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@ Branching network for the separation of very high frequency signals in double polarization.

@ Branching network for the separation of very high
frequency signals in double polarization, with compact
structure, reduced loss due to insertion and with a high
degree of selectivity for frequencies and polarizations to be
used essentially in the field of terrestrial stations for satellite
communications.

7
|
1

= r—-
i
3

Cro-yd;ﬁn ;"mhng Company Ltd



0163611

BRANCHING NETWORK FOR THE SEPARRTION OF
VERY HIGH FREQUENCY SIGNALS IN

DOUBLE POLARIZATION

This application is related to the copending application
Ser. No. 469,141 filed 23 February 1983 by me and Enzo Cavalieri

D'Oro.

The present invention relates to a branching network for
5 the separation of sicgnals with a very high freguency in double
polarization and,mmo:avpérticularly, to a signal separator for
ricrowaves which corprises two "3d3"-type couplers with
reject-band type filters inser@ed between them, the filters
reflecting the signals-coming from the first 34B-type coupler in
10 cne of the frequency bands ané allowing the transit of the other
band. The filters are such as not to alter the armplitude and

phase relationships in the signals pertaining to each of the two

frequency bands.

Branching or separation networks of the type with which

15 the present invention is concerned have utility in the
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telecommunication £field, more particularly to _the field of
satellite telecommunications. The device can form an element of
the illumination system (“"FEED"™) for terrestrial antennas, since
frequency recovery is generally required for this type of
communications, given the high cost of duplicating antennas of

large dimensions.

While thié description will refer repeatedly to linearly
polarized signals, it should be understood that the principles
invelived can also be applied to telecommunication systens
operating with circular polarization.

A linearly polarized signal can be transformed into a
circularly polarized signal or vice versa, by means of a 90°
differential phase shifter (polarizer) with its differential
phase-shift axis located at 45° with respect to the linearly
péla:ized signal. -

it is also known that in the waveguide connected to the
antenna for signal transmission and extraction, four channel
groups ére present, namely, two transmission channel groups which
are isofreqhgptial épd ﬁiffer from one another by their
poiarization, ‘and &two receptiom channel groups which ares
isofrequentiai but-in a freguency band different from that of the
transaissienvchannels, and alsé differing from each other by their

polarization. =

In order to separate the transmission channels from the

a

receptioﬂ channels it is necessary to use fregquency separation.
- N - " L N

This separation can be based on polarization and can be effected

by using orthogonal-mode transducers (OMT) or others known to

those skilled in the art.
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In satellite telecommunications systems, devices such as
*0dB" type couplers, -besides separating the two bands by their
frequencies, extract and supply to different outputs the channels
of one of the two bands, separated according to their polarization,

A double 0dB coupler ;onsists of a central waveguide
(having a circular or sguare cross-section) wherein both the
frequencies with both polarizations can propagate and of four
lateral waveguides symmetricaliy arranged with respect to the
central waveguide, connected thereto by a plurality of coupling
waveguides, arranged so as to allow the transit of the signals
present on one of the polarization planes.

The signals present in the central waveguide are thus
separated according to their polarization. One pair of lateral
guides symmetrically arranged with respect to the central guide,
receives the vertically polarized signals, and the other pair of
lateral gquides receives the horizontally polarized signals. 1In a
more general sense, one pair of lateral guides receives the
signals present in one plane of polarization, while the other pair
receives the signals present in a polarization plane perpendigular
to the first.

Each coupling gﬁiderallows the transfer into the lateral
guides of a fraction of the energy of the signals present in the
central guide, which can propagate into the coupling guide. Bf
suitably dimensioning thé couplers, the complete transfer of the
mentioned energy from the central guide to the selected lateral
guides can be achieved. Based on the reciprocity principle, the
above-mentioned coupler can also accommodate dual mode operation:

the delivery to one of the pairs of opposite lateral gquides of two
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signals with equal amplitudes and phases, these being totally
transferred to the central guide, where they are summed.

.The coupling waveguides can be dimensioned as high-pass
filters of poor é?ficieﬁcy; If the reception band is sufficiently
remoterfrom the trénémission band, it is possible to separate the
two bands by dimensioning the coupling waveguides so that only the
band with the highest.frequency can propagate {(for instance the
transmission band) while the other band propagates undisturbed in
the central waveguide.

Mention should also be made of the circuit for the
separatien of twe freguency bands for very high frequency signals
in double polarization®™ (Italian patent application No. 22821
A/81, -9/7/81, CAVALIERI D'ORO) which describes 0dB couplers
capable of separating the receptiom band from the transmission
band, even when the two bands are close to each other.

The freguency selectivity which allows the use of the 048
coupler in only bne of tpe two bands, is achieved due to'the

rejection cavities located in one wall of each of the lateral

‘guiéeédéﬁ&.}ééihgVghércoupiing guides, but the rejection cavities

are capahle of operating eonly when acting upon very narrow
frequency bands, which limits the use of this device, because when
very wide fregquency bands must be rejected, the cavities will
producé a difféténﬁ phase relationship in the lateral guides,
departing froﬁ ;hé Syncbronisn principle to the point where thes;
couplers canneé be usefuf.

The copending application relates to a circuit for the

separation of two frequency bands for signals of very high
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frequency in double polarization" (see also 1Italian patent
application No. 19845 A/B2, 25/2/82, CAVALIERI D'ORO- VITA).

This circuit arrangement uses bandpass filters inserted between
3dB type couplers to separate the reception band from the
transmission baqd. Here the filters with lamellar structure make
the construction of this device complicated.

In addition, when the reception band is very close to the
transmission band, the desired selectivity caennot be achieved.
Thus it may be said that prior art separators have the following
disadvantages:

major insertion losses, due to the maximum rejectivity
reguired in the filters;

large and cumbersome construction and weight;

a very complex construction; and

difficulties is use of the device for wide and close

frequency bands.

It is the principal object of this invention to prOv}de a
microwave branching network for the separation of polarized
high-frequency signals- whereby the disadvantages of earlier
systems are obviated.

Another object of this invention is to provide a
separator connectible to a terrestrial antenna cf a satellite
communications system fo; separating transmitting and receiving
bands with respective polarizations so that the insertion losses
are negligible and the device is of simple construction, small

size and little weight.
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These objects and@ others which will become apparent
hereinafter for the separation of very high frequency microwave
signals in double peolarization are achieved with a device which
comprises a central waveguide permitting propagation of the
signals of bot£ bands with respective polarizations and four
lateral waveguides connected symmetrically to the central
waveguides by respective coupling wavecuides allowing transit of
the signals of the two bands having the same polarization.

Respective reject-band or high-pass filtering means is
connected to the control waveguide and to the four lateral
waveguidesrto permit transit of only one frequency band each, the
filtering weans being symmetrical with respect to both
polarization planes.

Coannected to these filtering means is a second double 3dB
coupler with central waveguide, drom lateral waveguides and
respective coupling waveguides as described.

The device of the present invention has been found to be
capable of overcoming the dicadvantages of the earlier devices’
with the following results:

negligible insertion losses (=0.20 8B in the band

10.7 + 14.5 GAz);
less cunbersome construction and a lower weight, due to

its particular configuration, which will be further described

v
below;

simple construction:

agreement between the controlling elements;
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optimum reproducibility;

utility of the device even with wide frequency bands
close to each other.

More specifically the device of the invention consists of
a double coupler of the 0dB-type, comprising in turn two identical
sections in the form of dougle couplers of the 3dB-type wit
filtering elements of the reject-band or the high-pass type
inserted between them and capable of separating two frecuency
bands even if they are very wide or close to each other,

The circuit according to the invention for the separation
of two frequency bands for very high frejuency signals in double
polarization comprises:

a first double coupler of the 38B type incluéding a
central waveguide, capable of permitting the propagation of
signals from both bands, according to each of the two
polarizations (V and H as described below to represent vertical
and horizontal polarizations, respectively) and four lateral
waveguides, disposed symmetrically with respect to the central
waveguide, being connected thereto by a rultiplicity of coupling
waveguides capable of allowing the transit of signals from Hoth
bands having the same polarization;

filtering structures- of the reject-band type or the
high~pass type received in the square-cross section central guide
with square cross-section, allowing the transit of signals of only
one of the frequency bands;

a second 3dB coupler analogous to the first,
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The invention is now going to be described with respect
te one of its preferred embodiments which is given as an
illustrative, but nonliwmiting, example, with reference to the
accompanying drawing in which:

FPIG. la is an axial (longitudinal) section through a
davice according to the invention;

FfIG. 1b is a section taken along the line Ib-Ib of FIG.
la;

FIG. lc is an end view of the device;

PI1G. 2 is a block diagram illustrating the principles for
single plane polarization;

FIG. 3 is a similar diagram for a transit mode of the
filters; and

FIG. 4 is another diagram showing the principles of

operatiow in a mode in which the filters are rejecting.

FIG. 1 shows the configuration of the device in one of
its possible embodiments and in which the device comprises ;
flange 1 having connection bores 2 for connecting the separator
with the reiaining parts of the antenna illuminator. Within the
device is a set of lateral rectangular guides 3, a central guide
4, and a supporting structure 5 of pelygonal shape (so as to

reduce the weight of the device). The filtering structures with

cut-off guides in the reception band (high-pass filters) are

represented at 6.
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ircuit arrangement

for a single polarization (Vv or indeed H) comprises a reception

end or port 8, a common gquide 9 for transmissi

first 3dB coupler 10, the high-pass filters 11,

on/reception, the

a second coupler

12, the transmission end or port 13 and a terminal 14 for high

frequency.

It is to be noted that a cdouble 3dB coupler can also have

a dual mode of operation, i.e. the energy of a

field applied to

the inputs of a pair of lateral guides can be distributed over the

lateral guides and the central guicde.

The present device is a circuit for the separation of

signals by their frequencies and polarization.
shown in FIG. 2, the ends or ports 8 and 13,

reception and transmission ports, are uncoupled.

In the ecbodiment
respectively the

While the

signals coming from the port 13 in the band TX are sent to the

antenna 15, the signals received by the antenna

are inserted into the recepticn port 8.

15 in the band RX

This diagram refers to only cne of the polarizations (for

instance polarization in the V-plane polarization of FIG. 1lb) angd

is completely separate (isolation >33d8) from the otheyr

polarization plane (H of FIG. 1lb). These features are a result of

the symmetry of its structure. The mode of operation of the

structure with the frequency accepted by the filters is shown in

FIG. 3.

FIG. 4 refers, as already mentioned,

] A

present in the band rejected by the filters.

to the signals
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in ordéi toe achieve greater graphic and descriptive
clarity, the attebuation and the phase shift introduced by the
double 3dB couplers and the filtering sections 17 have been
considered zero, as well as the angle of reflection (the reflected
signal has the same amplitude and phase as the incident angle); in
practice,‘the Eouplers, as uéll as the filtering sections, may
modify the amplitude and/or the phase of the transitting signals
ané/or of the reflected signals.

With reference to FIG. 3, a unitary amplitude signal
appliedbin Bruili generate at the outputs C and C' of the first
céupler 18 two signals of an amplitude'lA/f , phase-shifted with
respect te eéch other by %/2 (the signal in C anticipates the one
in C*) ihese signals pass fhrough the filtering sections (which
ﬁave'béen omitted being transparent to the passed signal) and
reach the inputs D and D' of the second coupler 12.

By application of the overlapping effect it can easily be
seen that the entire signal applied in B is available at the exit
of the latéral éuide E', while at the exit E of the central guide
4 the:é is neo sighal. -

With réference to Fig. la, the two isofreguential s}gnals
compriéed in the band passing through the filtering sections can
still be éxt:agﬁeé,‘in accordance with their polarization, at the
output of Ehe tvo pairs of lateral guides of the second coupler 12.

‘ En tﬁéraiagram of PIG. 4 the filtering sections have been
substituted by short oircuits, since the filters work in the
rejection band. A signal of unitary arplitude applied in B will

generate at the outputs C and C' of the first coupler 10 two
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signals with an amplitude of lA/E- phase-shifted with respect to
each other by 1M/2.

The signals will be reflected by the short circuit
towards the first coupler (as mentioned before, the signals have
not been phase-shifted).

By applying the overlapping effect, it can be easily seen

- that the entire signal applied in B is available at the output B'.

The device according to the invention separates the
transmission hand from the recepticn band, respectively in the two
polarizations perpendicular to four rectangular guides.

The high-pass filter section are constructed with
stretches of cut-off waveguides 16 for the lower frequency band of
sufficient length to achieve the desired degree of selectivity ecr

rejection, these stretches being preceded by adapter sections 17

for the high Erequency band.
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CLAIMS

1. A branching network for the separation of very high
freguency ni;rawave signals in double polarization, comprising
in an elongated waveguide body the following elements arranged
in series:

a first double 3dB-type coupler consisting of a central

waveguide permitting propagation of signals of both bands

~ according to each of two polarizations and of four lateral

wvaveguides symmetrically arranged with respect to the central
wavequide to which they are connected by a plurality of coupling
waveguides, capable of allowing the transit of signals of both
bands having thg'éasé polarization;

' “hiéhépaséréipe filtering sections connected to the
central wavegulide and to the four lateral waveguides, which
allow the transit of signals of only one frequency band, said
filtering sections being symmetrical with respect to both

polarization planes and having the sane electrical

characteristics in the central guide and in the lateral guides

for the signals present in respective pass and reject bands? and
a second double 3dB coupler corresponding to said first

coupler and connected to said filtering sections.

2. zhe btanching network defined in claim 1 wherein the
high-pass filter-éécti?ns are constructed with stretches of
cut-off waveguides for the lguer frequency band, of sufficient
length to achleve selectivity, said stretches being preceded by

adapter sections for the high-frequency band.
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