Modenstarter (3, 4, 7, 8)
zum Anpassen der quadratischen Hohlleiter (1,
2,9)anden kreisférmigen Querschnittder Dreh-
verbindungen (5, 6) umfasst;

wobei der Linear-Zirkular-Polarisationswandler
(1) einen ersten Septumpolarisator (13) und der
Zirkular-Linear-Polarisationswandler (9) einen
zweiten Septumpolarisator (15) parallel zum
ersten Septumpolarisator (13) umfasst;

und wobei der Zirkular-Linear-Zirkular-Polarisa-
tionswandler des drehbaren quadratischen
Hohlleiters (2) einen doppelsymmetrischen
Septumpolarisator (14) umfasst, sodass die
Winkeldifferenz zwischen der Ebene, die den
ersten (13) und zweiten (15) Septumpolarisator
aufnimmt, und der Ebene, die den doppelsym-
metrischen Septumpolarisator (14) aufnimmt,
die Phasenverschiebung des Mikrowellensig-
nals bestimmt.

2. Mikrowellenphasenschieber nach Anspruch 1, um-

fassend eine Steuereinheit und Mittel zum Drehen
der Drehverbindungen (5, 6) um einen bestimmten
Winkel.

Mikrowellenphasenschieber nach Anspruch 2, wo-
bei das Mittel zum Drehen der Drehverbindungen
(5, 6) einen Motor und ein riemengetriebenes Ge-
triebe umfasst.

Revendications

1.

Régulateur de ultra-courtes,

comprenant :

phase d’ondes

un convertisseur de polarisation linéaire-circu-
laire non rotatif (1) avec une section transversale
carrée, situé a une extrémité du régulateur de
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phase (10) ;

un convertisseur de polarisation circulaire-li-
néaire non rotatif (9) avec une section transver-
sale carrée, situé a I'extrémité opposée du ré-
gulateur de phase (10), dans lequel le conver-
tisseur de polarisation circulaire-linéaire (9) a
une conversion de rotation de polarisation op-
posée a celle du convertisseur de polarisation
linéaire-circulaire (1) ;

un guide d’ondes carré rotatif (2) avec un con-
vertisseur de polarisation circulaire-linéaire-cir-
culaire, positionné sur une section centrale du
régulateur de phase (10) ;

des joints rotatifs (5, 6) avec une section trans-
versale circulaire pour faire tourner le guide
d’'ondes carreé rotatif (2), les joints rotatifs (5, 6)
étant situés aux deux extrémités du guide d’on-
des carré rotatif (2) ;

caractérisé en ce que le régulateur de phase
(10) comprend en outre des lanceurs de mode
(3, 4,7, 8) pour adapter les guides d’'ondes car-
rés (1, 2, 9) a la section circulaire des joints ro-
tatifs (5, 6) ;

dans lequel le convertisseur de polarisation li-
néaire-circulaire (1) comprend un premier pola-
riseur de septum (13) et le convertisseur de po-
larisation circulaire-linéaire (9) comprend un se-
cond polariseurde septum (15), paralléle au pre-
mier polariseur de septum (13) ;

et dans lequel le convertisseur de polarisation
circulaire-linéaire-circulaire du guide d’ondes
carré rotatif (2) comprend un polariseur a double
septum symétrique (14), de sorte que la diffé-
rence angulaire entre le plan qui contientles pre-
mier (13) et second (15) polariseurs a septum
et le plan qui contient le polariseur a double sep-
tum symétrique (14) spécifie la régulation de
phase du signal d’ondes ultra-courtes.

2. Régulateur de phase d’ondes ultra-courtes selon la

revendication 1, comprenant une unité de comman-
de et des moyens pour faire tourner les joints rotatifs
(5, 6) selon un angle déterminé.

Régulateur de phase d’ondes ultra-courtes selon la
revendication 2, dans lequel les moyens pour faire
tourner les joints rotatifs (5, 6) comprennent un mo-
teur et un engrenage entrainé par courroie.
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