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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates, in general, to a
phased array with low-profile Ultra-Wide-Band (UWB) ra-
diating elements for Electronic Counter Measure (ECM)
applications, and, in particular, to a UWB low-profile sin-
uous slot antenna array for ECM applications.

BACKGROUND ART

[0002] As is known, ECM systems must cover an ex-
tremely wide band of the frequency spectrum (i.e., mul-
tiple octaves). Therefore, the electromagnetic sensors
exploited in such systems must be designed to cover a
frequency band of multiple octaves presenting very "flat"
Radio Frequency (RF) performances in terms of gain,
half-power beam-width and return loss level lower than
10 dB.

[0003] Furthermore, due to mechanical and environ-
mental constraints, ECM systems, especially for avionic
applications, require low-size, low-profile and mechani-
cally-robust electromagnetic sensors.

[0004] In particular, electromagnetic sensors, in order
to be exploitable in phased arrays for ECM applications,
must meet the following requirements:

* UWB frequency spectrum coverage (i.e., typically
3:1);

* high efficiency (typically higher than 50%);

* wide angular coverage sector stable with frequency
(typically =45° in both Elevation and Azimuth planes
at central frequency of operation);

e integration in very dense array lattice in order to min-
imize the presence of undesired grating lobes;

* low-size and low-profile structure (i.e., thickness of
radiating structure lower than Ay/4 at minimum fre-
quency of operation, where 1, denotes the wave-
length corresponding to the minimum frequency of
operation) in order to increase the system flush
mount capability on avionic platforms giving the pos-
sibility to design conformal arrays integrated into the
skin of the avionic platforms; and

e capability to receive instantaneously all the operat-
ing Horizontal, Vertical, and Left and Right Circular
polarizations of electromagnetic field (i.e., the so-
called "no blind" requirement).

[0005] InV.H. Rumsey, "Frequency independent an-
tennas", 1957 IRE National Convention Record, pp
114-118, March 1957, frequency-independent antennas
are described, which have unique RF performances, spe-
cifically gain flatness capability and pattern stability ver-
sus UWB operating frequency band (up to several oc-
taves), that make such antennas good candidates for
ECM phased arrays. Unfortunately, several drawbacks,
such as feeding structure complexity and frequency
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scaled dimensions (i.e., the impossibility to populate
"electrically-dense" array lattices), represent insur-
mountable obstacles to their use in ECM phased arrays.
[0006] Therefore, currently UWB end-fire radiating el-
ement structures, such as Tapered Slot Antennas (TSA),
Vivaldi antennas, etc., are used to populate phased ar-
rays for ECM applications instead of planar frequency-
independent antennas.

[0007] In this connection, figures 1, 2 and 3 show, re-
spectively, a perspective view, a side view and a top view
of a three-dimensional (3D) Computer-Aided Design
(CAD) model of an antenna array 10 of example based
on Vivaldi radiating elements.

[0008] Vivaldi radiating elements presents the follow-
ing two non-negligible drawbacks.

[0009] Firstly, Vivaldi radiating elements are not low-
profile elements (in fact, the current flows in the plane of
maximum radiation) and the total antenna height must
be at least equal to half of the wavelength at the lowest
operating frequency. Consequently Vivaldi elements
cannot be used to populate conformal apertures.
[0010] Secondly, in order to satisfy the no blind polar-
ization requirement, an additional item, i.e., a polarizer,
must be used to rotate the radiated field. In this way it is
possible to realize a no blind slant 45° polarization. On
the other hand, inevitably the presence of the polarizer
(and of its losses) lowers significantly the antenna effi-
ciency. In this connection, figure 4 shows a perspective
view of a 3D CAD model of a Vivaldi array 20 of example
with polarizer for slant 45° polarization.

[0011] Moreover, cavity backed sinuous slot antennas
are disclosed in MANNA A ET AL: "Novel UWB low-pro-
file sinuous slot antenna", ANTENNAS AND PROPAGA-
TION (EUCAP), PROCEEDINGS OF THE 5TH EURO-
PEAN CONFERENCE ON, IEEE, 11 April 2011
(2011-04-11), pages 783-786.

OBJECT AND SUMMARY OF THE INVENTION

[0012] The object of the present invention is therefore
that of providing an antenna array which, in general,
meets all the previously-listed ECM requirements and,
thence, is exploitable in phased arrays for ECM applica-
tions, and, in particular, which merges the respective ad-
vantages of TSA antennas and frequency-independent
antennas avoiding, at the same time, the respective
drawbacks previously described.

[0013] This objectis achieved by the present invention
in that it relates to an antenna system, as defined in the
appended claims.

[0014] In particular, the present invention relates to an
antenna system for Electronic Counter Measures, which
antenna system comprises a flat antenna array of three
or more sinuous slot antennas arranged so as to form a
triangular array lattice. The flat antenna array has a
closed peripheral edge. Each sinuous slot antenna in-
cludes a respective feeding structure arranged on a bot-
tom surface of the flat antenna array.
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[0015] The antenna system according to the present
invention further comprises a hollow metallic structure,
which includes:

e abase having a closed peripheral edge;

* aclosed side wall rising from the closed peripheral
edge of the base up to a given height where said
closed side wall ends with a closed top edge; and

e a hollow defined by said base and said closed side
wall.

[0016] The hollow is superiorly closed by the flat an-
tenna array whose closed peripheral edge is fixed on or
to the closed top edge of the hollow metallic structure
and whose bottom surface faces the hollow.

[0017] The antenna system according to the present
invention further comprises a foam spacer which fills the
hollow and keeps the sinuous slot antennas spaced apart
from the base of the given height.

[0018] The given heightis equal to a quarter of a wave-
length corresponding to a central operating frequency of
the antenna array.

[0019] The antenna system according to the present
invention further comprises an absorbing sheet that cov-
ers the base on the bottom of the hollow, said absorbing
sheet being designed to absorb surface currents on the
base on the bottom of the hollow.

[0020] For each sinuous slot antenna, the hollow me-
tallic structure further includes:

e a corresponding reflecting tapered element, which
protrudes from the base through the absorbing sheet
and the foam spacer into the hollow, is arranged be-
low said sinuous slot antenna, and is designed to
reflect back-radiation from said sinuous slot anten-
na; and

e acorresponding feeding turret, which protrude from
the base through the absorbing sheet and the foam
spacer into the hollow up to the feeding structure of
said sinuous slot antenna, and which is coupled with
the feeding structure of said sinuous slot antenna.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Forabetter understanding of the presentinven-
tion, preferred embodiments, which are intended purely
by way of example and are not to be construed as limiting,
will now be described with reference to the attached
drawings (all not to scale), wherein:

* Figures 1, 2 and 3 show, respectively, a perspective
view, a side view and a top view of an antenna array
based on Vivaldi radiating elements;

*  Figure 4 shows a Vivaldi array with polarizer for slant
45° polarization;

*  Figure 5 schematically illustrates the geometry of a
single sinuous arm of a known planar sinuous an-
tenna;
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* Figure 6 schematically shows a sinuous slot struc-
ture of a known sinuous slot antenna;

e Figures7aand 7b show, attwo different detail levels,
a feeding structure for the sinuous slot structure
shown in Figure 6;

e Figures 8a and 8b show, respectively, a known sin-
uous slot antenna based on the sinuous slot struc-
ture and the feeding structure shown in Figures 6,
7a and 7b, and a 90° RF transition structure of said
known sinuous slot antenna;

* Figure 9 shows a perspective view of an antenna
system according to a first preferred embodiment of
the present invention;

e Figure 10 shows an exploded view of the antenna
system of Figure 9;

* Figures 11a and 11b show, respectively, a top sur-
face and a bottom surface of a component of the
antenna system of Figures 9 and 10;

* Figure 12 shows lattice distances of antenna ele-
ments of the antenna system of Figures 9 and 10;

* Figure 13 shows a perspective view of another com-
ponent of the antenna system of Figures 9 and 10;

e Figure 14 shows a modular antenna array based on
the antenna system of Figures 9 and 10;

e Figure 15 shows a sinuous slot antenna array of an
antenna system according to a second preferred em-
bodiment of the present invention; and

e Figures 16 and 17 show, respectively, average gain
of a single element and scan losses of the antenna
system according to the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS OF THE INVENTION

[0022] The following discussion is presented to enable
a person skilled in the art to make and use the invention.
Various modifications to the embodiments will be readily
apparent to those skilled in the art, without departing from
the scope of the present invention as claimed. Thus, the
present invention is not intended to be limited to the em-
bodiments shown and described, but is to be accorded
the widest scope consistent with the principles and fea-
tures disclosed herein and defined in the appended
claims.

[0023] In particular, in the following the present inven-
tion, that concerns an antenna system for ECM applica-
tions, will be described by making explicit reference to
RF transmission without this implying any loss of gener-
ality. In fact, the antenna system according to present
invention, even if its operation will be described with ex-
plicit reference to transmission, can operate, without the
need of modifications, also as a receiving system accord-
ing to the well-known reciprocity principle.

[0024] The present invention stems from Applicant’s
idea of exploiting, as radiating elements of a phased array
for ECM applications, sinuous slot antennas.

[0025] As is known (in this connection reference may,
for example, be made to United States Patent US
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4,658,262), a sinuous antenna comprises an array of N
identical sinuous arms (with N>1), for example N sinuous
metal strips, which lie on a common surface, extend out-
wardly from a common point and are arranged symmet-
rically onthe common surface atintervals of 360°/N about
a central axis containing the common point. In other
words, the array of N identical sinuous arms has a rota-
tional symmetry with respect to (i.e., around) the central
axis such that a rotation of 360°/N degrees about said
central axis leaves the overall sinuous structure un-
changed. The sinuous arms have widths which increase
with distance from the common point. Conveniently, the
common surface can be planar or conical or pyramidal.
[0026] More in detail, each antenna arm comprises P
cells of bends and curves, wherein said cells are scaled
in size one with respect to another and are numbered
from 1to P, where 1is the outermost cell thatis the largest
one, and P is the innermost cell that is the smallest one.
The outside and inside radii of the generic pth cell (with
1<p<P), measured from the common point, are respec-
tively denoted as Rp and R, and are related by a first
design parameter Tps which is a positive number lower
than 1 and defines the ratio between the inside radius
Rer1 and the outside radius Rp, i.e., it results that
Tp=Rp+1/Rp.

[0027] In order for the geometry of a sinuous arm to
be better understood, figure 5 schematically illustrates
the geometric structure of a single sinuous arm of a planar
sinuous antenna with respect to a two-dimensional (2D)
reference system of polar coordinates rand ¢ centred on
a point C that is the common point from which the N
sinuous arms of the planar sinuous antenna extend.
[0028] In particular, with reference to figure 5, the
equation for the curve of the pth cell is given by:

o (180In{r/R,)
¢=(-D"a,sin ———— 1,
Tp

with R4 <r <R, and where o, denotes a second design
parameter, which is a positive number and defines the
angular width of the pth cell.

[0029] If o and 7, are constant for all the cells, namely
if they are independent of p, the curve is a log-periodic
function of the logarithm of the radius r and, thence, sat-
isfies the log-periodic principle; otherwise, namely if ap
and Tp are not independent of p, the curve can be referred
to as a quasi-log-periodic curve.

[0030] The sinuous arm is then generated considering
a third design parameter 6 that denotes a certain number
of degrees defining the swing of the sinuous curve to
create an arm:

_(180mn(+/R,)
¢=(D"a,sin ————£5,

Tp
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with, again, Rp+1 < r_<Rp.

[0031] Itis important to highlight that the bandwidth of
the sinuous antenna depends mainly on the physical size
of the sinuous curve. In particular, the external maximum
radius Ry and the internal minimum radius R, are strictly
related to, respectively, the lowest operating frequency
fiow @nd the highest operating frequency f,;y, so that it
results that:

~ }“low /4
a,+0

ingh /4

R, ,
ap+9

and Rp

where 2, and A, denote, respectively, the wavelength
associated with the lowest operating frequency f,,, and
the wavelength associated with the highest operating fre-
quency fpigp.

[0032] For a sinuous antenna in slot version, i.e., with
N sinuous slots in place of the N sinuous arms, the basic
sinuous design rules previously described are still valid.
[0033] Aspreviouslysaid, the presentinvention relates
to the use, in order to realize a phased arrays for ECM
applications, of a sinuous slotantennaarray, i.e., an array
of sinuous slot antennas.

[0034] In particular, an antenna system for ECM
phased arrays according to a preferred embodiment of
the present invention, comprises a sinuous slot antenna
array based on a sinuous slotantenna whichis presented
and described in A. Manna, P. Baldonero, F. Trotta, "Nov-
el UWB Low-Profile Sinuous Slot Antenna", Proceedings
of 5th European Conference on Antennas and Propaga-
tion (EUCAP), Rome, 11-15 April 2011, and which is a
"quasi" frequency-independent antenna, has all the ad-
vantages of frequency-independent antennas, and has
also a unique extremely-simple feeding structure.
[0035] In this connection, reference is made to figure
6 which shows the sinuous slot structure (indicated as a
whole by 30) proposed in “Novel UWB Low-Profile Sin-
uous Slot Antenna”.

[0036] In particular, the sinuous slot structure 30 is de-
signed to operate in 6-18 GHz frequency band and com-
prises:

* twosinuousslots (i.e., N=2) 31 and 32, each of which
can be obtained by rotating the other sinuous slot of
180° around a central point O from which the radii
of the cells are measured; and

* a straight feeding slot 33 that connects the smallest
cells"P" (i.e., the innermost cells) of the sinuous slots
31 and 32 and is centered with respect to the central
point O (i.e., the central point O is substantially me-
dian with respect to the straight feeding slot 33).

[0037] In detail, the sinuous slot structure 30 is based
on the following parameters:

* Ry=12mm;
* Rp=1.5mm;
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e o=50°%
e $=10°and
* sixteen cells per arm (i.e., P=16).

[0038] Forthe sinuous slot structure 30 a linear growth
of the sinuous slots 31 and 32 has been chosen in order
to guarantee a constant cell width similarly to an Archime-
dean spiral.

[0039] More in detail, the sinuous slot antenna de-
scribed in the afore-mentioned paper is realized by:

* providing a thin disc-shaped dielectric element hav-
ing a front planar surface and a back planar surface,
wherein both said surfaces are metalized, i.e., cov-
ered by metallizations;

e cuttingthe sinuous slot structure 30 in the frontplanar
surface of the disc-shaped dielectric element so that
the straight feeding slot 33 is centered with respect
to the centre of the disc-shaped dielectric element
(said centre being, thence, median with respect to
said straight feeding slot 33); and

* making on the back planar surface of the disc-
shaped dielectric element a feeding structure for
feeding the sinuous slot structure 30 through the
straight feeding slot 33, wherein making the feeding
structure includes removing the metallization (s)
from the areas of the back planar surface not occu-
pied by said feeding structure so as to expose the
underlying dielectric.

[0040] Conveniently, the disc-shaped dielectric ele-
ment may be, for example, obtained from a Rogers
RT/duroid® 5880 laminate with a thickness of 0.254 mm.
[0041] From figure 6 it is possible to note that the sin-
uous slot structure 30 does not exploit all the area avail-
able on the front and back surfaces of the dielectric ele-
ment. Such strategy seems to be disadvantageous due
to the lower total length of the external cells that conse-
quently resonate at higher minimum frequency. In reality
such choice hides a very attractive advantage, namely
the possibility of exploiting the free metallic part of the
front planar surface of the disc-shaped dielectric element
as a ground plane for a microstrip printed on the back
planar surface of the disc-shaped dielectric element. In
this way it is possible to feed the sinuous slots 31 and 32
by means of a microstrip ending with a UWB fan-shaped
open stub that causes the RF signal to flow into the
straight feeding slot 33 and, then, into the sinuous slots
31 and 32.

[0042] In order for the feeding structure of the sinuous
slot structure 30 to be better understood, reference is
made to figures 7a and 7b, wherein the figure 7a shows
the back planar surface (indicated by 40) of the disc-
shaped dielectric element and the figure 7b is a zoomed
view of a central region of said back planar surface 40
extending around a central point O’ thereof (in figures 7a
and 7b the disc-shaped dielectric element is not shown
for the sake of illustration clarity).
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[0043] As showninfigures 7a and 7b, on the back pla-
nar surface 40 a feeding structure 41 is realized, which
includes a feeding line 42 in the form a straight strip that:

* radially extends from the central point O’ in a median
position with respect to the straight feeding slot 33
(namely the central point O’ is median with respect
to the straight feeding slot 33);

* is perpendicular to the straight feeding slot 33;

* has a predefined width W,,, parallelly to the straight
feeding slot 33; and

e ends, atthe central point O’, with a fan-shaped open
stub 43.

[0044] In particular, the straight feeding line 42 and the
fan-shaped open stub 43 extend from opposite sides of
the straight feeding slot 33 and have one and the same
axis of symmetry thatis perpendicular to the straight feed-
ing slot 33 and passes through the central point O’.
[0045] As previously said, in the making of the feeding
line 42 and of the fan-shaped open stub 43, the metalli-
zation(s) in the areas of the back planar surface 40 not
occupied by said feeding line 42 and by said fan-shaped
open stub 43 is/are removed so as to expose the under-
lying dielectric. In other words, after the making of the
feeding line 42 and of the fan-shaped open stub 43, on
the back planar surface 40 of the disc-shaped dielectric
element only the metallization(s) defining said feeding
line 42 and said fan-shaped open stub 43 are present,
while the dielectric is exposed in the rest of said back
planar surface 40.

[0046] Conveniently, in order to minimise reflection
due to mismatch between the feeding structure 41 and
the sinuous slot structure 30, the width W ,, of the feeding
line 42 and the radius Rg and the angular size 6 of the
fan-shaped open stub 43 (measured, respectively, from
the central point O’, and with respect to the axis of sym-
metry or to the straight feeding slot 33) can be optimised
to achieve a return loss lower than -15 dB in the 6-18
GHz frequency band.

[0047] Since, the sinuous slot structure 30 has a bidi-
rectional radiation pattern, namely, in use, it radiates for-
ward and backward, a proper metallic back cavity is need-
ed. Fora 3:1 frequency band itis possible to easily exploit
the back-radiation by means of a metallic cavity spaced
apart from the the top planar surface of about 1y/4 at
central frequency of operation (where A, denotes the
wavelength corresponding to the central frequency of op-
eration). Furthermore the cavity is designed also to prop-
erly feed the feeding structure 41 and, thence, the sinu-
ous slot structure 30 by means of a RF transition struc-
ture.

[0048] In order for the RF transition structure to be bet-
ter understood, reference is made to figures 8a and 8b,
wherein the figure 8a is a perspective view of the overall
sinuous slot antenna (indicated as a whole by 50) pro-
posedin "Novel UWB Low-Profile Sinuous Slot Antenna"
and the figure 8b is a zoomed perspective view only of
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a 90° RF transition structure (indicated as a whole by 60)
employed in said sinuous slot antenna 50.

[0049] In particular, the 90° RF transition structure 60
comprises a GPO® connector (exploited due to small
size of the antenna 50). In detail, the pin of the GPO®
connector bead is soldered on the the top planar surface
(indicated by 51) of the sinuous slot antenna 50. Thus,
by means of metallic via hole, the RF signal travels
through the feeding line 42 up to the straight feeding slot
33.

[0050] The sinuous slot antenna proposed in "Novel
UWB Low-Profile Sinuous Slot Antenna" presents excel-
lent RF performances in terms of gain at boresight, half-
power beam-width and return loss level.

[0051] As far as the present invention is concerned,
figures 9 and 10 show respectively:

e aperspective view of a 3D CAD model of an antenna
system (in both figures 9 and 10 indicated as a whole
by 70) according to a first preferred embodiment of
the present invention; and

e an exploded view of the antenna system 70.

[0052] The antenna system 70 is designed to cover a
3:1frequency band directly in slant 45° polarization (with-
out the need of a polarizer), specifically it is designed to
operate in 6-18 GHz frequency band thereby being a
UWB antenna system.

[0053] As shown infigures 9 and 10, the antenna sys-
tem 70 includes:

e asinuous slot antenna array 71;
e afoam spacer 72; and
e a hollow metallic structure 73.

[0054] Inparticular, the hollow metallic structure 73 has
a hollow 731 which is superiorly closed, i.e., stopped, by
the sinuous slot antenna array 71 and the foam spacer
72 fills said hollow 731.

[0055] In detail, the sinuous slot antenna array 71 in-
cludes:

e adielectric sheet having a top surface 711, a bottom
surface and a closed peripheral edge, wherein the
top surface 711 is metalized; and

* twelve sinuousslot antennas 712 made, i.e., formed,
in the dielectric sheet, specifically each in a respec-
tive portion of the dielectric sheet, and arranged so
as to form a triangular array lattice with two rows of
six elements.

[0056] It is important to highlight the fact the number
of the sinuous slot antennas can be different from twelve.
Indeed, it can be equal to, or higher than, three so as to
allow a triangular mesh arrangement of the sinuous slot
antennas.

[0057] Preferably, each of the sinuous slot antennas
712includes the sinuous slot structure 30 and the feeding
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structure 41 proposed in "Novel UWB Low-Profile Sinu-
ous Slot Antenna" and previously described. But, differ-
ently from "Novel UWB Low-Profile Sinuous Slot Anten-
na", in the antenna system 70 the twelve sinuous slot
antennas 712 are printed on one and the same dielectric
sheet and, thence, the antenna system 70 is designed
so as to take into account and properly manage the mu-
tual coupling between the sinuous slot antennas 712.
[0058] In this connection, figures 11a and 11b show
respectively:

¢ the top surface 711 of the dielectric sheet where the
twelve sinuous slot structures 30 of the twelve sinu-
ous slot antennas 712 are printed; and

* thebottom surface (indicated by 713) of the dielectric
sheet where the twelve feeding structures 41 of the
twelve sinuous slot antennas 712 are printed.

[0059] As previously described, each feeding structure
41 includes the straight feeding line 42 ending, at a first
end, with the fan-shaped open stub 43 and, at a second
end, with an end portion designed for 90° RF transition
coupling.

[0060] Furthermore, in order to minimize the presence
of grating lobes, a triangular array lattice has been cho-
sen. In this connection, figure 12 shows the lattice dis-
tances selected as a good tradeoff between single ele-
ment allotted area (i.e., the wider is the area, the lower
is the operating minimum frequency) and the presence
of grating lobes. In particular, as shown in figure 12, ad-
jacent sinuous slot antennas 712 arranged along one
and the same row are spaced apart (in particular the cent-
ers of said adjacent sinuous slot antennas 712 are
spaced apart) of dj, = 3/2 L, and the rows are placed
side by side not aligned so as to form the triangular array
lattice and are spaced apart (in particular the axes con-
taining the centers of the respective sinuous slot anten-
nas 712) are spaced apart of dg; =7/6 A, where A,
denotes the wavelength corresponding to the lowest op-
erating frequency at which the antenna system 70 is de-
signed to operate, i.e., to transmit and receive.

[0061] With the presented lattice the sinuous slot an-
tenna array 71 covers a frequency band wider than one
octave (i.e., 3:1).

[0062] Again with reference to figures 9 and 10, the
sinuous slot antenna array 71 is arranged so as to supe-
riorly close, i.e., stop, the hollow 731 of the hollow metallic
structure 73 and so that the bottom surface 713 of the
dielectric sheet faces said hollow 731. The foam spacer
72 (for example ROHACELL® 71HF) is inserted in the
hollow 731 to guarantee the correct distance between
the sinuous slot antenna array 71 and the bottom of the
hollow 731.

[0063] Moreover, figure 13 shows a perspective view
of the hollow metallic structure 73, which includes:

e a base 732 that has a closed peripheral edge and
has a size and a shape substantially corresponding
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to the size and the shape of the sinuous slot antenna
array 71, in particular of the dielectric sheet;

e aclosed side wall 733 rising, i.e., upwardly extend-
ing, from the closed peripheral edge of the base 732
up to a given height H where said closed side wall
733 ends with a closed top edge corresponding to
the closed peripheral edge of the dielectric sheet;

e the hollow 731 defined by said base 732 and said
closed side wall 733;

* reflecting tapered elements 734 which protrude from
the base 732 through the foam spacer 72 into the
hollow 731, are shaped substantially like domes or
circular cones or truncated circular cones, and are
arranged, each, in a respective position correspond-
ing to the position of a corresponding sinuous slot
antenna 712 on the dielectric sheet thereby forming,
all together, a triangular array lattice corresponding
to the triangular array lattice formed by the twelve
sinuous slot antennas 712; and

» feedingturrets 735 which protrude from the base 732
through the foam spacer 72 into the hollow 731 up
to the given height H, which are arranged, each, in
a respective position corresponding to the position
of the end portion of the feeding line 42 of a corre-
sponding sinuous slot antenna 712 on the bottom
surface 713 of the dielectric sheet, and which end at
the given height H, each, with a respective connec-
tion portion designed to form with the end portion of
the feeding line 42 of the corresponding sinuous slot
antenna 712 a 90° RF transition coupling based on
a metallic via hole propagation of the RF signals be-
tween said respective connection portion and said
end portion of the feeding line 42.

[0064] Furthermore, an absorbing sheet of an absorb-
ing material covers the base 732 on the bottom of the
hollow 731, wherein the reflecting tapered elements 734
and the feeding turrets 735 protrude from the base 732
into the hollow 731 through the absorbing sheet and the
foam spacer 72.

[0065] Again with reference to figure 9, in the antenna
system 70 the closed peripheral edge of the dielectric
sheet of the sinuous slot antenna array 71 is fixed, for
example glued, on or to the closed top edge of the closed
side wall 733 of the hollow metallic structure 73 so as to
close, i.e., stop, the hollow 731 and so that the bottom
surface 713 of the dielectric sheet faces said hollow 731.
[0066] Conveniently,thebase 732, the closed side wall
733 and the reflecting tapered elements 734 are made
integrally in one piece of a metallic material.

[0067] Preferably, each of the connection portions of
the feeding turrets 735 includes the 90° RF transition
structure 60 with the GPO® connector proposed in "Nov-
el UWB Low-Profile Sinuous Slot Antenna" and previ-
ously described.

[0068] As shown in figures 10 and 13, the hollow me-
tallic structure 73 has no internal metallic walls protruding
into the hollow 731 and thus a particular attention has
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been paid in the design of such an item.
[0069] Furthermore, the presence and the shape of the
reflecting tapered elements 734 have a twofold aim:

* reflect efficiently the antenna back radiation to
achieve an unidirectional array pattern; and
¢ avoid the presence of internal spurious resonances.

[0070] Moreover, the absorbing sheet is arranged on
the bottom of the hollow 731 in order to, in use, absorb
surface currents thereon (i.e., on the bottom of the hollow
731, namely on the base 732) and avoid destructive back
radiations.

[0071] Conveniently, the given height H of the closed
side wall 733 and of the feeding turrets 735 is equal to
Ao/4, where Ay denotes the wavelength at the central op-
erating frequency f, at which the antenna system 70 is
designed to operate, i.e., to transmit and receive. The
foam spacer 72 fills the hollow 731 so as to keep the
sinuous slot antenna array 71 and the bottom of the hol-
low 731 spaced apart of the given height H. This given
height H, which, thence, is substantially the height of the
overall antenna system 70, causes said antenna system
70 to have a low profile.

[0072] Conveniently, the sinuous slot antenna array
71, the foam spacer 72 and the hollow metallic structure
73 are glued together by means of structural adhesive
(for example Araldite AV138) to guarantee structural ro-
bustness.

[0073] A further important feature of the antenna sys-
tem 70 is the shape, in particular the side profile, of said
antenna system 70. In fact, the side profile of the base
732, of the closed side wall 733 and of the sinuous slot
antenna array 71 is substantially sinusoidal so as to allow
two or more antenna systems 70 to be placed side by
side toform a modular structure. In this connection, figure
14 shows a modular array of twenty-four sinuous slot
elements realized using two "twelve-sinuous-slot-ele-
ments arrays", in particular two antenna systems 70 in
which no changes in inter-distances between elements
and no modifications of the mechanics (i.e., of the hollow
metallic structure 73) have been introduced.

[0074] Furthermore, a second preferred embodiment
of the present invention relates to an antenna system
which differs from the antenna system 70 according to
the first preferred embodiment only in the sinuous slot
antenna array.

[0075] Inparticular, according to said second preferred
embodiment of the present invention, the sinuous slot
structures of sinuous slot antennas arranged along one
and the same row are connected.

[0076] In this connection, figure 15 shows a sinuous
slot antenna array 80 of an antenna system according to
the second preferred embodiment of the present inven-
tion, said sinuous slot antenna array 80 comprising two
rows of six sinuous slot antennas 81 each having a re-
spective sinuous slot structure 82 with two sinuous slots
(similar to the sinuous slot structure 30 previously de-
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scribed).

[0077] Asshowninfigure 15, the sinuous slot structure
82 of each sinuous slot antenna 81 having two adjacent
sinuous slot antennas 81 along one and the same row
has:

* the largest and outermost cell (i.e., the cell "1") of
one of its two sinuous slots connected to the largest
and outermost cell of a sinuous slot of one of the two
adjacent sinuous slot antennas 81; and

e the largest and outermost cell (i.e., the cell "1") of
the other of its two sinuous slots connected to the
largest and outermost cell of a sinuous slot of the
other of the two adjacent sinuous slot antennas 81.

[0078] In this way, each single sinuous slot antenna
81 is loaded with the surrounding ones, the total electrical
length of the antenna grows significantly and, thence, the
minimum operating frequency lowers.

[0079] In figure 16 the average gain of single element
of the antenna system 70 at boresight versus frequency
is shown. In particular, the graph shown in figure 16 has
been calculated measuring all twelve elements pattern
once at time with the other elements loaded to 50 Ohm.
Then, by means of post-processing, the element average
gain at boresight has been obtained.

[0080] Moreover, in figure 17 the scan losses of the
antenna system 70 at four particular steering points ver-
sus frequency are shown. The scan points are respec-
tively (Az, El) = (30°,0°), (45°,0°), (0°, 30°) and (0°, 45°).
The curves shown in figure 17 represent the "losses" of
array gain at the previously listed steering points com-
pared to boresight.

[0081] The advantages of the present invention are
clear from the foregoing. In particular, it is worth high-
lighting the fact that the present invention can be advan-
tageously exploited to make phased arrays which fully
meet ECM requirements, namely which present all the
following features:

* UWB frequency spectrum coverage (i.e., 3:1);

* high efficiency;

* wide angular coverage sector stable with frequency;
e integration in very dense array lattice thereby mini-
mizing the presence of undesired grating lobes;

* low-size and low-profile structure thereby increasing
the system flush mount capability on avionic plat-
forms giving the possibility to design conformal ar-
rays integrated into the skin of the avionic platforms;
and

e capability to receive instantaneously all the operat-
ing Horizontal, Vertical, and Left and Right Circular
polarizations.

[0082] Finally, it is clear that numerous modifications
and variants can be made to the present invention, all
falling within the scope of the invention, as defined in the
appended claims.
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Claims

1. An antenna system (70) for Electronic Counter
Measures, comprising a flat antenna array (71;80)
of three or more sinuous slot antennas (712;81) ar-
ranged so as to form a triangular array lattice; where-
in the flat antenna array (71;80) has a closed periph-
eral edge; wherein each sinuous slot antenna
(712;81) includes a respective feeding structure (41)
arranged on a bottom surface (713) of the flat anten-
na array (71;80);
the antenna system (70) further comprising a hollow
metallic structure (73), which includes:

+ a base (732) having a closed peripheral edge;
+ a closed side wall (733) rising from the closed
peripheral edge of the base (732) up to a given
height (H) where said closed side wall (733)
ends with a closed top edge; and

* a hollow (731) defined by said base (732) and
said closed side wall (733);

wherein the hollow (731) is superiorly closed by the
flat antenna array (71;80) whose closed peripheral
edge is fixed on/to the closed top edge of the hollow
metallic structure (73) and whose bottom surface
(713) faces the hollow (731);

the antenna system (70) further comprising a foam
spacer (72) which fills the hollow (731) and keeps
the sinuous slot antennas (712;81) spaced apart
from the base (732) of the given height (H);
wherein the given height (H) is equal to a quarter of
a wavelength corresponding to a central operating
frequency of the antenna array (71;80);

wherein an absorbing sheet covers the base (732)
on the bottom of the hollow (731), said absorbing
sheet being designed to absorb surface currents on
the base (732) on the bottom of the hollow (731);
and wherein, for each sinuous slot antenna (712;81),
the hollow metallic structure (73) further includes a
corresponding feeding turret (735), which protrudes
from the base (732) through the absorbing sheetand
the foam spacer (72) into the hollow (731) up to the
feeding structure (41) of said sinuous slot antenna
(712;81), and which is coupled with the feeding struc-
ture (41) of said sinuous slot antenna (712;81);

the antenna system (70) being characterized in
that, for each sinuous slot antenna (712;81), the hol-
low metallic structure (73) further includes a corre-
sponding reflecting tapered element (734), which
protrudes from the base (732) through the absorbing
sheet and the foam spacer (72) into the hollow (731),
is arranged below said sinuous slot antenna
(712;81), and is designed to reflect back-radiation
from said sinuous slot antenna (712;81).

2. The antenna system of claim 1, wherein the triangu-
lar array lattice comprises two or more rows of sin-
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uous slot antennas (712;81);

wherein adjacent sinuous slot antennas (712;81) in
one and the same row are spaced apart of a first
distance equal to three halves of a wavelength cor-
responding to the lowest operating frequency of the
antenna array (71;80);

and wherein adjacent rows are spaced apart of a
second distance equal to seven sixths of the wave-
length corresponding to the lowest operating fre-
quency of the antenna array (71;80).

The antenna system according to claim 1 or 2,
wherein the flat antenna array (71;80) includes a di-
electric sheet having a top surface (711) and a bot-
tom surface (713);

wherein the top surface (711) of the dielectric sheet
is metalized;

wherein each sinuous slot antenna (712;81) is made
in a respective portion of the dielectric sheet;

and wherein the feeding structures (41) of the sinu-
ous slot antennas (712;81) are formed on the bottom
surface (713) of the dielectric sheet.

The antenna system according to any preceding
claim, wherein the feeding structure (41) of each sin-
uous slot antenna (712;81) includes an end portion
designed for 90° Radio Frequency transition;

and wherein each feeding turret (735) includes a
connection portion, which is designed for 90° Radio
Frequency transition and which is coupled with the
end portion of the feeding structure (41) of the cor-
responding sinuous slot antenna (712;81).

The antenna system according to any preceding
claim, wherein each sinuous slot antenna (712) in-
cludes a respective sinuous slot structure (30); and
wherein the sinuous slot structures (30) of different
sinuous slot antennas (712) are not connected.

The antenna system according to any claim 1-4,
wherein each sinuous slot antenna (81) includes a
respective sinuous slot structure (82);

wherein the triangular array lattice comprises two or
more rows of sinuous slot antennas (81);

and wherein the sinuous slot structures (82) of the
sinuous slot antennas (81) in one and the same row
are connected.

The antenna system of claim 6, wherein the sinuous
slot structure (82) of each sinuous slot antenna (81)
includes two sinuous slots;

and wherein the sinuous slot structure (82) of each
sinuous slot antenna (81) adjacent to two sinuous
slot antennas (81) in one and the same row has:

 the outermost cell of one of its two sinuous
slots connected to the outermost cell of a sinu-
ous slot of one of the two adjacent sinuous slot
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10.

1.

12.

antennas (81); and
« the outermost cell of the other of its two sinuous
slots connected to the outermost cell of a sinu-
ous slot of the other of the two adjacent sinuous
slot antennas (81).

The antenna system according to any preceding
claim, wherein the flat antenna array (71;80) is a pla-
nar or conformal antenna array.

A modular antenna system comprising several an-
tenna systems (70) as claimed in any preceding
claim; wherein the antenna systems (70) are placed
side by side thereby forming a modular antenna
structure.

The modular antenna system of claim 9, wherein the
side profile of each antenna system (70) is sinusoi-
dal.

A phased array system for Electronic Counter Meas-
ures, comprising the antenna system (70) claimed
in any claim 1-8 or the modular antenna system
claimed in claim 9 or 10.

An Electronic Counter Measure system comprising
the antenna system (70) claimed in any claim 1-8 or
the modular antenna system claimedin claim 9 or 10.

Patentanspriiche

1.

Antennensystem (70) fur elektronische
Gegenmallnahmen, eine flach-Gruppenantenne
(71; 80) aus drei oder mehr gewundenen Schlitzan-
tennen (712; 81) aufweisend, die ein dreieckiges
Gruppen-Gitter bildend angeordnet sind; wobei die
Flach-Gruppenantenne (71; 80) einen geschlosse-
nen Umfangsrand hat; wobei jede gewundene
Schlitzantenne (712; 81) lber eine jeweilige Speise-
struktur (41) verfugt, die an einer unteren Flache
(713) der Flach-Gruppenantenne (71; 80) angeord-
net ist;

wobei das Antennensystem (70) dartiber hinaus ei-
ne hohle metallische Struktur (73) aufweist, die ver-
flgt Gber:

* eine Basis (732) miteinem geschlossenen Um-
fangsrand,

* eine geschlossene Seitenwand (733), die sich
vom geschlossenen Umfangsrand der Basis
(732) bis zu einer vorgegebenen Hohe (H) er-
hebt, in der die geschlossene Seitenwand (733)
mit einem geschlossenen oberen Rand endet;
und

» einen Hohlraum (731), der durch die Basis
(732) und die geschlossene Seitenwand (733)
bestimmt ist;
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wobei der Hohlraum (731) oben durch die Flach-
Gruppenantenne (71; 80) geschlossen ist, deren ge-
schlossener Umfangsrand auf/an dem geschlosse-
nen oberen Rand der hohlen metallischen Struktur
(73) befestigt ist, und deren Bodenflache (713) dem
Hohlraum (731) zugewandt ist;

wobei das Antennensystem (70) dartber hinaus ei-
nen Schaumstoffabstandhalter (72) aufweist, der
den Hohlraum (731) fullt und die gewundenen
Schlitzantennen (712; 81) von der Basis (732) mit
der vorgegebenen Hohe (H) beabstandet halt;
wobei die vorgegebene Hohe (H) gleich einem Vier-
tel einer Wellenlange ist, die einer mittleren Betriebs-
frequenz der Antennengruppe (71; 80) entspricht;
wobei eine absorbierende Schicht die Basis (732)
am Boden des Hohlraums (731) bedeckt, wobei die
absorbierende Schicht dazu konzipiert ist, Oberfla-
chenstréme an der Basis (732) am Boden des Hohl-
raums (731) zu absorbieren;

und wobei flir jede gewundene Schlitzantenne (712;
81) die hohle metallische Struktur (73) dartber hin-
aus Uber ein entsprechendes Speisetirmchen (735)
verfiigt, das von der Basis (732) durch die absorbie-
rende Schicht und den Schaumstoffabstandhalter
(72) in den Hohlraum (731) bis zur Speisestruktur
(41) der gewundenen Schlitzantenne (712; 81) vor-
ragt, und der mit der Speisestruktur (41) der gewun-
denen Schlitzantenne (712; 81) verbunden ist;
wobei das Antennensystem (70) dadurch gekenn-
zeichnet ist, dass fiir jede gewundene Schlitzan-
tenne (712; 81) die hohle metallische Struktur (73)
darlber hinaus Uber ein entsprechendes reflektie-
rendes, sich verjingendes Element (734) verfugt,
das von der Basis (732) durch die absorbierende
Schicht und den Schaumstoffabstandhalter (72) in
den Hohlraum (731) vorragt, unter der gewundenen
Schlitzantenne (712; 81) angeordnet und dazu kon-
zipiert ist, eine Ruckstrahlung von der gewundenen
Schlitzantenne (712; 81) zu reflektieren.

Antennensystem nach Anspruch 1, wobei das drei-
eckigen Gruppen-Gitter zwei oder mehr Reihen aus
gewundenen Schlitzantennen (712; 81) aufweist;
wobei benachbarte gewundene Schlitzantennen
(712;81) inein und derselben Reihe um einen ersten
Abstand voneinander beabstandet sind, der gleich
drei Halften einer Wellenlange ist, die der niedrigsten
Betriebsfrequenz der Gruppenantenne (71; 80) ent-
spricht;

und wobei benachbarte Reihen um einen zweiten
Abstand voneinander beabstandet sind, der gleich
sieben Sechstel der Wellenlange ist, die der nied-
rigsten Betriebsfrequenz der Gruppenantenne (71;
80) entspricht.

Antennensystem nach Anspruch 1 oder 2, wobei die
Flach-Gruppenantenne (71; 80) Uber eine dielektri-
sche Schicht mit einer Oberseite (711) und einer Un-
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10

terseite (713) verfugt;

wobei die Oberseite (711) der dielektrischen Schicht
metallisiert ist;

wobei jede gewundene Schlitzantenne (712; 81) in
einem jeweiligen Teilbereich der dielektrischen
Schicht hergestellt ist;

und wobei die Speisestrukturen (41) der gewunde-
nen Schlitzantennen (712; 81) auf der Unterseite
(713) der dielektrischen Schicht ausgebildet sind.

Antennensystem nach einem der vorhergehenden
Anspriiche, wobei die Speisestruktur (41) jeder ge-
wundenen Schlitzantenne (712; 81) Gber einen En-
dabschnitt verfligt, der zu einem 90°-Funkfrequenz-
Ubergang konzipiert ist;

und wobei jedes Speisetiirmchen (735) iber einen
Verbindungsabschnitt verfiigt, der zu einem 90°-
Funkfrequenziibergang konzipiert ist, und der mit
dem Endabschnitt der Speisestruktur (41) der ent-
sprechenden gewundenen Schlitzantenne (712; 81)
gekoppelt ist.

Antennensystem nach einem der vorhergehenden
Anspriiche, wobei jede gewundene Schlitzantenne
(712) Uber eine jeweilige gewundene Schlitzstruktur
(30) verfugt; und wobei die gewundene Schlitzstruk-
tur (30) von verschiedenen gewundenen Schlitzan-
tennen (712) nicht verbunden sind.

Antennensystem nach einem der Anspriiche 1 bis
4, wobei jede gewundene Schlitzantenne (81) Uiber
eine jeweilige gewundene Schlitzstruktur (82) ver-
fugt;

wobei das dreieckige Gruppen-Gitter zwei oder
mehr Reihen aus gewundenen Schlitzantennen (81)
aufweist;

und wobei die gewundenen Schlitzstrukturen (82)
der gewundenen Schlitzantennen (81) in ein und
derselben Reihe verbunden sind.

Antennensystem nach Anspruch 6, wobei die ge-
wundene Schlitzstruktur (82) jeder gewundenen
Schlitzantenne (81) Gber zwei gewundene Schlitze
verflgt;

und wobei die gewundene Schlitzstruktur (82) jeder
gewundenen Schlitzantenne (81) angrenzend an
zwei gewundene Schlitzantennen (81) in ein und
derselben Reihe:

« die duBerste Zelle eines ihrer zwei gewunde-
nen Schlitze an die duRerste Zelle eines gewun-
denen Schlitzes einer der zwei angrenzenden
gewundenen Schlitzantennen (81) angeschlos-
sen hat; und

« die dulRerste Zelle des anderen ihrer zwei ge-
wundenen Schlitze an die duRerste Zelle eines
gewundenen Schlitzes der anderen der zwei an-
grenzenden Schlitzantennen (81) angeschlos-
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sen hat.

Antennensystem nach einem der vorhergehenden
Anspriche, wobei es sich bei der Flach-Gruppenan-
tenne (71; 80) um eine planare oder konforme Grup-
penantenne handelt.

Modulares Antennensystem, mehrere Antennen-
systeme (70) nach einem der vorhergehenden An-
spriche umfassend; wobei die Antennensysteme
(70) nebeneinander angeordnet sind, wodurch eine
modulare Antennenstruktur gebildet ist.

Modulares Antennensystem nach Anspruch 9, wo-
bei das Seitenprofil jedes Antennensystems (70) si-
nusférmig ist.

Phasengesteuertes Gruppensystem fiir elektroni-
sche Gegenmaflnahmen, das Antennensystem (70)
nach einem der Anspriiche 1 bis 8 oder das modulare
Antennensystem nach Anspruch 9 oder 10 umfas-
send.

System fir elektronische Gegenmalnahmen, das
Antennensystem (70) nach einem der Anspriiche 1
bis 8 oder das modulare Antennensystem nach An-
spruch 9 oder 10 umfassend.

Revendications

Un systéme d’antennes (70), pour des contres me-
sures électroniques comprenant un réseau d’anten-
nes plates (71;80) de trois ou plus antennes a fentes
sinueuses (712;81) disposées de maniére a former
un treillis de réseau triangulaire; dans lequel le ré-
seau d’antennes plates (71,80) présente un bord pé-
riphérique fermé; dans lequel chaque antennes a
fentes sinueuses (712;81) inclus une structure d’ali-
mentation correspondante (41) disposée sur une
surface inférieure (713) du réseau d’antennes plates
(71; 80); le systéme d’antennes (70) comprenant en
plus une structure métallique creuse (73), qui com-
prend:

* une base (732) ayant un bord périphérique fer-
mé;

* une paroi latérale fermée (733) montante de-
puis le bord périphérique fermé de la base (732)
jusqu’a une certaine hauteur (H) la ou ladite pa-
roi latérale fermée (733) se termine par un bord
supérieur fermé; et

* une cavité (731) définie par ladite base (732)
et ladite paroi latérale fermée (733);

dans lequel la cavité (731) est fermée en partie su-
périeure par le réseau d’antennes plates (71; 80)
dont le bord périphérique fermé est fixée sur/au bord
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supérieur fermé de la structure métallique creuse
(73) et dont la surface du fond (713) fait face a la
cavité (731);

le systemes d’antennes (70) comprenant en plus une
entretoise en mousse (72) qui remplit la cavité (731)
et maintient les antennes a fentes sinueuses (712;
81) espacées de la base (732) de la hauteur donnée
(H);

dans lequel la hauteur donnée (H) est égale au quart
de longueur d’'onde correspondant a une fréquence
de fonctionnement centrale du réseau d’antennes
(71; 80);

dans lequel une feuille absorbante couvre la base
(732) sur le fond de la cavité (731), ladite feuille ab-
sorbante étant congue pour absorber les courants
de surface de la base (732) sur le fond de la cavité
(731); et dans lequel, pour chaque antenne a fente
sinueuse (712; 81), la structure métallique creuse
(73) comprend en plus une tourelle d’alimentation
correspondante (735), qui fait saillie a partir de la
base (732) a travers la feuille absorbante et I'entre-
toise en mousse (72) dans la cavité (731) jusqu’a la
structure d’alimentation (41) de ladite antenne afen-
tes sinueuses (712,81), et qui est couplée avec la
structure d’alimentation (41) de ladite antenne afen-
tes sinueuses (712,81);

Le systéme d’antennes (70) étant caractérisée en
ce que, pour chaque antenne a fentes sinueuses
(712,81), la structure métallique creuse (73) inclue
en plus un élément conique réfléchissant correspon-
dant (734), qui fait saillie a partir de la base (732) a
travers la feuille absorbante et I'entretoise en mous-
se (72) dans la cavité (731), est disposée sous ladite
antenne afentes sinueuses (712;81), etestdessinée
pour réfléchir le rayonnement arriére de la dite an-
tenne a fentes sinueuses (712;81),

Le systeme d’antennes selon la revendication 1,
dans lequel le treillis de réseau triangulaire com-
prend deux rangées ou plus d’antennes a fentes si-
nueuses (712;81); Dans lequel des antennes a fen-
tes sinueuses adjacentes (712,81) d'une seule et
unique rangée sont espacées les unes des autres
d’une premiére distance égale a trois demi-longueur
d’onde équivalente a la plus basse fréquence de
fonctionnement du réseau d’antennes;

Et dans lequel les rangées adjacentes sont espa-
cées les unes des autres d'une seconde distance
égale au 7/68Me de la longueur d’onde équivalente
a la plus basse fréquence de fonctionnement du ré-
seau d’antennes (71,80).

Le systeme d’antennes selon la revendication 1 ou
2, dans lequel le réseau d’antennes plates (71,80)
inclus une feuille diélectrique ayant une surface su-
périeure (711) et une surface inférieure (713); dans
lequel la surface supérieure (711) de la feuille dié-
lectrique est métallisée; dans lequel chaque antenne
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afentes sinueuses (712,81) est faite dans une partie
correspondante de la feuille diélectrique;

Et dans lequel les structures d’alimentation (41) des
antennes a fentes sinueuses (712;81) sont formées
sur la surface inférieure (713) de la feuille diélectri-
que. Le systéme d’antenne selon I'une quelconque
des revendications précédentes, dans lequel la
structure d’alimentation (41) de chaque antenne a
fentes sinueuses (712,81) inclus une partie finale
congue pour la transition des fréquences radio a 90°;
Et dans lequel chaque tourelle d’alimentation (735)
inclus une part de connexion, qui est congue pourla
transition de fréquence radio a 90° et qui est couplée
avec une partie finale de la structure d’alimentation
(41)del'antenne a fentes sinueuses correspondante
(712,81).

Le systeme d’antennes selon 'une quelconque re-
vendication précédente, dans lequel chaque anten-
ne afentes sinueuses (712) comprend une structure
a fentes sinueuses corresponde (30), et dans lequel
les structures des différentes antennes a fentes si-
nueuses (712) ne sont pas reliées.

Le systéme d’antennes selon I'une quelconque des
revendications 1 et 4, dans lequel chaque antenne
afentes sinueuses (81) inclus une structure a fentes
sinueuses correspondante (82);

dans lequel un treillis réseau triangulaire comprend
deuxrangées ou plus d’antennes a fentes sinueuses
(81);

et dans lequel les structures a fentes sinueuse (82)
des antennes a fentes sinueuse (81) dans une et
unique rangée sont connectées.

Le systeme d’antennes de la revendication 6, dans
lequel la structure sinueuse (82) de chaque antenne
a fentes sinueuses inclut deux fentes sinueuses;
Dans lequel la structure a fentes sinueuses (82) de
chaque antenne a fentes sinueuses (81) adjacente
a deux antennes a fentes sinueuses (81) dans une
et méme rangée a:

+ La cellule la plus éloignée d’'une de ces fentes
sinueuses connectées a la cellule la plus éloi-
gnée d’une fente sinueuse d’'une des deux an-
tennes a fentes sinueuses (81) adjacente; et

* La cellule la plus éloignée de l'autre de ses
deux fentes sinueuses connectée a la cellule la
plus éloignée de la fente sinueuse de I'autre des
deux antennes a fentes sinueuses adjacente
(81).

Le systeme d’antennes selon I'une quelconque re-
vendication précédente, dans lequel le réseau d’an-
tennes plates (71,80) est un plan ou un réseau d’an-
tennes conformé.
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Un systéme d’antennes modulaires comprenant plu-
sieurs systémes d’antennes (70) comme revendiqué
dans une quelconque revendication précédente,
dans lequel les systémes d’antennes (70) sont pla-
cés cbte a cbte formant ainsi une structure d’anten-
nes modulaires.

Le systeme d’antennes modulaires de la revendica-
tion 9, dans lequel la parois latérale de chaque sys-
teme d’antennes (70) est sinusoidal.

Un systeme de réseau phasé pour des contres me-
sures électroniques, comprenant le systéme d’an-
tennes (70) revendiqué dans l'une quelconque des
revendications 1 a 8 ou le systéme d’antennes mo-
dulaires revendiqué dans la revendication 9 ou 10.

Un systéme de contre mesure électronique compre-
nantle systéme d’antenne (70) revendiqué dans une
quelconque revendication 1 a 8 ou le systeme d’an-
tenne modulaire revendiqué dans la revendication 9
ou 10.
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