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COMMONWEALTH OF AUSTRALIA
PATENTS ACT 1952 - 1969

DECLARATION IN SUPPORT OF A CONVENTION APPLICATION
FOR A PATENT OR A PATENT OF ADDITION

In support of the Convention application made
for a patent ofk:gdditsion for an invention entitled

"A DUPLEX SEND/RECEIVE MICROWAVE HEAD"

I, BRIAN PATRICK O'CONNOR
of STANDARD TELEPHONES AND CABLES PTY. LIMITED, 252-280

Botany Road, Alexandria, 2015, N.S.W., Australia
do solemnly and sincerely declare as follows: -

1. I am authorised by ALCATEL N.V.
the applicant for the patent KX to make
this declaration on its behalf,

: 50 2. The basic application as defined by Section 141
f e Teee of the Act wasy¥¥¥% made in France
e on 18 June 1987
coanas by ALCATEI, THOMSON FAISCEAUX HERTZIENS
3. JEAN CLAUDE CRUCHON, of 28 Rue MNey 95570
Bouffemont, France;
o o FRANK FON1AINE, of 3-5 Rue de Commandant
e Marchand, 94130 Nogent Sur Marne, France and
g°‘°- MICHEL BRUGIDOU, of 39 Rue Alphonse Pallu,
' 78110 Le Vesinet, France
s e x¥%/are the actual inventors of the invention, and
eova’ the facts upon which the applicant is entitled to

make the application are as follows:-

ALCATEL N.V. is the Assignee of ALCATEL THOMSON

P FAISCEAUX HERTZIENS who is the Assignee of THE
o SAID INVENTORS.
4, The basic applicatisn referred to in paragraph 2

of this Declaration wasyWkX¥ the first application
in a Convention country in respect of the invention
the subject of the application,

Declared at Sydney this 16th day of  June 1%7 88
ALCATEL N.V. i
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Signature of Declarant

To: The Commissioner of Patents.
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(567) Claim

1. An orthogonal polarization duplex send-recelve microwave head com-
prising an elongate housing provided with a longitudinal bore closed at a
first end of the housing and open at a second end of the housing, the lon-
gitudinal bore forming a first waveguide and with a first transverse nore
forming a second wavegulde a first end of which extends through the exte-
rlor wall of the housing and a second end of the second waveguide opens out
into the first wavegulde, at a distance from the c¢losed end of the first
wavegulde, and a first antenna which extends into the first waveguide,
whereln sald first antenna 1s a recelve anteﬁna which extends into saild
first wavegulde at a location sltuated between the closed first end of said
first wavegulde and the locatlon at which sald second waveguide opens out
therein and wherein a transmit antenna extends into the second waveguide at
the end thereof remote from the first wavegulde, with sald antennae being

connected to respectlive coaxlal connector means extending through the hous-
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(11) AU-B-17724/88 -2-

(10) 604917
ing and with a metal plate being disposed longitudinally in the first
wavegulde between two transverse planes containing the two antennae, sald
metal place acting as a short circuilt for electric flelds parallel to the

plate.

2. A microwave head as clalmed in claim 1, whereln the housing 1s
cylindrical or semi-cylindrical, the housing having concentric fins formed
thereon serving as a radiator and machined at the first eﬁd of the housing
to form three flats, the first two flats being a top flat and a bottom flat
and belng parallel to each other, while the third flat 1s perpendlicular
thereto, each of sald three flats having an oblong cavity formed thereiln to
recelve a circult, the third cavity belng connected to the other two cavi-
tiesrvia a successlon of parallel orifices for contalning link wires be-
tween the various circults, sald three cavities commnicating with the
first end of the housing via three respective orifices the first and second
cavities being disposed on elther side of the longitudinal bore and commu-

Vnicating therewlth respectively via a second transverse bore whichk 1s cy-
lindrical in shape and forms an access for the first antenna and the first

transverse bore which constitutes the second wavegulde.
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COMMONWEALTH OF AUSTRALTIA

PATENTS ACT 1952-1969

COMPLETE SPECIFICATION FOR THE INVENTION ENTITLED

"A DUPLEX SEND/RECEIVE MICROWAVE HEAD"

The following statement 1s a full description of

this inventlon, including the best method of

performing 1t known to us:-
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.This invention relates to an orthogonal-polarization duplex send-
recelve microwave head.

It 1s currently common practice to use duplexers in all microwave link
systems. The vast majority of them make use of waveguide accesses at two
different polarities, or else they make use of coaxlal accesses on rectan-
gular or square horns. They are generally ‘-ased on the principle that an
over-slze waveguide 1s capable of propagating two waves at orthogonal
polarizations (this applies in particular to a circular or a square TE;;
waveguide).

The electromagnetic flelds are separated by a mode filtering effect
(for example using a decoupling plate which puts one of the types of propa-
gation below a cut-off) in combination with lengths of waveguide.

In principle, a good quality duplexer provides 40 dB to 50 dB of de-
coupling between accesses, and it must be made as a waveguide at all of its
accesses for the purpose of preserving the distribution of the
electromagnetic fields. This principle 1s always used because of its
greater fldelity in reproduction and 1ts lmproved symmetry.

In present-day internaticnal competition, data transmission systems
include re-transmission via satellites operating in communication with
cheap miniature ground stations. TV re-transmission by such systems ap-

pears to be headed for great expension.

Technical progress, for example in the following fields:

monolithic circuit manufacture using silicon (Si) or gallium arsenide

(Gahs);

automatic wiring of circults using surface mounting components; and

computer-assisted circuit design;
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makes 1t possible, cheaply and on a large scale, to achileve rellable semi-
conductor circuits of the following types: high power amplifiers (HPA);
low noise amplifiers (LNA); and low nolse converters (LNC).

In thils case, competition resides in the mechanical environment which
makes use of cast metal boxes and also of hybrid or composite technologies.

A system is known for recelving linear orthogonal polarized microwave
silgnals. Thls system 1s essentially constituted, after a parabolic reflec-
tor, by a receive horn, a bandpass fillter, a mode separator, and a housing
containing electronic circults for amplification and frequericy conversion.
The horn and the fillter are made as waveguldes and, together wlth the mode
separator and the housing, are carried by a common support constituted by
two half-shells which are symmetrical about their longitudinal assembly
plane and which are suitable for being manufactured by a common industrial
method, in particular a method such as casting or injecting a metal or a
plastic material which is subsequently metallized.

However, in such a system, the connectlon between the portion made of
wavegulde and the electronic circuits is provided by subdividing the sepa-
rator. into two waveguides of orthogonal rectangular right cross-sectlons;
with these two waveguldes being coupled to two respective circuit support
plates.

Such an implementation prevents a high degree of integration because
of the existence of problems of fi=ld deformation by coupling between the
orthogonally polarized microwave signals.

MAn object of the present Inventlon 1s to mitigate these drawbacks.

To this end, the present inventlon provides an orthogonal polarization
duplex send-recelve mlcrowave head comprising an elongate housing provided
at one end with a longitudinal bore forming a first wavegulde and with a

transverse bore forming a second wavegulde opening out into the first

'waveguide, and an antenna which extends into the first wavegulde, wherein

sald antenna 1s a receive antenna which extends into said first wavegulde
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at a location situated between the inside end of said first waveguide and
the location at which sald second wavegulde opens out therein, and wherein
a transmit antenna extends into the second wavegulde at 1ts free end, with
sald antennae being comnected to respective coaxlal accesses and with a
metal plate belng disposed longitudinally in the first waveguide between
two transverse planes contalning the two antennae.

Advantageously, such a head is sultable for composite wavegulde-coax
integration. The overall embcdiment is greatly simplified by combining
these two techniques.

More particularly, the present invention provides a microwave head
comprising a cylindrically or semi-cylindrically shaped housing formed with
concentric pins acting as a radiator, which pins are machined at a first
end of sald housing in order to form three flats, with the first two flats
being a top flat and a parallel bottom flat, and with the third flat being
perpendicular thereto. An oblong cavity for receiving a respective circuit
is formed in each of sald three flats. The third flat is commected to the
other two flats via a succession of parallel orifices for containing link
wires between the varlous circuits. Each of these three cavities communi-
cates with the first end of the housing via a corresponding orifice. The
first and vhe second cavities disposed on elther side of sald longitudine.
bore communication therewith respectlively via a first cylindrically shaped
transverse bore and via a second bore constituting the second wavegulde.

Such a head offers numerous advantageous mechanical characteristics:

a single housing moldable under pressure;
access to the power supply and amplification functions via the cavi-
ties; and

a high degree of compactness (usable at the focus of an antemna).

It also provides numerous advantageous electrical characteristics;




send-recelve d2coupling of better than 45 dB;

an inlet nolse temperature of less than 150°K when using the new high
electron mobility transistors (HEMT) and three stages of amplification
for the low noise amplifier (INA) circuits and the low nolse converter
.(LNC) circuits; and

an effectlve power of 1 watt to 2 watts for the high power amplfier

(HPA).

Finally, it provides advantageous thermal characteristics:
ee*°10 dissipated heat 1s removed by natural convectlon from the finned body

and by conduction to the excltation support or supporting bracket.

os In order that the invention may be readily understood, embodiments
:4.::; thereof will now be described with reference to the accompanying drawings,
o in which:

a;g.._ Figures 1 to 5 are respectively:

0 ne

® B3

a front view;

o eo

Tedest an end view along arrow II of Fig. 1;
a sectlon on III—IIi of Fig. 1;
§'°-20 a view from above; and
":"°§ a view from below
-:. of a microwave head in accordance with the invention;
:ﬂl Fig. 6 1s a sectlon view of the microwave head in accordance with the
%
b invention on a vertical plane VI-VI of Flg. 7; and
Fig. T 1s a cross-section view of a mlcrowave head 1n accordance with
. the invention on a plane VII-VII of Fig. 6.
The microwave head in accordance with the inventlon comprises a hous-
ing as shown in Figs. 1 to 5.
30 |
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The housing 10 1s cylindrical or seml-cylindrical in shape and is
formed with concentric fins 11 acting as a radiator with said fins being
machined at a first end 12 of the housing 10 in order to form three flats,
with the first two flats 13 and 14 being a top flat and a bottom flat and
belng parallel with each other, and with the third flat 15 being perpendic-
ular thereto.

Fach of these three flats 13, 14 and 15 has a respective ublong cavity
16, 17, 18 formed therein.

Each of these three flats includes holes 19 enabling a plane cover to
be fixed thereon. |

The three cavities 16, 17, and 18 also include holes 20 enabling each
of them to have a circuit fixed therein.

The third cavity 18 is connected to the other two via a succession of
parallel orifices 21 for containing link wires between the various cir-
cuits.

These three cavities 16, 17, and 18 communicate with the first end 12
of the housing 10 via three respective orifices 22, 23, and 2U.

A longitudinal cylindrical bore 25 is machined in the housing to open
out at the second end 26 of the housing so as to form a first TE;'1 mode
wavegulde.

The first and second cavities 16 and 17 disposed on either side of
sald bore 25 communlicate therewlth respectively via a first transverse bore
27 which 1s cylindrical in shape and a second transverse bore 28 which 1s
rectangular in shape and which 1s partially closed adjacent to the first
longitudinal bore by an 1iris 29 in order to constitute an iris compensated
TE j , mode rectangular waveguide.

A polarization plate 31 divides the first cavity along a mid-plane in

the longitudinal directlion and it 1ls sltuated between the first and second

transverse bores 27 and 28. Thils plate serves to short-circult that one of

the electbic fields which 1s parallel thereto.
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The head in accordance with the invention is shown in Figs. 6 and 7
after being assembled.

Each of the cavities 16, 17 and 18 is closed by a respective plane
cover 35, 36 and 37 resting on a respective one of the three flats 13, 14
and 15 and thereby constituting respective electromagnetically screened en-
closures.

The cavitlies contain the following circuits respectively:

the first cavity 16 contains a receive circuit 38;

the second cavity 17 contains a send circuilt 39; and

the third cavity 18 contains a power supply circuit 40 for the other
two circuits 37 and 38.

Each of these three circuits 1s connected to a comector fixed in one
of the orifices 22, 23, and 24, with the first two connectors being coaxial
connectors 41 and 42 and with the third connector not being shown in the
figures.

The receive circuit 38, e.g. a low nolse converter (LNC) type circuit,
1s a circuit for amplifying a receive signal and it includes an antenna 44
passing through the first transverse bore 27 so as to have 1ts receive por-
tion per se disposed in the longitudinal bore 25.

The transmit circuit 29, e.g. a high power amplifier (HPA) type of
circuit 1s a circuit for amplifyling a transmit signal and it includes an
antenna 45 located in the second transverse bore 28. This circult closes
sald transverse bore 28.

The third circult 40 feeds power to the components of the other two
circuits 38 and 39, and in particular to the transistors thereof, by means
of wires which pass through the orifices 21.A

A microwave head in accordance with the inventlon may co-operate with

an excltation horn mounted on the second end of the housing 10 and situated

I
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in the extension of the longitudinal axls 25, such a horn being well-knovn
to the person skilled in the art and not being shown in the figures.

A metal sole plate acting as a ground plane may be dispnsed on the
housing side face of each of the circuits 38, 39 and 40.

Preferably the microwave head of the present invention comprises a
composite Integrated system for transmitting and receilving orthoronal
polarizations and having the following features in particular:

a duplex source having a high degree of decoupling (greater than 50
dB) by virtue of its composite disposition (coaxial antenna in a cylindri-
cal TElA mode waveguide 25 and an 1rils compensated TEi0 mode rectangular
guide 28);

a recelve amplifier cilrcuit 38 mounted directly in the cast duplexer
body, said recelve amplifier circuit 3% being provided with an anternna 44
giving 1t direct access to the cylindrical waveguilde 25; and

a transmit amplifier circuit 39 mounted directly in the cast duplexer
body, said transmit amplifier circult 39 being provided with an antenna 45,
closing the transmit waveguide 28, and providing the coax-to-waveguide
transition.

The head assembly constitutes a sealed block which forms a heat radi-
ator sultable for outdoor or indoor mounting at the focus of a parabolic
antenna or offset by means of a corrugated or trap bipolar circult source.

The invention relates to the composite dlsposition of the duplexer as-
soclated with the transmit and recelve amplifier circuits, while simultane-
ously acting as a radlator of the energy consumed without transmission link
losses and having a very low recelve nolse temperature.

A particular embodiment of a head in accordance with the inventlon has
the following characteristics:

Physical dimensions:

length: 130 mm

outslde dlameter: 72 mm

1\ e - et rmie oo
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first cavity:
~diameter: 17.8mm; and
depth: 91 mm
rectangular opening:
cross-section: 19 mm x 9.5 mm; and
depth: 22 mm

Materials used:

the housing 10 may be conventionally machined in metal, for example
light alloy, or it may be a plastic molded under pressure and then
metallized, e.g. metallized epoxy;

the circults may be made, for example, on Durold or on Teflon glass
which is 0.254 mm thick and disposed on a rigid metal sole plate which is
not less than 2 mm thick.

Perlormance:

The following frequency bands may be used

receive: 10.95 GHz to 12.75 GHz; and

transmit: 14.0 GHz to 14.5 GHz.

Naturally, the present invention has been described and shown purely
by way of preferred example and 1ts component parts could be replaced by
equi&alent parts without thereby going beyond the scope of the invention.

Thus, the iris 29 for providing matching between the first guilde 25
and the second guide 28 could be replaced by a post.

The longlitudinal bore could be square or rectangular, in which case it
would still propagate TE,; mode.

The second guide 28 could be square or rectangular: Iin which case 1t
would propagate TElﬂ mode, or else 1t could be circular, in which case it

would propagate TE,, mode.
14




The clalms defining the inventlon are as follows:

1. An orthogonal polarization duplex send-recelve microwave head com-
prising an elongate housing provided with a longitudinal bore closed at a
first end of the housing and open at a second end of the housing, the lon-
gitudinal bore forming a first waveguide and with a first transverse bore
forming a second waveguide a first end of which extends through the exte-
rior wall of the housing and a second end of the second wavegulide opens out
into the first wavegulde, at a distance from the closed end of the first
o o o wavegulde, and a first antemna which extends into the firut wavegulde,

e ®eo wherein sald first antenna 1s a recelve antenna which extends into said
vou first waveguide at a location situated between the closed first end of sald
o e first waveguide and the location at which sald cecond waveguide opens out
therein and wherein a transmit antenna extends into the second wavegulde at
the end thereof remote from the first wavegulde, with said antennae belng
connected to respective coaxlal ccrnector means extending through the lhous-
ing and with a metal plate belng disposed longitudinally in the first
0o’ & wavegulde between two transverse planes containing the two antennae, ssig
metal place acting as a short circuit for electric fields parallel tgat;%;~.
:fr 2. A microwave head as clalmed in claim 1, whereln the housing is
SRR cylindrical or semi-cylindrical, the housing having concentric fins formed
thereon serving as a radlator and machined at the first end of the housing

to form three flats, the first two flats belng a top flat and a bottom flat

and belng parallel to each other, while the third flat 1s perpendicular
? thereto, each of sald three flats having an oblong cavity formed therein to
recelve a clrcult, the third cavity belng connected to the other two cavi-
ties via a successlon of parallel orifices for containing link wires be-
tween the varilous clrcults, sald three cavities communicating with the
first end of the housing via three respective orifices the first and second

cavities belng dlsposed on elther side of the longltudinal bore and commu-

nicating therewith respectlvely vla a second transverse bore which 1s cy-
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lindrical in shape and forms an access for the first antenna and the first
transverse bore which constitutes the second waveguide.

3. A microwave head as claimed in clalm 2, wherein each cavity is
closed by a respective plane cover.

4, A microwave head as clalmed in any one of the preceding claims
wherein the longitudinal bore forming the first waveguide 1s cylindrical so
as to propagate in TE]J_mode.

5. A microwave head as claimed in any one of the preceding claims
wherein the second wavegulde 1s a rectangular wavegulde compensated by an
iris located at the opening of the second wavegulde into the first
wavegulde.

6. A microwave head as claimed in claim 2 or claim 3 or as claimed in
elther claim 4 or claim 5 each as appended to claim 2 or claim 3 including
a recelve circult situated in the first cavity, a transmit circult situated
in the second cavity; and a power supply clrcuit for the other two circuits
situated in the third cavity, each of sald three circuits being connected
to a connector, with the rirst and second connectors beilng coaxlal connec-
tors.

T A microwave head as claimed in any one of the preceding claims,
wherein the housing made of machined metal.

8. A mlcrowave head as claimed in any one of claims 1 to 6, wherein
the housing 1s made of molded material having a metal deposit formed
thereon.

9. An orthogonal polarization duplex send-recelve mlcrowave head, sub-
stantially as herein described with reference to Figs. 1 to 7 of the accom-

panying drawings.

DATED THIS TWENTY-FIFTH DAY OF SEPTEMBER, 1990
ALCATEL N.V.
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