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(57) ABSTRACT

The present invention relates to a miniaturized patch antenna
assembly in UHF frequency band. The invention is notably
useful in RFID applications. The patch antenna assembly
includes a multilayered dielectric substrate including at least
a top layer, a middle layer and a bottom layer, an electrically
conductive patch structure on the upper surface of the top
layer, the patch structure having a center point located at the
center of patch structure surface and a feeding point electri-
cally coupled to a feed line, a ground plane on the lower
surface of the bottom layer. The assembly can include a slot
etched in the patch structure, the slot surrounding the center
point of the patch structure. This slot aims to concentrate the
surface current at the center of the patch structure, which
allows reducing its size.
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MINIATURIZED PATCH ANTENNA

TECHNICAL FIELD

[0001] The present invention relates to a miniaturized tech-
nique of patch antenna in UHF frequency band. It can be
applied in particular, but not exclusively, in wireless commu-
nication systems in which the miniaturization of the antenna
is sought without degrading its gain. The invention is notably
useful in RFID applications.

BACKGROUND OF THE INVENTION

[0002] The explosive growth of wireless communication
systems has led to an increasing demand for a compact size
low-cost antenna. Patch antennas have a planar structure,
suitable for integration on a multilayered material. But one of
the problems is its large size especially in UHF frequency
bands. RFID application demands high gain compact size
antenna. So it is important to design antennas with high gain
but of compact size although both of them are mutually con-
flicting properties. Several miniaturization techniques have
been identified, in particular for printed low-profile antennas.
These include the use ofhigh dielectric-constant material, the
use of inverted-F configurations or the use of shorting posts.
The antenna size reductions achieved by using these tech-
niques are generally small and suffer from significantly from
poor efficiency and narrow bandwidth. In addition, patch
antennas directly fabricated on high dielectric-constant sub-
strates suffer from surface-wave effects that can severally
degrade the performance of the antenna. The excitation of
surface waves not only contaminates the radiation pattern
(containing dips near the maximum and significant sidelobes)
and reduces the efficiency of the radiating element, but also
can cause unwanted coupling between the active devices
within the module.

[0003] The introduction of slots on the resonating patch is
also a known technique for miniaturizing the patch antenna.
These slots are arranged on the periphery of the patch and
possibly extend towards the interior of the patch. These anten-
nas suffer from the degradation of some characteristics, nota-
bly their gain.

SUMMARY OF THE INVENTION

[0004] The object of the present invention is to propose a
patch antenna having a reduced size while keeping the gain of
the antenna substantially unchanged.

[0005] According to the invention, it is proposed to etch a
slot near the centre of patch structure of the antenna, said slot
surrounding the centre of the patch, in order to concentrate the
surface current distribution at the centre of the patch structure
and, as a result, to reduce the size of the patch structure.

[0006] Thus, the invention concerns a patch antenna assem-
bly comprising:

[0007] a multilayered dielectric or magnetic substrate
including at least a top layer, a middle layer and a bottom
layer,

[0008] an electrically conductive patch structure on the
upper surface of the top layer, said patch structure hav-
ing a centre point located at the centre of patch structure
surface and a feeding point electrically coupled to a feed
line,
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[0009] aground plane on the lower surface of the bottom
layer, wherein it comprises a first slot etched in the patch
structure, said first slot surrounding the centre point of
the patch structure.

[0010] As it will be shown in the detailed description to be
followed, the presence of this first slot modifies the distribu-
tion of the currents at the surface of the patch structure and
concentrates them at the centre of the patch structure. As a
consequence, the area of the patch structure can be reduced
without decreasing significantly the gain of the antenna.
[0011] The first slot is preferably centered on the centre
point of the patch structure.

[0012] The length and the width of the first slot are deter-
mined such that the patch antenna assembly receives and/or
emits signals having a desired frequency.

[0013] In another embodiment, the patch antenna further
comprises a second slot etched in the patch structure, said
second slot surrounding the feeding point. The function of
this second slot is to improve the symmetry of the radiation
pattern of the antenna compared to an axis perpendicular to
the plane of the patch.

[0014] In a specific embodiment, the first slot and the sec-
ond slot are distant.

[0015] Inanother embodiment, the first slot opens into the
second slot.
[0016] In a specific embodiment, the first slot and/or the

second slot is/are circular or elliptic.

[0017] Inanother embodiment, the first slot and/or the sec-
ond slot is/are polygonal, for example rectangular or hexago-
nal.

[0018] In a specific embodiment, the first slot is triangular
and the second one is circular.

[0019] In another embodiment, the patch antenna com-
prises a third slot etched in the patch structure within the area
delimited by the first slot.

[0020] Inanother embodiment, the first slot is formed by a
pair of enclosed loops with splits in them at opposite ends
forming a Complementary Split-Ring Resonator.

[0021] In a specific embodiment, the middle layer is an air
layer.
[0022] In a variant, the middle layer is a foam layer, said

foam having a permittivity greater than 1.

[0023] Ina specific embodiment, the patch antenna assem-
bly comprises a peripheral cavity in which the multilayered
substrate, the patch structure and the ground plane are
present, the wall of the peripheral cavity comprising at least a
metallic layer connected to the ground plane.

[0024] In aspecific embodiment, the patch antenna further
comprises at least one double negative metamaterial layer
inside the peripheral cavity, said double negative metamate-
rial layers being placed above the multi-layered substrate at a
predetermined non-zero distance.

[0025] Inavariant, the double negative metamaterial layers
are replaced by parasitic patch layers, each parasitic patch
layer comprising a conductive patch and a circular slot etched
in the conductive patch.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a perspective view of a patch antenna
assembly of the prior art;

[0027] FIG. 2 is a cross sectional view of the patch antenna
assembly of the FIG. 1;

[0028] FIG. 3 is a diagram illustrating the return loss of the
patch antenna assembly of FIG. 1;
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[0029] FIG. 4 is a diagram illustrating the radiation pattern
of the patch antenna assembly of FIG. 1;

[0030] FIG. 5 is a perspective view of a patch antenna
assembly according to a first embodiment of the invention;

[0031] FIG. 61is atop view of the patch antenna assembly of
FIG. 5;
[0032] FIG.7 is a cross sectional view of the patch antenna

assembly of the FIG. 5;

[0033] FIG. 8 is a diagram illustrating the return loss of the
patch antenna assembly of FIG. 5;

[0034] FIG. 9 is a diagram illustrating the radiation pattern
of the patch antenna assembly of FIG. 5;

[0035] FIG. 10 illustrates the surface current distribution on
the patch structure of the antenna assembly of FIG. 5;
[0036] FIG. 11 is a top view of the patch antenna assembly
according to a second embodiment of the invention;

[0037] FIG. 12 is an enlarged view of a detail A of the FIG.
11;
[0038] FIG. 13 is a top view of the patch antenna assembly

according to a third embodiment of the invention;

[0039] FIG. 14 is a top view of the patch antenna assembly
according to a fourth embodiment of the invention;

[0040] FIG. 15 is a top view of the patch antenna assembly
according to a fifth embodiment of the invention;

[0041] FIG. 16 is a top view of the patch antenna assembly
according to a sixth embodiment of the invention;

[0042] FIG. 17 is a top view of the patch antenna assembly
according to a seventh embodiment of the invention;

[0043] FIG. 18 is a top view of the patch antenna assembly
according to a eighth embodiment of the invention which a
variant of the seventh embodiment;

[0044] FIG. 19 is a diagram illustrating the parameter S11
of the patch antenna assembly of FIG. 18;

[0045] FIG. 20 is a perspective view of a patch antenna
assembly according to a ninth embodiment of the invention;
[0046] FIG.21isacross sectional view of the patch antenna
assembly of the FIG. 20;

[0047] FIG. 22 is a perspective view of a patch antenna
assembly according to a tenth embodiment of the invention;
[0048] FIG. 23 isacross sectional view of the patch antenna
assembly of the FIG. 22;

[0049] FIG. 24 is a perspective view of a patch antenna
assembly according to an eleventh embodiment of the inven-
tion;

[0050] FIG. 25 is an exploded perspective view of a patch
antenna assembly according to an twelfth embodiment of the
invention; and

[0051] FIG. 26 is an exploded perspective view of a patch
antenna assembly according to a thirteenth embodiment of
the invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0052] The dependence of the dimensions of a patch
antenna on wavelength introduces a strict limitation on the
ability to reduce the physical size of an antenna while main-
taining its resonant frequency. However, it is possible to
reduce the physical size of an antenna by introducing reactive
elements in the patch element or between the patch and the
ground plane. Since the resonant frequency of an antenna is
inversely proportional to its total inductance and capacitance,
which includes the inductance and the capacitance of the
antenna on any paths to ground. If one increases either the
inductance or capacitance in the path between the patch struc-
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ture and the ground plane in order to maintain the resonant
frequency, the antenna’s inductance or capacitance must be
reduced, which can be achieved by reducing the dimension of
the antenna. However, increasing capacitance narrows the
useable bandwidth around the antenna resonant frequency. In
contrast, increasing inductance increases bandwidth, which is
more desirable. In this work we thus proposed a slotted ring to
increase the reactance of the antenna and thereby miniaturize
the size by keeping the gain of the antenna almost unchanged.
[0053] A UHF patch antenna without any slot is first
described in reference to FIGS. 1 to 4. This section illustrates
the size and electric parameters of a patch antenna without
slot. The same parameters will be shown below for different
embodiments of the patch antenna according to the invention.
[0054] In reference to FIG. 1 and FIG. 2, a patch antenna
assembly 1 comprises:

[0055] a multilayered dielectric substrate 2 including at
least a top layer 21, a middle layer 22 and a bottom layer
23,

[0056] an electrically conductive patch structure 3 on the
upper surface of the top layer, the patch structure having
afeeding point 4 electrically coupled to a feed line 5, and

[0057] a ground plane 6 on the lower surface of the
bottom layer.

[0058] The multilayered substrate and the patch structure
are squares. The patch size is less than the substrate size but
the patch structure is centred on the top layer of the multilay-
ered substrate. In the present case, the patch size is 14.2
cmx14.2 cm and the ground plane size is 25 cmx25 cm. d,;
designates the length of the sides of the substrate and d,
designates the length of the sides of the patch.

[0059] The ground plane and the patch structure are made
of electrically conductive material, like copper, and the top
layer 21 and the bottom layer 23 are made of FR4 dielectric
substrate having the following parameters:

[0060] permittivity=4.3,
[0061] loss tangent=0.021
[0062] thickness=1.6 mm.
[0063] The middle layeris an air layer having a height d; of

1.4 cm. So the distance between the patch antenna and the
ground plane is 1.4+0.16+0.16=1.72 cm. The air gap between
the top layer and the bottom layer is kept by spacers (not
shown) placed at each corner of the substrate.

[0064] All these parameters of the antenna components
have been defined to get the resonance at 866.3 MHz

[0065] The feeding point is located at 4 cm from the centre
of the patch to get good impedance matching.

[0066] FIGS. 3 and 4 show the simulation return loss and
the radiation pattern of this patch antenna assembly respec-
tively. The simulation of this antenna was carried by using
CST microwave studio simulator.

[0067] In reference to these diagrams, the patch antenna
assembly of FIGS. 1 and 2 has the following features:

[0068] the simulation gain at 866.3 MHz is 8.9 dBi;
[0069] the return loss at 866.3 MHz is —49.6 dB;
[0070] the simulation voltage standing wave ratio

(VSWR) at 866 MHz is 1.037; and
[0071] the —10 dB bandwidth is 49 MHz (891.5 MHz-

842.5 MHz).
[0072] According to the invention, we propose to reduce
the size of above-described antenna by introducing appropri-
ate slots in the patch structure.
[0073] A first embodiment of the patch antenna assembly
according to the invention is illustrated by FIGS. 5-10.
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[0074] In this first embodiment, the patch antenna com-
prises two slotted rings etched in the patch structure, one
surrounding the centre of the patch structure and one sur-
rounding the feeding point.

[0075] Inreference to FIGS. 5-7, the patch antenna assem-
bly 101 according to this first embodiment comprises:

[0076] a multilayered dielectric or magnetic substrate
102 including at least a top layer 121, a middle layer 122
and a bottom layer 123,

[0077] an electrically conductive patch structure 103 on
the upper surface of the top layer, the patch structure
having a centre point 107 located at the centre of the
patch structure a feeding point 104 electrically coupled
to a feed line 105, and

[0078] a ground plane 106 on the lower surface of the
bottom layer.

[0079] Thetoplayer121 and the bottom layer 123 are made
of FR4 or other substrate type having the same parameters
than the top layer 21 and the bottom layer 23 of the antenna of
FIG. 1. The ground plane 106 and the patch structure 103 are
made of the same electrically conductive material than the
ground plane 6 and the patch structure 3 of FIG. 1 respec-
tively.

[0080] Inorderto reduce the size of the patch antenna, two
slotted rings are etched in the patch structure 103:

[0081] a first slotted ring, called central ring 108, sur-
rounds the centre point 107 of the patch structure, and

[0082] a second slotted ring, called feed ring, 109 sur-
rounds the feeding point 104.

[0083] Thewidth and the diameter of these slotted rings can
take numerous values as will be shown below. The central
ring is centered on the centre point 107 and the feed ring is
centered on the feeding point 104.

[0084] In this embodiment, the parameters of the antenna
components are determined to get a resonant frequency at
866.3 MHz. These parameters are, for the FR4/air layers, the
following ones:

[0085] width of the central ring: 0.8 cm

[0086] diameter of the central ring: 4 cm

[0087] width of the feed ring: 0.3 cm

[0088] diameter of the feed ring: 0.8 cm

[0089] position of the feeding point: 3.1 cm from the

centre point 107.

[0090] patch size: 11.6 cmx11.6 cm;
[0091] ground plane size is 18 cmx18 cm.
[0092] The other parameters of the antenna remain are

unchanged compared to the non-miniaturized antenna of
FIG. 1.

[0093] In this first embodiment, the size of the antenna
assembly 101 is reduced by 28% relative to the antenna 1.
[0094] The average perimeter of the central ring can be
smaller or greater than the half-wavelength in the free space.
[0095] Indeed, the slot perimeter (respectively the radius)
affects the operation frequency without the antenna gain deg-
radation. It is therefore an essential parameter for the minia-
turization.

[0096] The return loss and the radiation pattern of the
antenna 101 are shown in FIGS. 8 and 9 respectively. FIG. 8
shows that the antenna resonates at 866.3 MHz with a return
loss of —32.35 dB. The Voltage Standing Wave Ratio (VSWR)
of'the patch antenna 101 is 1.04223 at the resonant frequency
which indicates a good impedance matching. FIG. 9 shows
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that the maximum antenna gain at the resonant frequency
(866.3 MHz) is 8.3 dBi. This value is slightly lower than that
of the antenna 1.

[0097] These results show that the presence of the central
ring 108 and the feed 109 allows reducing significantly the
size of the antenna structure without degrading its gain. More
specifically, the central ring 108 alone is enough to reduce the
size of the antenna structure. The feed ring 109 is used to
reduce the misalignment effect of the beam linked to the
discontinuity between the feeding point 104 and the patch
structure 103 (radiating element).

[0098] The presence of the rings 108 and 109 modifies the
distribution of the surface current in the patch structure 103 as
shown in the FIG. 10. As can be seen from this figure, the
central ring concentrates the surface current at the centre of
the patch structure, which allows to reduce the size of the
effective radiating surface and, as a consequence, the size of
patch structure 103. As a consequence, the size of the ground
plane 106 can be reduced. As a result, the size of the antenna
assembly 101 is reduced.

[0099] In this first embodiment, the central ring and the
feed ring are so close that they have a common portion. The
central ring opens into the feed ring or vice versa.

[0100] The central ring can also be moved away from the
feed ring. It is illustrated by FIG. 11 and FIG. 12. In this
second embodiment, the central ring and the feed ring 109
have outer diameters D and d and widths W and w, respec-
tively and they are separated from each other by a non-zero
distance e. The distance e is a function of the parameters D, d,
W and w.

[0101] The resonance frequency of the antenna assembly is
depending on the parameters D and W of the central ring.
More specifically, the width W of the central ring has an effect
on the inductance of the antenna and its diameter has an effect
on the capacitance of the antenna. The width W of the central
ring can vary from 2 mm to 12 mm and the diameter D from
2 cm to 4.5 cm. In the configuration of the FIGS. 5 to 7, the
resonance frequency of 866.3 MHz (inside the UHF band) is
obtained by a width W=8 mm and D=4 cm.

[0102] The width w and the diameter d of the feed ring have
little influence on the resonance frequency.

[0103] As mentioned hereinabove, the feed ring has no
influence on the size of the patch antenna. Consequently, in a
third embodiment illustrated by FIG. 13, the antenna assem-
bly does not have feed ring. The central ring alone is enough
to reduce the size of the antenna structure. This central ring is
not necessarily circular but may be elliptic.

[0104] Thecentral slotted ring must concentrate the surface
current at the centre of the patch structure 103. This central
slot is not necessarily a ring. This slot can have different
shapes as illustrated by FIGS. 14-17. This slot must surround
the centre point of the patch structure 103. Preferably, this slot
is centered on the centre point of the patch structure.

[0105] InFIG.14,thecentral slotis a square centered on the
centre point of the patch structure, in FI1G. 15, the central slot
is a hexagon and in FIG. 16, the central slot is a triangle. The
feeding point can be surrounded by a slot 109 or not. The
shape of the slot 109 is preferably circular.

[0106] A more complex shape can be used for the central
slot. As illustrated by FIG. 17, the central slot can be a cell of
Complementary Split-Ring Resonator formed by a pair of
enclosed loops 1084 and 1085 with splits 110 and 111 in them
at opposite ends. The splits 110 and 111 are centered on an
axis of symmetry A1 of the patch structure going through the
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centre point 107. The axis Al is perpendicular to a second axis
of symmetry A2 going through the centre point 107 and the
feeding point 104. In this case, the antenna presents one
resonant frequency. The electrical and pattern characteristics
of'this antenna are close to the patch antenna with a hexagonal
or rectangular central slot.
[0107] Ifthe splits 110 and 111 are centered on the axis of
symmetry A2, a property of dual-band antenna is obtained.
The antenna operates in dual-band by rotating around the
patch centred point the cell of Complementary Split-Ring
Resonator.
[0108] By centring the splits 110 and 111 on the axis of
symmetry A2 and moving the feed point from this axis as
illustrated by FIG. 18, both resonance dips get close thereby
generating a wide frequency bandwidth as illustrated by FIG.
19.
[0109] In another embodiment illustrated by FIG. 20 and
FIG. 21, the patch antenna assembly is embedded in a periph-
eral cavity 112 having a metallic layer. This cavity comprises
four vertical walls placed against the four edges of the mul-
tilayered substrate. These walls extend beyond the upper sur-
face of the multilayered substrate and are connected to the
horizontal ground plane of the patch antenna. It forms a
vertical ground plane. This embodiment with a semi-open
cavity allows reducing strongly the size of the patch antenna.
[0110] The walls can be metallic walls or can comprise a
dielectric layer covered by a metallic layer. The height of the
walls is for example 2.5 cm.
[0111] Thecavity is not necessarily cube-shaped. The walls
can be trapezoidal such that the cavity is an inverted pyramid.
The cavity can also be cylindrical. Some of these variant
shapes may contribute to improve the gain of the antenna.
[0112] In another embodiment illustrated by FIG. 22 and
FIG. 23, the air layer 122 is by a foam layer 122'. This foam
layer is for example a PVC layer having a permittivity greater
than 1. It allows reducing the distance d; between the top layer
and the bottom layer of the substrate. And such amendment is
easier to make than a structure with an air layer requiring four
spacers placed at the four corners of the substrate.
[0113] In another embodiment illustrated by FIG. 24, a
third slot 113 is etched in the patch structure 103 within the
area delimited by the slot 108. The slot 113 is rectilinear and
placed at the centre of patch structure 103. This additional slot
113 contributes to further reduce the size of the antenna. Such
apatch antenna has been simulated with the following dimen-
sions:
[0114] the size of the patch is 10 cmx10 cm;
[0115] the size of the horizontal ground plane is 11
cmx11 cm;
[0116] the height of the vertical walls of the peripheral
cavity is 2.5 cm from the horizontal ground plane;
[0117] the air gap between the patch and the horizontal
ground plane is 1.4 cm;

[0118] the length of the slot 113 is 2 cm;

[0119] the diameter of the first circular slot 108 is 3 cm;
and

[0120] assuming the coordinate of the patch centre is (0,

0), the coordinate of the feeding point is (0, 1.9 cm).

[0121] Such an antenna gives the following simulation
results:
[0122] the simulation gain is 5.3 dBi at the resonance

frequency of 866 MHz with a return loss of 22.95 dB.
[0123] In a variant, the length of the rectilinear slot 113 is
equal to the inner diameter of the circular slot 108.
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[0124] In order to enhance the gain of such an antenna, it is
possible to add Double Negative (DNG) metamaterial layers
inside the peripheral cavity. Such an embodiment is illus-
trated by FIG. 25. In this figure, three spaced DNG metama-
terial layers 114 are present in the peripheral cavity. The
distances between the DNG metamaterial layers 114 and the
patch structure 103 are the following ones: the first, second
and third DNG metamaterial layers 114 are placed 1 cm, 6 cm
and 13 cm above the patch structure 103 respectively. In this
case, the height of the peripheral cavity is 14.4 cm.

[0125] With such an arrangement, the antenna gain reaches
7.8 dBi at 887.35 MHz. The measured return loss is 19.0 dB
andthe S, value is -34.4 dB with lower value back radiation.
[0126] Other gain measurements have been made with dif-
ferent numbers of DNG metamaterial layer 114. These gain
measurements are summarized in the following table:

Square cavity-backed Distances above the Gain

antenna patch structure (dBi)

Without DNG meta layer — 35

with single DNG meta layer 12cm 4.5

with 2 DNG meta layers 1st at 6 cm & 2nd at 13 cm 6.4

with 3 DNG meta layers Istat 1 cm,2nd at 6 cm & 7.8
3rdat 13 cm

[0127] The size of an antenna backed by a metallic cavity as
defined above can be miniaturized to 11 cmx11 cm for UHF
band. The measured antenna gain is 3.5 dBi without DNG
metamaterial layer and 7.8 dBi with three DNG metamaterial
layers as defined in the above table.

[0128] In a variant illustrated by the FIG. 26, the DNG
metamaterial layers 114 are replaced by parasitic antenna
layers 115. Each parasitic antenna layer 115 is a patch struc-
ture having a centred circular slot 116. This modification
permits to enhance the bandwidth and the gain of the antenna.
The size of the patch of each parasitic antenna layer 115 is
about 10.3 cmx10.3 cm. The outer diameter of the circular
slot 116 is for example 7.2 cm and its width is 2 mm.

[0129] The volume of this antenna is now 11 cmxl11
cmx28.5 cm. The antenna gain is 10.9 dBi and the directivity
is 12.5 dB.

[0130] Such an arrangement with parasitic antenna layers
having a circular slot has the advantage of not degrading the
circular polarization antenna sources. The radiation is
enhanced identically in all directions.

[0131] The patch antenna according to the invention can be
used for applications using ISM bands authorized in the
region of operation. The embodiments described above have
been defined for applications in the European ISM UHF
band: 865.6 MHz-867.6 MHz

[0132] This technology of miniaturization can be used in
other ISM frequency bands:

[0133] 433.050 MHz-434.790 MHz;
[0134] 840.5 MHz-844.5 MHz;
[0135] 902 MHz-928 MHz;
[0136] 952 MHz-952.6 MHz;
[0137] 2.4 GHz-2.5 GHz; and
[0138] 5.725 GHz-5.875 GHz.
[0139] For example, in the case of a patch antenna accord-

ing to the invention working at 2.45 GHz, the size of the size
of the antenna can be reduced to 5 cmx5 cmx6 cm with two
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parasitic antenna layers and to 5 cmx5 cmx9 cm with three
parasitic antenna layers. In the latter case, the gain reaches
11.6 dBi.
[0140] Although the invention has been described in con-
nection to different embodiments, it is to be understood that it
is in no way limited thereto and that it includes all the tech-
nical equivalents of the means described as well as their
combinations should these fall within the scope of the
claimed invention.
1.-15. (canceled)
16. A patch antenna assembly comprising:
amultilayered dielectric or magnetic substrate including at
least a top layer, a middle layer and a bottom layer;
an electrically conductive patch structure on an upper sur-
face of the top layer, the patch structure having a center
point and a feeding point electrically coupled to a feed
line and distinct from the center point;
a ground plane on the lower surface of the bottom layer;
and
afirst slot etched in the patch structure and surrounding the
center point of the patch structure, wherein the feeding
point is outside an area delimited by the first slot.
17. The patch antenna according to claim 16, wherein the
first slot is centered on the center point of the patch structure.
18. The patch antenna according to claim 16, wherein the
patch antenna further comprises a second slot etched in the
patch structure and surrounding the feeding point.
19. The patch antenna according to claim 18, wherein the
first slot and the second slot are separate.
20. The patch antenna according to claim 18, wherein the
first slot opens into the second slot.
21. The patch antenna according to claim 16, wherein the
first slot and/or the second slot is/are circular or elliptic.
22. The patch antenna according to claim 18, wherein the
first slot and/or the second slot is/are polygonal.
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23. The patch antenna according to claim 18, wherein the
first slot is triangular and the second slot is circular or elliptic.

24. The patch antenna according to claim 18, wherein the
patch antenna further comprises a third slot that is rectilinear
and etched in the patch structure within an area delimited by
the first slot.

25. The patch antenna according to claim 16, wherein the
first slot is formed by a pair of enclosed loops with splits in the
enclosed loops at opposite ends forming a Complementary
Split-Ring Resonator.

26. The patch antenna according to claim 16, wherein the
middle layer is an air layer.

27. The patch antenna according to claim 16, wherein the
middle layer is a foam layer, the foam having a permittivity
greater than 1.

28. The patch antenna according to claim 16, wherein the
patch antenna comprises a peripheral cavity in which the
multilayered substrate, the patch structure, and the ground
plane are present, the wall of the peripheral cavity comprising
at least a metallic layer connected to the ground plane.

29. The patch antenna according to claim 28, wherein the
patch antenna further comprises at least one double negative
metamaterial layer inside the peripheral cavity, the at least
one double negative metamaterial layer being placed above
the multi-layered substrate at a predetermined non-zero dis-
tance.

30. The patch antenna according to claim 28, wherein the
patch antenna further comprises at least one parasitic patch
layer inside the peripheral cavity, the at least one parasitic
patch layer comprising a conductive patch and a circular slot
etched in the conductive patch, the at least one parasitic patch
layer being placed above the multi-layered substrate at a
predetermined non-zero distance.
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