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Description
OBJECT OF THE INVENTION

[0001] The present invention relates to antennae
formed by sets of similar geometrical elements (poly-
gons, polyhedrons electro magnetically coupled and
grouped such that in the antenna structure may be dis-
tinguished each of the basic elements which form it.
[0002] More specifically, it relates to a specific geo-
metrical design of said antennae by which two main ad-
vantages are provided: the antenna may operate simul-
taneously in several frequencies and/or its size can be
substantially reduced.

[0003] The scope of application of the present inven-
tion is mainly within the field of telecommunications, and
more specifically in the field of radio-communication.

BACKGROUND AND SUMMARY OF THE INVENTION

[0004] Antennae were first developed towards the
end of the past century, when James C. Maxwell in
1864 postulated the fundamental laws of electromag-
netism. Heinrich Hertz may be attributed in 1886 with
the invention of the first antenna by which transmission
in air of electromagnetic waves was demonstrated. In
the mid forties were shown the fundamental restrictions
of antennae as regards the reduction of their size rela-
tive to wavelength, and at the start of the sixties the first
frequency-independent antennae appeared. At that
time helixes, spirals, logoperiodic groupings, cones and
structures defined solely by angles were proposed for
construction of wide band antennae.

[0005] In 1995 the Spanish Patent n° 9501019 (pub-
lication number n° 2.112.163) introduced the fractal or
multifractal type antennae), which due to their geometry
presented a multifrequency behavior and in certain cas-
es a small size. In this patent the antenna is designed
according to the principles of fractal geometry, in which
the antenna has a self-similar structure resulting from
the repetition of a geometrical motif or generator.
[0006] Later were introduced multitriangular anten-
nae (Patent n° 9800954) which operated simultaneous-
ly in bands GSM 900 and GSM 1800.

[0007] The antennae described in the present patent
starting from fractal and multitriangular type antennae,
depart from those geometries to solve several problems
of a practical nature which limit the behavior of said an-
tennae and reduce their applicability in real environ-
ments.

[0008] From a scientific standpoint strictly fractal an-
tennae are impossible, as fractal objects are a mathe-
matical abstraction which include an infinite number of
elements. Itis possible to generate antennae with aform
based on said fractal objects, incorporating a finite
number of iterations. The performance of such anten-
nae is limited to the specific geometry of each one. For
example, the position of the bands and their relative
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spacing is related to fractal geometry and it is not always
possible, viable or economic to design the antennae
maintaining its fractal appearance and at the same time
placing the bands atthe correct area of the radioelectric
spectrum. To begin, truncation implies a clear example
of the limitations brought about by using a real fractal
type antenna which attempts to approximate the theo-
retical behavior of an ideal fractal antenna. Said effect
breaks the behavior of the ideal fractal structure in the
lower band, displacing it from its theoretical position rel-
ative to the otherbands and in short requiring atoo large
size for the antenna which hinders practical applica-
tions.

[0009] In addition to such practical problems, it is not
always possible to alter the fractal structure to present
the level of impedance of radiation diagram which is suit-
edto the requirements of each application. Due to these
reasons, it is often necessary to leave the fractal geom-
etry and resort to other types of geometries which offer
a greater flexibility as regards the position of frequency
bands of the antennae, adaptation levels and impedanc-
es, polarization and radiation diagrams.

[0010] Multitriangular structures (Patent n° 8800954)
were an example of non-fractal structures with a geom-
etry designed such that the antennae could be used in
base stations of GSM and DCS cellular telephony. An-
tennae described in said patent consisted of three trian-
gles joined only at their vertices, of a size adequate for
use in bands 890 MHz - 960 MHz and 1710 MHz - 1880
MHz. This was a specific solution for a specific environ-
ment which did not provide the flexibility and versatility
required to deal with other antennae designs for other
environments.

[0011] These problems are solved by an antenna ac-
cordingto claim 1. Their geometry ismuch more flexible,
rich and varied, allowing operation of the antenna from
two to many more bands, as well as providing a greater
versatility as regards diagrams, band positions and im-
pedance levels, to name a few examples. Although they
are not fractal, multilevel antennae are characterised in
that they comprise a number of elements which may be
distinguished in the overall structure. Precisely because
they clearly show several levels of detail (that of the
overall structure and that of the individual elements
which make it up), antennae provide a multiband behav-
ior and/or a small size. The origin of their name also lies
in said property.

[0012] The present invention consists of an antenna
whose radiating element is characterised by its geomet-
rical shape, which basically comprises several polygons
or polyhedrons of the same type. That is, it comprises
for example triangles, squares, pentagons, hexagons or
even circles and ellipses as a limiting case of a polygon
with a large number of sides, as well as tetrahedra, hex-
ahedra, prisms, dodecahedra, etc. coupled to each oth-
erelectrically (eitherthrough atleast one point of contact
o through a small separation providing a capacitive cou-
pling) and grouped in structures of a higher level such
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that in the body of the antenna can be identified the po-
lygonal or polyhedral elements which it comprises. In
turn, structures generated in this manner can be
grouped in higher order structures in a manner similar
to the basic elements, and so on until reaching as many
levels as the antenna designer desires.

[0013] Its designation as multilevel antenna is pre-
cisely due to the fact that in the body of the antenna can
be identified at least two levels of detail: that of the over-
all structure and that of the majority of the elements (pol-
ygons or polyhedrons) which make it up. This is
achieved by ensuring that the area of contact or inter-
section (if it exists) between the majority of the elements
forming the antenna is only a fraction of the perimeter
or surrounding area of said polygons or polyhedrons.
[0014] A particular property of multilevel antennae is
that their radioelectric behavior can be similar in several
frequency bands. Antenna input parameters (imped-
ance and radiation diagram) remain similar for several
frequency bands (thatis, the antenna has the same level
of adaptation or standing wave relationship in each dif-
ferent band), and often the antenna presents almost
identical radiation diagrams at different frequencies.
This is due precisely to the multilevel structure of the
antenna, that is, to the fact that it remains possible to
identify in the antenna the majority of basic elements
(same type polygons or polyhedrons) which make it up.
The number of frequency bands is proportional to the
number of scales or sizes of the polygonal elements or
similar sets in which they are grouped contained in the
geometry of the main radiating element.

[0015] In addition to their multiband behavior, multi-
level structure antennae usually have a smaller than
usual size as compared to other antennae of a simpler
structure. (Such as those consisting of a single polygon
or polyhedron). This is because the path followed by the
electric current on the multilevel structure is longer and
more windingthan in a simple geometry, due to the emp-
ty spaces between the various polygon or polyhedron
elements. Said empty spaces force a given path for the
current (which must circumvent said spaces) which trav-
els a greater distance and therefore resonates at a lower
frequency. Additionally, its edge-rich and discontinuity-
rich structure simplifies the radiation process, relatively
increasing the radiation resistance of the antenna and
reducing the quality factor Q, i.e. increasing its band-
width.

[0016] Therefore, a multilevel antenna has a small
size compared to circular, square or triangular antenna
whose perimeter can be circumscribed in the multilevel
structure and which operates in the same frequency of
resonance.

[0017] Thus, the main characteristic of multilevel an-
tennae are the following:

- A multilevel geometry comprising polygon or poly-
hedron of the same class, electromagnetically cou-
pled and grouped to form a larger structure. In mul-
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tilevel geometry most of these elements are clearly
visible as their area of contact, intersection or inter-
connection (if these exist) with other elements is al-
ways less than 50% of their perimeter.

- The radioelectric behavior resulting from the geom-
etry: multilevel antennae can present a multiband
behavior (identical or similar for several frequency
bands) and/or operate at a reduced frequency,
which allows to reduce their size.

[0018] In specialized literature it is already possible to
find descriptions of certain antennae designs which al-
low to cover a few bands. However, in these designs the
multiband behavior is achieved by grouping several sin-
gle band antennae or by incorporating reactive ele-
ments in the antennae (concentrated elements as in-
ductors or capacitors or their integrated versions such
as posts or notches) which force the apparition of new
resonance frequencies. Multilevel antennae on the con-
trary base their behavior on their particular geometry,
offering a greater flexibility to the antenna designer as
to the number of bands (proportional to the number of
levels of detail), position, relative spacing and width, and
thereby offer better and more varied characteristics for
the final product.

[0019] A multilevel structure can be used in any
known antenna configuration. As a nonlimiting example
can be cited: dipoles, monopoles, patch or microstrip
antennae, coplanar antennae, reflector antennae,
wound antennae or even antenna arrays. Manufactur-
ing techniques are also not characteristic of multilevel
antennae as the best suited technigue may be used for
each structure or application. For example: printing on
dielectric substrate by photolithography (printed circuit
technique); dieing on metal plate, repulsion on dielec-
tric, etc.

[0020] Publication WO 97/06578 discloses a fractal
antenna for a cellular telephone.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Further characteristics and advantages of the
invention will become apparent in view of the detailed
description which follows of a preferred embodiment of
the invention given for purposes of illustration only and
in no way meant as a definition of the limits of the inven-
tion, made with reference to the accompanying draw-
ings, in which:

Figure 1 shows a specific example of a multilevel
element comprising only triangular polygons.

Figure 2 shows examples of assemblies of multilev-
el antennae in several configurations: monopole
(2.1), dipole (2.2), patch (2.3), coplanar antennae
(2.4), horn (2.5-2.6) and array (2.7).
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Figure 3 shows examples of multilevel structures
based on triangles.

Figure 4 shows examples of multilevel structures
based on parallelepipeds.

Figure 5 examples of multilevel structures based on
pentagons.

Figure 6 shows of multilevel structures based on
hexagons.

Figure 7 shows of multilevel structures based on
polyhedrons.

Figure 8 shows an example of a specific operational
mode for a multilevel antenna in a patch configura-
tion for base stations of GSM (900 MHz) and DCS
(1800 MHz)cellular telephony.

Figure 9 shows input parameters (return loss on 50
ohms) for the multilevel antenna described in the
previous figure.

Figure 10 shows radiation diagrams for the multi-
level antenna of figure 8: horizontal and vertical
planes.

Figure 11 shows an example of a specific operation
mode for a multilevel antenna in a monopole con-
struction for indoors wireless communication sys-
tems or in radio-accessed local network environ-
ments.

Figure 12 shows input parameters (return loss on
50 ohms) for the multilevel antenna of the previous
figure.

Figure 13 shows radiation diagrams for the multi-
level antenna of figure 11.

DESCRIPTION OF THE PREFERRED EMBODIMENT
OF THE INVENTION

[0022] Inthe detailed description which followsfapre-
ferred embodiment of the present invention permanent
reference is made to the figures of the drawings, where
the same numerals refer to the identical or similar parts.
[0023] The present invention relates to an antenna
which includes at least one construction element in a
multilevel structure form. A multilevel structure is char-
acterized in that it is formed by gathering several poly-
gon or polyhedron of the same type (for example trian-
gles, parallelepipeds, pentagons, hexagons, etc., even
circles or ellipses as special limiting cases of a polygon
with a large number of sides, as well as tetrahedra, hex-
ahedra, prisms, dodecahedra, etc. coupled to each oth-
er electromagnetically, whether by proximity or by direct
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contact between elements. A multilevel structure or fig-
ure is distinguished from another conventional figure
precisely by the interconnection (if it exists) between its
component elements (the polygon or polyhedron). In a
multilevel structure at least 75% of its component ele-
ments have more than 50% of their perimeter (for poly-
gons) not in contact with any of the other elements of
the structure. Thus, in a multilevel structure it is easy to
identify geometrically and individually distinguish most
of its basic component elements, presenting at least two
levels of detail: that of the overall structure and that of
the polygon or polyhedron elements which form it. Its
name is precisely due to this characteristic and from the
fact that the polygon or polyhedron can be included in
a great variety of sizes. Additionally, several multilevel
structures may be grouped and coupled electromagnet-
ically to each other to form higher level structures. In a
multilevel structure all the component elements are pol-
ygons with the same number of sides or polyhedron with
the same number of faces. Naturally, this property is bro-
ken when several multilevel structures of different na-
tures are grouped and electromagnetically coupled to
form meta-structures of a higher level.

[0024] In this manner, in figures 1 to 7 are shown a
few specific examples of multilevel structures.

Figure 1 shows a multilevel element exclusively
consisting of triangles of various sizes and shapes.
Note that in this particular case each and every one
of the elements (iriangles, in black) can be distin-
guished, as the triangles only overlap in a small ar-
ea of their perimeter, in this case at their vertices.

Figure 2 shows examples of assemblies of multilev-
el antennae in various configurations: monopole
(21), dipole (22), patch (23), coplanar antennae
(24), coil in a side view (25) and front view (26) and
array (27). With this it should be remarked that re-
gardless of its configuration the multilevel antenna
is different from other antennae in the geometry of
its characteristic radiant element.

Figure 3 shows further examples of multilevel struc-
tures (3.3-3.15) with a triangular origin, all com-
prised of triangles. Note that case (3.14) is an evo-
lution of case (3.13); despite the contact between
the 4 triangles, 75% of the elements (three trian-
gles, except the central one) have more than 50%
of the perimeter free.

Figure 4 describes multilevel structures (4.4-4.14)
formed by parallelepipeds (squares, rectangles,
rhombi...). Note that the component elements are
always individually identifiable (at least most of
them are).

Figures 5, 6 and 7 show non limiting examples of
other multilevel structures based on pentagons,
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hexagons and polyhedron respectively.

[0025] It should be remarked that the difference be-
tween multilevel antennae and other existing antennae
lies in the particular geometry, not in their configuration
as an antenna or in the materials used for construction.
Thus, the multilevel structure may be used with any
known antenna configuration, such as for example and
in a non limiting manner: dipoles, monopoles, patch or
microstrip antennae, coplanar antennae, reflector an-
tennae, wound antennae or even in arrays. In general,
the multilevel structure forms part of the radiative ele-
ment characteristic of said configurations, such as the
arm, the mass plane or both in a monopole, an arm or
both in a dipole, the patch or printed element in a micro-
strip, patch or coplanar antenna; the reflector for an re-
flector antenna, or the conical section or even antenna
walls in a horn type antenna. It is even possible to use
a spiral type antenna configuration in which the geom-
etry of the loop or loops is the outer perimeter of a mul-
tilevel structure. In all, the difference between a multi-
level antenna and a conventional one lies in the geom-
etry of the radiative element or one of its components,
and not in its specific configuration.

[0026] As regards construction materials andtechnol-
ogy, the implementation of multilevel antennae is not
limited to any of these in particular and any of the exist-
ing or future techniques may be employed as consid-
ered best suited for each application, as the essence of
the invention is found in the geometry used in the mul-
tilevel structure and not in the specific configuration.
Thus, the multilevel structure may for example be
formed by sheets, parts of conducting or superconduct-
ing material, by printing in dielectric substrates (rigid or
flexible) with a metallic coating as with printed circuits,
by imbrications of several dielectric materials which
form the multilevel structure, etc. always depending on
the specific requirements of each case and application.
Once the multilevel structure is formed the implementa-
tion of the antenna depends on the chosen configuration
(monopole, dipole, patch, horn, reflector...). For monop-
ole, spiral, dipole and patch antennae the multisimilar
structure is implemented on a metal support (a simple
procedure involves applying a photolithography process
to a virgin printed circuit dielectric plate) and the struc-
ture is mounted on a standard microwave connector,
which for the monopole or patch cases is in turn con-
nected to a mass plane (typically a metal plate or case)
asforany conventional antenna. For the dipole case two
identical multilevel structures form the two arms of the
antenna; in an opening antenna the multilevel geometry
may be part of the metal wall of a horn or its cross sec-
tion, and finally for a reflector the multisimilar element
or a set of these may form or cover the reflector.
[0027] The most relevant properties of the multilevel
antennae are mainly due to their geometry and are as
follows: the possibility of simultaneous operation in sev-
eral frequency bands in a similar manner (similar imped-
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ance and radiation diagrams) and the possibility of re-
ducing their size compared to other conventional anten-
nae based exclusively on a single polygon or polyhe-
dron. Such properties are particularly relevant in the
field of communication systems. Simultaneous opera-
tion in several freq bands allows a single multilevel an-
tenna to integrate several communication systems, in-
stead of assigning an antenna for each system or serv-
ice as is conventional. Size reduction is particularly use-
ful when the antenna must be concealed due to its visual
impact in the urban or rural landscape, or to its unaes-
thetic or unaerodynamic effect when incorporated on a
vehicle or a portable telecommunication device.

[0028] An example of the advantages obtained from
the use of amultiband antenna in a real environment is
the multilevel antenna AM1, described further below,
usedfor GSM and DCS environments. These antennae
are designed to meet radioelectric specifications in both
cell phone systems. Using a single GSM and DCS mul-
tilevel antennafor both bands (900 MHz and 1800 MHz)
cell telephony operators can reduce costs and environ-
mental impact of their station networks while increasing
the number of users (customers) supported by the net-
work.

[0029] It becomes particularly relevant to differentiate
multilevel antennae from fractal antennae. The latter are
based on fractal geometry, which is based on abstract
mathematical concepts which are difficult to implement
in practice. Specialized scientific literature usually de-
fines as fractal those geometrical objects with a non-
integral Haussdorf dimension. This means that fractal
objects exist only as an abstraction or a concept, but
that said geometries are unthinkable (in a strict sense)
for a tangible object or drawing, although it is true that
antennae based on this geometry have been developed
and widely described in the scientific literature, despite
their geometry not being strictly fractal in scientific
terms. Nevertheless some of these antennae provide a
multiband behaviour (their impedance and radiation di-
agram remains practically constant for several freq
bands), they do not on their own offer all of the behaviour
required of an antenna for applicability in a practical en-
vironment. Thus, Sierpinski's antenna for example has
a multiband behaviour with N bands spaced by a factor
of 2, and although with this spacing one could conceive
its use for communications networks GSM 900 MHz and
GSM 1800 MHz (or DCS), its unsuitable radiation dia-
gram and size for these frequencies prevent a practical
use in a real environment. In short, to obtain an antenna
which in addition to providing a multiband behaviour
meets all of the specifications demanded for each spe-
cific application it is almost always necessary to aban-
don the fractal geometry and resort for example to mul-
tilevel geometry antennae. As an example, none of the
structures describedin figures 1, 3, 4, 5and6 arefractal.
Their Hausdorff dimension is equal to 2 for all, which is
the same as their topological dimension. Similarly, none
of the multilevel structures of Figure 7 are fractal, with
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their Hausdorff dimension equal to 3, as theirtopological
dimension.

[0030] Inanycase multilevel structures should not be
confused with arrays of antennae. Although itis true that
an array is formed by sets of identical antennae, inthese
the elements are electromagnetically decoupled, exact-
ly the opposite of what is intended in multilevel anten-
nae. In an array each element is powered independently
whether by specific signal transmitters or receivers for
each element, or by a signal distribution network, while
in a multilevel antenna the structure is excited in a few
of its elements and the remaining ones are coupled elec-
tromagnetically or by direct contact (in a region which
does not exceed 50% of the perimeter or surface of ad-
jacent elements). In an array is sought an increase in
the directivity of an individual antenna o forming a dia-
gram for a specific application; in a multilevel antenna
the object is to obtain a multiband behaviour or a re-
duced size of the antenna, which implies a completely
different application from arrays.

[0031] Below are described, for purposes of illustra-
tion only, two non-limiting examples of operational
modes for Multilevel Antennae (AM1 and AM2) for spe-
cific environments and applications.

MODE AM1

[0032] This model consists of a multilevel patch type
antenna, shown in figure 8, which operates simultane-
ously inbands GSM 900 (890 MHz - 960 MHz) and GSM
1800 (1710 MHz - 1880 MHz) and provides a sector ra-
diation diagram in a horizontal plane. The antenna is
conceived mainly (although not limited to) for use in
base stations of GSM 900 and 1800 mobile telephony.
[0033] The multilevel structure (8.10), or antenna
patch, consists of a printed copper sheet on a standard
fiberglass printed circuit board. The multilevel geometry
consists of 5 triangles (8.1-8.5) joined at their vertices,
as shown in figure 8, with an external perimeter shaped
as an equilateral triangle of height 13.9 cm (8.6). The
bottom triangle has a height (8.7) of 8.2 cm and together
with the two adjacent triangles form a structure with a
triangular perimeter of height 10.7 cm (8.8).

[0034] The multilevel patch (8.10) is mounted parallel
to an earth plane (8.9) of rectangular aluminum of 22 x
18.5 cm. The separation between the patch and the
earth plane is 3.3 cm, which is maintained by a pair of
dielectric spacers which act as support (8.12).

[0035] Connection to the antenna is at two points of
the multilevel structure, one for each operational band
(GSM 900 and GSM 1800). Excitation is achieved by a
vertical metal post perpendicular to the mass plane and
tothe multilevel structure, capacitively finished by a met-
al sheet which is electrically coupled by proximity (ca-
pacitive effect) to the patch. This is a standard system
in patch configuration antennae, by which the object is
to compensate the inductive effect of the post with the
capacitive effect of its finish.
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[0036] Atthe base of the excitation post is connected
the circuit which interconnects the elements andthe port
of access to the antenna or connector (8.13). Said in-
terconnexion circuit may be formed with microstrip, co-
axial or strip-line technology to name a few examples,
and incorporates conventional adaptation networks
which transform the impedance measured at the base
of the post to 50 ohms (with a typical tolerance in the
standing wave relation (SWR) usual for these applica-
tion under 1.5) required at the input/output antenna con-
nector. Said connector is generally of the type N or SMA
for micro-cell base station applications.

[0037] In addition to adapting the impedance and pro-
viding an interconnection with the radiating element the
interconnection network (8.11) may include a diplexor
allowing the antenna to be presented in a two connector
configuration (one for each band) or in a single connec-
tor for both bands.

[0038] For a double connector configuration in order
to increase the insulation between the GSM 900 and
GSM 1800 (DCS) terminals, the base of the DCS band
excitation post may be connected to a parallel stub of
electrical length equalto half awavelength, inthe central
DCS wavelength, and finishing in an open circuit. Sim-
ilarly, atthe base of the GSM 900 lead can be connected
a parallel stub ending in an open circuit of electrical
length slightly greater than one quarter of the wave-
length at the central wavelength of the GSM band. Said
stub introduces a capacitance in the base of the con-
nection which may be regulated to compensate the re-
sidual inductive effect of the post. Furthermore, said
stub presents a very low impedance in the DCS band
which aids in the insulation between connectors in said
band.

[0039] Infigures 9 and 10 are shown the typical radi-
oelectric behavior for this specific embodiment of a dual
multilevel antenna.

[0040] Figure 9 shows return losses (L,) in GSM (9.1)
and DCS (9.2), typically under -14 dB (which is equiva-
lent to SWR <1.5), so that the antenna is well adapted
in both operation bands (890 MHz-960 MHz and 1710
MHz-1880 MHz).

[0041] Radiation diagrams in the vertical (10.1 and
10.3) and the horizontal plane (10.2 and 10.4) for both
bands are shown in figure 10. It can be seen clearly that
both antennae radiate using a main lobe in the direction
perpendicular to the antenna (10.1 and 10.83), and that
in the horizontal plane (10.2 and 10.4) both diagrams
are sectorial with a typical beam width at 3 dB of 65°.
Typical directivity (d) in both bands is d>7 Db.

Mode AM2

[0042] This model consists of a multilevel antenna in
a monopole configuration, shown in figure 11, for wire-
less communications systems for indoors or in local ac-
cess environments using radio.

[0043] The antenna operates in a similar manner si-
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multaneously for the bands 1880 MHz-1930 MHz and
3400 MHz-3600 MHz, such as in installations with the
system DECT. The multilevel structure is formed by
three or five triangles (see figures 11 and 3.6) to which
may be added an inductive loop (11.1). The antenna
presents an omnidirectional radiation diagram in the
horizontal plane and is conceived mainly for (but not lim-
ited to) mounting on roof or floor.

[0044] The multilevel structure is printed on a Rogers
R0O40083 dielectric substrate (11.2) of 5.5 cm width, 4.9
cm height and 0.8 mm thickness, and with a dielectric
permittivity equal to 3.38. the multilevel element con-
sists of three triangles (11.3-11.5) joined at the vertex;
the bottom triangle (11.3) has a height of 1.82 cm, while
the multilevel structure has a total height of 2.72 cm. In
orderto reduce the total size f the antenna the multilevel
element is added an inductive loop (11.1) at its top with
a trapezoidal shape in this specific application, so that
the total size of the radiating element is 4.5 cm.

[0045] The multilevel structure is mounted perpendic-
ularly on a metallic (such as aluminum) earth plane
(11.6) with a square or circular shape about 18 cm in
length or diameter. The bottom vertex of the element is
placed on the center of the mass plane and forms the
excitation point for the antenna. At this point is connect-
ed the interconnection network which links the radiating
elementtothe input/output connector. Said interconnec-
tion network may be implemented as a microstrip, strip-
line or coaxial technology to name a few examples. In
this specific example the microstrip configuration was
used. In addition to the interconnection between radiat-
ing element and connector, the network can be used as
an impedance transformer, adapting the impedance at
the vertex of the multilevel element to the 50 Ohms (L <-
14 dB, SWR <1.5) required at the input/output connec-
tor.

[0046] Figures 12 and 13 summarize the radioelectric
behavior of antennae in the lower (1900) and higher
bands (3500).

[0047] Figure 12 shows the standing wave ratio
(SWR) for both bands: Figure 12.1 forthe band between
1880 and 1930 MHz, and Figure 12.2 for the band be-
tween 3400 and 3600 MHz. These show that the anten-
na is well adapted as return losses are under 14 dB, that
is, SWR <1.5 for the entire band of interest.

[0048] Figure 13 showstypicalradiation diagrams. Di-
agrams (13.1), (13.2) and (13.3) at 1905 MHz measured
in the vertical plane, horizontal plane and antenna
plane, respectively, and diagrams (13.4), (13.5) and
(13.6) at 3500 MHz measured in the vettical plane, hor-
izontal plane and antenna plane, respectively.

[0049] Onecan observe an omnidirectional behaviour
in the horizontal plane and a typical bilobular diagram
in the vertical plane with the typical antenna directivity
above 4 dBiin the 1900 band and 6 dBiin the 3500 band.
[0050] Inthe antenna behavior it should be remarked
that the behavior is quite similar for both bands (both
SWR and in the diagram) which makes it a multiband
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antenna.

[0051] Both the AM1 and AM2 antennae will typically
be coated in a dielectric radome which is practically
transparent to electromagnetic radiation, meant to pro-
tect the radiating element and the connection network
from external aggression as well as to provide a pleas-
ing external appearance.

[0052] A multilevel antenna, can be used as a multi-
band or miniature resonator when it radiates inefficient-
ly.

[0053] Multilevel antennas, can incorporate an inter-

connection circuit which links the structure to an input/
output connector and which is used to incorporate ad-
aptation networks for impedances, filters or diplexers.
[0054] Further aspects of the present invention are
described in the dependent claims.

[0055] It is not considered necessary to extend this
description in the understanding that an expert in the
field would be capable of understanding its scope and
advantages resulting thereof, as well as to reproduce it.

Claims

1. An antenna including at least one multilevel struc-
ture wherein the multilevel structure comprises a
set of polygonal or polyhedral elements having the
same number of sides or faces, characterised in
that not all the polygonal or polyhedral elements
have the same size, each of said elements being
electromagnetically coupled to at least one other of
said elements either directly through at least one
point of contact or through a small separation pro-
viding coupling, wherein for at least 75% of said po-
lygonal or polyhedral elements, the region or area
of contact between said polygonal or polyhedral el-
ements is less than 50% of the perimeter or area of
said elements, thereby allowing to geometrically
distinguish in the multilevel structure the majority of
the polygonal or polyhedral elements which form it.

2. An antenna including at least one multilevel struc-
ture according to claim 1, characterized in that the
antenna is a multiband antenna.

3. An antenna including at least one multilevel struc-
ture accordingto claim 1 or 2, characterized in that
the multilevel structure comprises polygonal or pol-
yhedral elements of at least two different types of
shapes.

4. An antenna including at least one multilevel struc-
ture according to the any of the preceding claims,
characterized in that not all the regions or areas
of contact between polygonal or polyhedral ele-
ments have the same size.

5. An antenna including at least one multilevel struc-
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ture accordingto any of the preceding claims, char-
acterized in that the multilevel structure comprises
at least four polygonal or polyhedral elements.

An antenna including at least one multilevel struc-
ture, according to any of the preceding claims,
characterized in that at least one multilevel struc-
ture is formed exclusively by triangles.

An antenna including at least one multilevel struc-
ture, according to any of the claims 1 to 5, charac-
terized in that the multilevel structure is formed ex-
clusively by polygons of a single type, selected from
the group consisting of: four sided polygons, penta-
gons, hexagons, heptagons, octagons, decagons,
dodecagons,

An antenna including at least one multilevel struc-
ture, according to any of the claims 1 to 5, charac-
terized in that the multilevel structure is formed ex-
clusively by circles or ellipses.

An antenna including at least one multilevel struc-
ture, according to any of the claims 1 to 5, charac-
terized in that at least one multilevel structure is
formed exclusively by polyhedrons.

An antenna including at least one multilevel struc-
ture, according to any of the claims 1 to 5, charac-
terized in that at least one multilevel structure is
formed exclusively by cylinders or cones.

An antenna including at least one multilevel struc-
ture, according to any of the preceding claims,
characterized in that the multilevel structure is
mounted in @ monopole configuration.

An antenna including at least one multilevel struc-
ture, according to claim 11, characterized in that
said monopole is mounted substantially perpendic-
ular to a groundplane.

An antenna including at least one multilevel struc-
ture, according to claims 1 to 8, characterized in
that the multilevel structure is mounted substantial-
ly parallel to the earth plane in a patch antenna con-
figuration.

An antenna including at least one multilevel struc-
ture, according to claims 9 and 10, characterized
in that the multilevel structure is included in one of
the radiating elements of a planar microstrip or
patch structure with at least one parasitic element.

An antenna including at least one multilevel struc-
ture, according to any of the claims 1 to 8, charac-
terized in that the multilevel structure is included
in at least one arm of a dipole configuration anten-
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na.

An antenna including at least one multilevel struc-
ture, according toany of the claims 1 to 7, charac-
terized in that the multilevel structure forms part of
the antenna in a substantially coplanar configura-
tion with a groundplane.

An antenna including at least one multilevel struc-
ture, according to claims 1 to 7, characterized in
that the multilevel structure forms at least one of
the faces in a pyramidal horn.

An antenna including at least one multilevel struc-
ture, according to claims 1 to 8, characterized in
that the multilevel structure orits perimeter form the
cross section of a conical or pyramidal horn type
antenna.

An antenna including at least one multilevel struc-
ture, according to claims 1 to 8, characterized in
that the perimeter of the multilevel structure deter-
mines the shape of at least one loop in a spiral an-
tenna.

An antenna including at least one multilevel struc-
ture, according to claims 1 to 8, characterized in
that it is part of an array of antennas.

An antenna including at least one multilevel struc-
ture, according to claims 1 to 8, characterized in
that the multilevel structure is constructed from a
conducting, superconducting or dielectric material,
or a combination thereof.

An antenna including at least one multilevel struc-
ture, according to claims 1 to 8, characterized in
that the antenna has a smaller size comparedto a
circular, square or triangular antenna whose perim-
eter can be circumscribed in the multilevel structure
and which operates in the same frequency of reso-
nance.

An antenna including at least one multilevel struc-
ture, according to any of the claims 1 to 8, charac-
terized in that the multiband behavior allows it to
operate simultaneously in several frequencies and
thereby to be shared by several communication
services or systems.

ain antenna including at least one multilevel struc-
ture, according to any of the claims 1 to 8, charac-
terized in that it is used in base stations of mobile
telephony, in communications terminals such as
transmitters or receivers, in vehicles, communica-
tions satellites or in radar systems.

An antenna including at least one multilevel struc-
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ture, according to any of the claims 1 to 8, charac-
terized in that is used as a multiband or miniature
resonator when it radiates inefficiently.

An antenna including at least one multilevel struc-
ture, according to any of the claims 1 to 8, charac-
terized in that incorporates an interconnection cir-
cuitwhich links the structure to the input/output con-
nector and which is used to incorporate adaptation
networks for impedances, filters or diplexers.

An antenna including at least one multilevel struc-
ture, according to any of the claims 1 to 8, charac-
terized in thatthe multilevel structure is loaded with
capacitive or inductive elements to change at least
one among the following features: size, resonance
frequency, radiation patterns or impedance.

An antenna including at least one multilevel struc-
ture, according to any of the claims 1 to 8, charac-
terized in that comprises several multilevel struc-
tures of the same type, that is with the same char-
acteristic polygon or polyhedron, same number, ar-
rangement and coupling between elements, re-
ferred to as first level structures, are grouped in
higher order structures in a manner similar to that
of the polygonal or polyhedral elements which form
the first level multilevel structure.

An antenna including at least one multilevel struc-
ture, according to any of the claims 1 to 6, charac-
terized in that the multilevel structure comprises
five triangles joined at their vertices, and forms an
external perimeter shaped as a triangle.

An antenna including at least one multilevel struc-
ture, according to any of the claims 1 to 6, charac-
terized in that the multilevel structure comprises
five triangles joined at their vertices, and a trapezoi-
dal-shaped inductive loop joined at its top.

An antenna including at least one multilevel struc-
ture, according to any of the claims 1 to 8, charac-
terized in that the multilevel structure consist of a
printed copper sheet on a fiberglass printed circuit
board.

An antenna including at least one multilevel struc-
ture according to any preceding claims character-
ized in that said antenna operates at least at both
GSM and DCS bands.

An antenna including art least one multilevel struc-
ture according to any preceding claims character-
ized in that said antenna operates at multiple fre-
quency bands, and wherein at least one of said fre-
quency bands is operating within the 890-960 MHz
- 1710-1880 MHz frequency range.
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35.

36.

An antenna including at least one multilevel struc-
ture according to any preceding claims character-
ized in that said antenna operates at multiple fre-
quency bands, and wherein at least one of said fre-
quency bands is operating within the 1880-1930
MHz - 3400-3600 MHz frequency range.

An antenna including at least one multilevel struc-
ture according to any preceding claims character-
ized in that the number of operating bands is pro-
portional to the number of levels of the multilevel
structure.

Portable communications device incorporating and
antenna according to any of the preceding claims.

Patentanspriiche

1.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthalt, wobei die Struktur mit mehre-
ren Ebenen eine Gruppe vieleckiger oder vielflachi-
ger Elemente mit der gleichen Anzahl von Seiten
bzw. Fladchen umfasst, dadurch gekennzeichnet,
dass nicht alle der vieleckigen oder vielfldchigen
Elementen die gleiche GréBe haben, wobei jedes
der Elemente entweder direkt Uber wenigstens ei-
nen Kontaktpunkt oder tiber einen kleinen Abstand,
der Kopplung bewirkt, elektromagnetisch mit we-
nigstens einem anderen der Elemente gekoppelt ist
und flr wenigstens 75% der vieleckigen oder viel-
flachigen Elemente der Bereich bzw. die Flache des
Kontakies zwischen den vieleckigen oder vielflachi-
gen Elementen weniger als 50% des Umfangs bzw.
der Flache der Elemente betragt, so dass in der
Struktur mit mehreren Ebenen die Mehrzahl der
vieleckigen bzw. vielflachigen Elementen, die sie
bilden, geometrisch unterschieden werden kann.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen nach Anspruch 1 enthélt, dadurch ge-
kennzeichnet, dass die Antenne eine Mehrband-
antenne ist.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthélt, nach Anspruch 1 oder 2, da-
durch gekennzeichnet, dass die Struktur mit meh-
reren Ebenen vieleckige oder vielflachige Elemente
wenigstens zweier verschiedener Typen von For-
men umfasst.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthilt, nach einem der vorangehen-
den Anspriche, dadurch gekennzeichnet, dass
nicht alle Bereiche oder Flachen von Kontakt zwi-
schen vieleckigen bzw. vielflachigen Elementen die
gleiche GréBe haben.
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Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthélt, nach einem der vorangehen-
den Anspriiche, dadurch gekennzeichnet, dass
die Struktur mit mehreren Ebenen wenigstens vier
vieleckige oder vielflichige Elemente umfasst.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthélt, nach einem der vorangehen-
den Anspriiche, dadurch gekennzeichnet, dass
wenigstens eine Struktur mit mehreren Ebenen
ausschlieBlich durch Dreiecke gebildet wird.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthalt, nach einem der Anspriiche 1
bis 5, dadurch gekennzeichnet, dass die Struktur
mit mehreren Ebenen ausschlieBlich durch Vielek-
ke eines einzelnen Typs gebildet wird, die aus der
Gruppe ausgewdhlt werden, die besteht aus:

vierseitigen Vielecken, Flnfecken, Sechsek-
ken, Siebenecken, Achtecken, Zehnecken,
Zwdlfecken.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthalt, nach einem der Anspriiche 1
bis 5, dadurch gekennzeichnet, dass die Struktur
mit mehreren Ebenen ausschlieBlich durch Kreise
oder Ellipsen gebildet wird.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthalt, nach einem der Anspriiche 1
bis 5, dadurch gekennzeichnet, dass wenigstens
eine Struktur mit mehreren Ebenen ausschlieBlich
durch Vielflachner gebildet wird.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthalt, nach einem der Anspriiche 1
bis 5, dadurch gekennzeichnet, dass wenigstens
eine Struktur mit mehreren Ebenen ausschlieBlich
durch Zylinder oder Kegel gebildet wird.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthélt, nach einem der vorangehen-
den Anspriiche, dadurch gekennzeichnet, dass
die Struktur mitmehreren Ebenen in einer Monopol-
Konfiguration angebracht ist.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthilt, nach Anspruch 11, dadurch
gekennzeichnet, dass der Monopol im Wesentli-
chen senkrecht zu einer Massefldche angebracht
ist.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthélt, nach den Anspriichen 1 bis 8,
dadurch gekennzeichnet, dass die Struktur mit
mehreren Ebenen im Wesentlichen parallel zu der
Erdflache in einer Patch-Antennenkonfiguration an-
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gebracht ist.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthélt, nach den Anspriichen 9 und
10, dadurch gekennzeichnet, dass die Struktur
mit mehreren Ebenen in einem der Strahlungsele-
mente einer planaren Mikrostreifen- oder Patch-
Struktur mit wenigstens einem parasitren Element
enthalten ist.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthélt, nach einem der Anspriiche 1
bis 8, dadurch gekennzeichnet, dass die Struktur
mit mehreren Ebenen in wenigstens einem Arm ei-
ner Dipolkonfigurations-Antenne enthalten ist.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthélt, nach einem der Anspriiche 1
bis 7, dadurch gekennzeichnet, dass die Struktur
mit mehreren Ebenen einen Teil der Antenne in ei-
ner im Wesentlichen koplanaren Konfiguration mit
einer Masseflache bildet.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthélt, nach den Anspriichen 1 bis 7,
dadurch gekennzeichnet, dass die Struktur mit
mehreren Ebenen wenigstens eine der Flachen in
einem Pyramidenhorn bildet.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthélt, nach den Anspriichen 1 bis 8,
dadurch gekennzeichnet, dass die Struktur mit
mehreren Ebenen oder ihr Umfang den Querschnitt
einer Trichter- oder Pyramidenhom-Antenne bildet.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthélt, nach den Anspriichen 1 bis 8,
dadurch gekennzeichnet, dass der Umfang der
Struktur mitmehreren Ebenen die Form wenigstens
einer Schleife in einer Spiralantenne hat.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthélt, nach den Anspriichen 1 bis 8,
dadurch gekennzeichnet, dass sie Teil einer
Gruppe von Antennen ist.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthélt, nach den Anspriichen 1 bis 8,
dadurch gekennzeichnet, dass die Struktur mit
mehreren Ebenen aus einem leitenden, supralei-
tenden oder dielektrischen Material oder einer
Kombination daraus aufgebaut ist.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthélt, nach den Anspriichen 1 bis 8,
dadurch gekennzeichnet, dass die Antenne eine
geringere GroBe hat als eine kreisférmige, vierek-
kige oder dreieckige Antenne, deren Umfang in die
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Struktur mitmehreren Ebenen eingeschrieben wer-
den kann und die bei der gleichen Resonanzfre-
quenz arbeitet.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthalt, nach einem der Anspriiche 1
bis 8, dadurch gekennzeichnet, dass es ihr das
Mehrbandverhalten erlaubt, gleichzeitig bei mehre-
ren Frequenzen zu arbeiten, und so von mehreren
Kommunikationsdiensten oder -systemen gemein-
sam genutzt zu werden.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthalt, nach einem der Anspriiche 1
bis 8, dadurch gekennzeichnet, dass sie in Mo-
bilfunk-Basisstationen, in Kommunikations-Endge-
raten, wie beispielsweise Sendern oder Empfén-
gern, in Fahrzeugen, Kommunikationssatelliten
oder in Radarsystemen eingesetzt wird.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthalt, nach einem der Anspriiche 1
bis 8, dadurch gekennzeichnet, dass sie als ein
Mehrbandoder Miniatur-Resonator verwendet wird,
wenn sie unwirksam strahlt.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthalt, nach einem der Anspriiche 1
bis 8, dadurch gekennzeichnet, dass sie eine Ver-
bindungsschaltung enthalt, die die Struktur mit dem
Eingangs-/Ausgangs-Verbinder verbindet, und die
dazu dient, Anpassungsnetze fur Impedanzen, Fil-
ter oder Diplexer zu integrieren.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthalt, nach einem der Anspriiche 1
bis 8, dadurch gekennzeichnet, dass die Struktur
mit mehreren Ebenen mit kapazitiven oder indukti-
ven Elementen bestiickt ist, um wenigstens eines
der folgenden Merkmale zu &ndern: GréBe, Reso-
nanzfrequenz, Strahlungscharakteristik oder Impe-
danz.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthalt, nach einem der Anspriiche 1
bis 8, dadurch gekennzeichnet, dass sie mehrere
Strukturen mit mehreren Ebenen des gleichen Typs
umfasst, d.h. mit dem gleichen charakteristischen
Vieleck oder Vielflichner, der gleichen Anzahl, An-
ordnung und Verbindung zwischen Elementen, die
als Strukturen der ersten Ebene bezeichnet werden
und in Strukturen héherer Ordnung auf &hnliche
Weise wie die vieleckigen oder vielflachigen Ele-
mente gruppiert sind, die die Struktur mit mehreren
Ebenen der ersten Ebene bilden.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthalt, nach einem der Anspriiche 1
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bis 6, dadurch gekennzeichnet, dass die Struktur
mit mehreren Ebenen flinf Dreiecke umfasst, die an
ihren Scheitelpunkten verbunden sind, und einen
AuBenumfang bildet, der wie ein Dreieck geformt
ist.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthélt, nach einem der Anspriiche 1
bis 6, dadurch gekennzeichnet, dass die Struktur
mit mehreren Ebenen flinf Dreiecke, die an ihren
Scheitelpunkten verbunden sind, sowie eine tra-
pezférmige induktive Schleife umfasst, die an ihrem
oberen Ende verbunden ist.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthélt, nach einem der Anspriiche 1
bis 8, dadurch gekennzeichnet, dass die Struktur
mit mehreren Ebenen aus einer bedruckten Kupfer-
folie auf einer Glasfaser-Leiterplatte besteht.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthilt, nach einem der vorangehen-
den Anspriche, dadurch gekennzeichnet, dass
die Antenne wenigstens sowohl im GSM- als auch
im DCS-Band arbeitet.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthilt, nach einem der vorangehen-
den Anspriche, dadurch gekennzeichnet, dass
die Antenne in mehreren Frequenzb&ndern arbei-
tet, wobei wenigstens eines der Frequenzbénder in
dem Frequenzbereich 890-960MHz - 1710-1880
MHz arbeitet.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthilt, nach einem der vorangehen-
den Anspriche, dadurch gekennzeichnet, dass
die Antenne in mehreren Frequenzb&ndern arbei-
tet, wobei wenigstens eines der Frequenzbénder in
dem Frequenzbereich 1880-1930 MHz - 3400-3600
MHz arbeitet.

Antenne, die wenigstens eine Struktur mit mehre-
ren Ebenen enthilt, nach einem der vorangehen-
den Anspriche, dadurch gekennzeichnet, dass
die Anzahlvon Arbeitsbdndern proportional zur An-
zahlvon Ebenen der Struktur mit mehreren Ebenen
ist.

Tragbare Kommunikationsvorrichtung, in die eine
Antenne nach einem der vorangehenden Ansprii-
che integriert ist.

Revendications

1.

Antenne comprenant au moins une structure multi-
niveau dans laquelle la structure multiniveau com-
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prend une série d'éléments polygonaux ou polyé-
driques ayant le méme nombre de cbtés ou de fa-
ces, caractérisée en ce que les éléments polygo-
naux ou polyédriques n'ont pas tous la méme taille,
chacun des éléments étant couplé de maniére élec-
tromagnétique & au moins un autre des éléments
soit directement par au moins un point de contact
soit par une petite séparation assurant le couplage,
dans laquelle pour au moins 75% des éléments po-
lygonaux ou polyédriques, la région ou la zone de
contact entre les éléments polygonaux ou polyédri-
ques est inférieure & 50% du périmétre ou surface
des éléments, ce qui permet de distinguer géomé-
triguement dans la structure multiniveau la majorité
des éléments polygonaux ou polyédriques qui la
forment.

Antenne comprenant au moins une structure multi-
niveau selon la revendication 1, caractérisée en ce
que l'antenne est une antenne multibande.

Antenne comprenant au moins une structure multi-
niveau selon la revendication 1 ou 2, caractérisée
en ce que |a structure multiniveau comprend des
éléments polygonaux ou polyédriques d'au moins
deux types de formes différents.

Antenne comprenant au moins une structure multi-
niveau selon l'une quelconque des revendications
précédentes, caractérisée en ce que

toutes les régions ou zones de contact entre les élé-
ments polygonaux ou polyédriques n'ont pas la mé-
me taille.

Antenne comprenant au moins une structure multi-
niveau selon l'une quelconque des revendications
précédentes, caractérisée en ce que
la structure multiniveau comprend au moins quatre
éléments polygonaux ou polyédriques.

Antenne comprenant au moins une structure multi-
niveau selon l'une quelconque des revendications
précédentes, caractérisée en ce que

au moins une structure multiniveau est formée ex-
clusivement par des triangles.

Antenne comprenant au moins une structure multi-
niveau selon l'une quelconque des revendications
1 a 5, caractérisée en ce que la structure multini-
veau est formée exclusivement par des polygones
d'un seul type, sélectionnés dans un groupe com-
posé de: polygones a quatre cbtés, pentagones,
hexagones, heptagones, octogones, décagones,
dodécagones.

Antenne comprenant au moins une structure multi-
niveau selon l'une quelconque des revendications
1 a 5, caractérisée en ce que la structure multini-
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veau est formée exclusivement par des cercles ou
des ellipses.

Antenne comprenant au moins une structure multi-
niveau selon l'une quelconque des revendications
1 a 5, caractérisée en ce que au moins une struc-
ture multiniveau est formée exclusivement par des
polyedres.

Antenne comprenant au moins une structure multi-
niveau selon l'une quelconque des revendications
1 a 5, caractérisée en ce que au moins une struc-
ture multiniveau est formée exclusivement par des
cylindres ou des cones.

Antenne comprenant au moins une structure multi-
niveau selon l'une quelconque des revendications
précédentes, caractérisée en ce que

la structure multiniveau est montée dans une con-
figuration monopolaire.

Antenne comprenant au moins une structure multi-
niveau selon la revendication 11, caractérisée en
ce que le monopole est monté de maniere sensi-
blement perpendiculaire a un plan de sol.

Antenne comprenant au moins une structure multi-
niveau selon les revendications 1 a 8, caractérisée
en ce que la structure multiniveau est montée de
maniére sensiblement paralléle au plan de masse
dans une configuration d'antenne a plaque.

Antenne comprenant au moins une structure multi-
niveau selon les revendications 9 et 10, caractéri-
sée en ce que la structure multiniveau est comprise
dans I'un des éléments rayonnants d'un microruban
planaire ou structure a plaque avec au moins un
élément passif.

Antenne comprenant au moins une structure multi-
niveau selon l'une quelconque des revendications
1 a 8, caractérisée en ce que la structure multini-
veau est comprise dans au moins un bras d'une an-
tenne a configuration bipolaire.

Antenne comprenant au moins une structure multi-
niveau selon l'une quelconque des revendications
1 a 7, caractérisée en ce que la structure multini-
veau fait partie de I'antenne dans une configuration
sensiblement dans le méme plan que le plan de sol.

Antenne comprenant au moins une structure multi-
niveau selon les revendications 1 a 7, caractérisée
en ce que la structure multiniveau forme au moins
l'une des faces dans un cornet pyramidal.

Antenne comprenant au moins une structure multi-
niveau selon les revendications 1 a 8, caractérisée
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en ce que la structure multiniveau ou son périmétre
forment la coupe d'une antenne de type cornet co-
nique ou pyramidal.

Antenne comprenant au moins une structure multi-
niveau selon les revendications 1 a 8, caractérisée
en ce que le périmétre de la structure multiniveau
détermine la forme d'au moins une boucle dans une
antenne a spirale.

Antenne comprenant au moins une structure multi-
niveau selon les revendications 1 a 8, caractérisée
en ce qu'elle fait partie d'une matrice d'antennes.

Antenne comprenant au moins une structure multi-
niveau selon les revendications 1 a 8, caractérisée
en ce que la structure multiniveau est construite a
partir d'un matériau conducteur, super-conducteur
ou diélectrique ou d'une combinaison de ces der-
niers.

Antenne comprenant au moins une structure multi-
niveau selon les revendications 1 a 8, caractérisée
en ce que l'antenne a une forme plus petite com-
parée a une antenne circulaire, carrée ou triangu-
laire dont le périmétre peut étre circonscrit dans la
structure multiniveau et qui fonctionne dans la mé-
me fréquence de résonance.

Antenne comprenant au moins une structure multi-
niveau selon les revendications 1 a 8, caractérisée
en ce que le comportement multibande lui permet
de fonctionner simultanément dans plusieurs fré-
quences et par conséquent d'étre partagée par plu-
sieurs services ou systémes de communication.

Antenne comprenant au moins une structure multi-
niveau selon les revendications 1 a 8, caractérisée
en ce qu' elle est utilisée dans des stations de base
de téléphonie mobile, dans des terminaux de com-
munication tels que des émetteurs ou récepteurs,
dans des véhicules, des satellites de communica-
tion ou des systémes radar.

Antenne comprenant au moins une structure multi-
niveau selon les revendications 1 a 8, caractérisée
en ce qu' elle est utilisée comme résonateur multi-
bande ou miniature lorsque ses radiations sont inef-
ficaces.

Antenne comprenant au moins une structure multi-
niveau selon les revendications 1 a 8, caractérisée
en ce qu' elle intégre un circuit d'interconnexion qui
relie la structure au connecteur d'entrée/sortie et
qui est utilisé pour incorporer des réseaux d'adap-
tation pour les impédances, les filtres ou les di-
plexeurs.
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Antenne comprenant au moins une structure multi-
niveau selon les revendications 1 a 8, caractérisée
en ce que la structure multiniveau estchargée avec
des éléments capacitifs ou inductifs pour changer
au moins l'une des caractéristiques suivantes :
taille, fréquence de réscnance, motifs de radiation
ou impédance.

Antenne comprenant au moins une structure multi-
niveau selon les revendications 1 a 8, caractérisée
en ce qu' elle comprend plusieurs structures mul-
tiniveau du méme type, c'est a dire avec le méme
polygone ou polyédre caractéristique, le méme
nombre, le méme agencement et le méme coupla-
ge entre les éléments, appelées structures de pre-
mier niveau qui sont groupées en structures d'ordre
supérieur d'une maniére similaire a celle des élé-
ments polygonaux ou polyédriques qui forment la
structure multiniveau de premier niveau.

Antenne comprenant au moins une structure multi-
niveau selon les revendications 1 a 6, caractérisée
en ce que la structure multiniveau comprend cing
triangles joints & leurs sommets et forme un péri-
métre extérieur ayant la forme d'un triangle.

Antenne comprenant au moins une structure multi-
niveau selon les revendications 1 a 6, caractérisée
en ce que la structure multiniveau comprend cing
triangles joints a leurs sommets et une boucle in-
ductive de forme trapézoidale jointe & son sommet.

Antenne comprenant au moins une structure multi-
niveau selon les revendications 1 a 8, caractérisée
en ce que |a structure multiniveau consiste en une
feuille de cuivre imprimé sur une carte de circuit im-
primé en fibre de verre.

Antenne comprenant au moins une structure multi-
niveau selon l'une quelconque des revendications
précédentes, caractérisée en ce que

I'antenne fonctionne au moins a la fois sur les ban-
des GSM et DCS.

Antenne comprenant au moins une structure multi-
niveau selon l'une quelconque des revendications
précédentes, caractérisée en ce que

l'antenne fonctionne sur des bandes de fréquence
multiples et dans laquelle au moins l'une des ban-
des de fréquence fonction dans la gamme de fré-
quence comprise entre 890-960 Mhz et 1710-1880
Mhz.

Antenne comprenant au moins une structure multi-
niveau selon l'une quelconque des revendications
précédentes, caractérisée en ce que

l'antenne fonctionne sur des bandes de fréquence
multiples et dans laquelle au moins l'une des ban-
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des de fréquence fonctionne dans la gamme de fré-
quence comprise entre 1880-1930 Mhz et
3400-3600 Mhz.

Antenne comprenant au moins une structure multi-
niveau selon l'une quelconque des revendications
précédentes, caractérisée en ce que

le nombre de bandes sur lesquelles elle peut fonc-
tionner est proportionnel au nombre de niveaux de
la structure multiniveau.

Systéme de communication portable incorporant
une antenne selon l'une quelconque des revendi-
cations précédentes.
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