s

~

PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 5 :

HO1Q 15/00, 3/44 Al

(11) International Publication Number:

(43) International Publication Date:

WO 92/16031
17 September 1992 (17.09.92)

(21) International Application Number: PCT/EP92/00386

(22) International Filing Date: 24 February 1992 (24.02.92)

(30) Priority data:

TO91A000139 27 February 1991 (27.02.91)  IT

(71) Applicant (for all designated States except US): ALENIA-
AERITALIA & SELENIA S.P.A. [IT/IT]; Piazzale V.
Tecchio, 51a, 1-80125 Napoli (IT).

(72) Inventors; and

(75) Inventors/Applicants (for US only) : BRESCIANI, Daniele
[IT/IT}; Via Marsigli, 96, 1-10141 Torino (IT). ZINGAR-
ELLI, Valerio [IT/IT]; Corso Marconi, 4, I-10125 Torino

1.

(74) Agents: QUINTERNO, Giuseppe et al.; Jacobacci-Casetta
& Perani S.p.A., Via Alfieri, 17, I-10121 Torino (IT).

(81) Designated States: AT (European patent), BE (European
patent), CH (European patent), DE (European patent),
DK (European patent), ES (European patent), FR (Eu-
ropean patent), GB (European patent), GR (European
patent), IT (European patent), JP, LU (European pa-
tent), MC (European patent), NL (European patent), SE
(European patent), US.

Published
With international search report.

(54) Title: A FREQUENCY-DISCRIMINATING DICHROIC STRUCTURE WITH A VARIABLE PASSBAND AND AP-

PLICATIONS THEREOF

(57) Abstract

The structure includes at least one substrate (2) of dielectric material, at least one face of which carries an orderly and
geometrically periodic array of elements of electrically conductive material or, in a converse manner, bears at least one layer (3)
of conductive material having an orderly and geometrically periodic array of holes (4). The structure is characterised in that con-
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A frequency-discriminating dichroic structure with a
variable passband and applications thereof

- The present invention relates to a dichroic structure
for the selective attenuation according to frequency of
incident electromagnetic waves the frequencies of which
fall outside a predetermined passband.

More specifically, the invention concerns a dichroic
structure including at 1least one substrate of
dielectric material, at least one face of which bears
an orderly and geometrically periodic array of elements
of an electrically conductive material or a layer of
conductive material having an orderly and geometrically
periodic array of holes.

For example, such a dichroic structure considerably
increases the communication capacity of a system having
an antenna with reflectors, enabling it to operate at
several frequencies. This drastically reduces the
weight, bulk and cost of an antenna system, which
advantages are of great importance for application to
satellite communications systems.

In the avionics field, however,
frequency-discriminating dichroic structures may be
used for forming radomes with well-defined transmission
bands.

The object of the present invention is to provide a
dichroic structure with a variable working
(transmission or reflection) band.

According to the invention, this object is achieved by
a dichroic structure of the type specified above,
characterised in that control means are associated with
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the substrate of dielectric material for varying the

dielectric or magnetic constant of the material so as
correspondingly to modify its working band.

In a first embodiment, the dielectric material used has
a dielectric or magnetic constant which is variable as
a result of the application of a potential difference
across the material and the control means are arranged
to apply a quasi-static, variable potential difference

across the dielectric substrate.

In a further embodiment, the dielectric material used
has a dielectric or magnetic constant which can be
varied significantly in dependence on its temperature
and the control means comprise heating means for
changing the temperature of the dielectric material.
The heating means may comprise means for generating a
high-frequency magnetic field to heat the dielectric
material by induction or may be resistive heating means
for changing the temperature of the dielectric material

by the Joule effect.

In a further embodiment, the dielectric material used,
has a dielectric or magnetic constant which can be
varied as a result of the application of mechanical
stress to the material, and the control means are
arranged accordingly to apply such mechanical stress to

the dielectric substrate material.

Further characteristics and advantages of the invention
will become clear from the detailed description which
follows with reference to the appended drawings,
provided purely by way of non-limiting example, in

which:
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Figure 1 is a perspective view of a quadrangular

portion of a dichroic structure according to a first

. embodiment of the invention,

Figure 2 1is a perspective view of a quadrangular
portion of another dichroic structure according to the

invention,

Figure 3 1is a perspective view of a quadrangular
portion of a dielectric material used in a dichroic
structure according to the invention, the portion

having induction heating means, and

Figure 4 is a graph showing schematically the
attentuation characteristic of a dichroic structure
according to the invention as a function of the

frequency shown on the abscissa.

In Figure 1, a portion of a dichroic ‘structure,
indicated 1, comprises a substrate 2 of dielectric
material with two layers 3 of electrically conductive
material, typically metal, on its faces. The layers 3
may be formed in any known manner and each has a
respective orderly and geometrically periodic array of
holes 4 which, in the embodiment shown by way of

example, are cross-shaped.

The substrate 2 is made of a dielectric material with a
dielectric constant € or a magnetic constant M
which can be varied as a result of the application of a
potential difference across the material. An example

of such a material is barium titanate.

The terminals of a variable voltage supply, indicated 5
in Figure 1, are connected to the two conductive layers




WO 92/16031 PCT/EP92/00386

4
of the dichroic structure.

,_ﬁariations of the voltage supplied by the supply 5 thus
vary the dielectric constant or the magnetic constant
of the material «constituting the substrate 2,
correspondingly shifting the passband of the dichroic
structure 1 as shown, for example, in Figure 4. This
drawing shows, by way of example, the curve of the
attenuation A of the electromagnetic waves incident
normally on the dichroic structure, as a function of

the frequency f£f.

When the potential difference or voltage supplied by
the supply 5 assumes a first value, the dichroic
structure shown in the drawing will have an attenuation
characteristic, for example, of the type indicated Ay
in Figure 4 with a central working frequency fl and a

bandwidth B, around that frequency.

1
When the potential difference or voltage supplied by
the supply 5 assumes a second value different from the
first, the dichroic structure will have an attenuation
characteristic with a shifted frequency, such as the
characteristic indicated A, in Figure 4, which has a

passband B2 centered on a working frequency f2.

Figure 1 described above relates to an embodiment of
the invention in which the passband of the dichroic
structure is shifted by the application of a
quasi-static voltage, that Iis, a voltage whose
variation with time takes place at a frequency much
lower than the working frequency of the dichroic

structure.

In Figure 2, which shows a variant, the same reference
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numerals have again been assigned to parts and elements

already described.

The dichroic structure of Figure 2 includes a substrate
2 of dielectric material whose dielectric or magnetic
constant can be varied sensitively as a result of
changes in the temperature of the material. A
conductive layer 3 applied to at least one face of the
dielectric substrate 2 has an orderly and geometrically
periodic array of holes 4. Alternatively, at least
one face of the dielectric substrate 2 could have a
converse conductive structure, that is, an orderly and
gebmetrically periodic array of elements of an
electrically conductive material whose shapes are
complementary to those of the holes 4 in the layer 3

shown in Figure 2.

A resistive element 6 which, in the embodiment
illustrated, has a serpentine shape is applied to the
face of the substrate 2 opposite that carrying the
conductive material 3. The terminals of the resistive
element 6 are connected to a variable supply 5.
Variations in the current flowing in the resistive
element 6 vary the heat dissipated by the Joule effect,
correspondingly varying the temperature of the material
constituting the substrate 2. The variation thus
induced in the dielectric constant and/or the magnetic
constant of the material causes a shift in the passband

of the dichroic structure 1.
Naturally, devices or systems other than that shown by
way of example may be used to heat the substrate 2 of

dielectric material by the Joule. effect.

Figure 3 shows a portion of a substrate 2 of dielectric
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material whose dielectric and/or magnetic constant can

vary appreciably as a result of a change in the
., temperature of the material. In the embodiment of
Figure 3, a conductive element 7 is wrapped around the
substrate 2 as a helix, its terminals conveniently
being connected to a high-frequency generator (not
shown) . The helix constituted by the element 7 heats

the dielectric sheet 2 by induction.

With the use of a substrate of the type shown in Figure
3 in a dichroic structure, the frequency passband of
the structure can be shifted at will or when necessary.

Other embodiments are possible in addition to those

shown by way of example in Figures 1 to 3.

Thus, for example, a material whose dielectric constant
can be varied as a result of the application of
mechanical stress may be used as a single or layered

dielectric substrate.

Examples of such materials are crystalline and
siliceous materials. In- this case, the passband of
the dichroic structure can also easily be shifted by

the application of mechanical stress thereto.

The dichroic structures with variable passbands
according to the invention may conveniently be used in
the antennae of telecommunications satellites or for
the construction of "stealth" radomes, that is, those
which cannot be detected by microwave radar.

Naturally, the principle of the invention remaining the
same, the forms of embodiment and details of
construction may be varied widely with respect to those
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described and illustrated purely by way of non-limiting

example, without thereby departing from the scope of
the present invention.
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CLAIMS

. 1. A dichroic structure for the selective attenuation
of incident electromagnetic waves the frequencies of
which fall outside a predetermined passband (B},
including at least one substrate (2) of dielectric
material, at least one face of which carries an orderly
and geometrically periodic array of elements of
electrically conductive material or, in a converse
manner, bears at least one layer of conductive material

(3) having an orderly and geometrically periodic array

of holes (4),

the structure being characterised in that control means
(5, 6; 7) are associated with the substrate (2) of
dlelectrlc material for varying the dielectric or
magnetlc constant of the material so as correspondingly

to modify its passband (B).

2. A dichroic structure according to Claim 1,
characterised in that the dielectric material has a
dielectric and/or magnetic constant which is variable
as a result of the application of a potential
difference across the material, and in that the control
means (5, Figure 1) are arranged to apply a variable
potential difference across the dielectric substrate

(2).

3. A dichroic structure according to Claim 2, including
at least one substrate (2) of a dielectric material
carrying on each face a layer of electrically
conductive material (3) with an orderly and periodic
array of holes (4), characterised in that the control
means comprise means (5) for applying a potential
difference across the conductive layers (3) on the at
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least one substrate (2) of dielectric material.

4. A dichroic structure according to Claim 1,
characterised in that the control means comprise
heating means (5, 6; 7) for varying the temperature of

the dielectric material (2).

5. A dichroic structure according to Claim 4,
characterised in that the heating means comprise means
(7) for generating a high-frequency magnetic field to
heat the dielectric material (2) by induction.

6. A dichroic structure according to Claim 4,
characterised in that Joule-effect heating means (5, 6)

are associated with the dielectric material (2).

7. A dichroic structure according to Claim 1,
characterised in that the control means are arranged to
vary the dielectric and/or magnetic constant of the
dielectric material (2) by the application of
mechanical stress to the substrate sheet (2).

8. The use of a dichroic structure according to one or
more of the preceding claims for forming a radome which

is not detectable by microwave radar.

9. The use of a dichroic structure according to one or
more of Claims 1 to 7 for forming an antenna for use on
a telecommunications satellite.
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