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(57) A multiband antenna comprising at least a first
and a second sub-antenna, the first and the second sub-
antenna respectively including a plurality of radiating el-
ements (12,22), the first sub-antenna and the second
sub-antenna being placed side by side, the multiband
antenna further comprising a third sub-antenna, the third
sub-antenna including at least a first radiating element
(32) and a second radiating element (32), the first radi-
ating element (32) being disposed concentrically with re-
gards to a radiating element (12) of the first sub-antenna
and the second radiating element (32’) being disposed
concentrically with regards to a radiating element (22) of
the second sub-antenna.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to the technical
field of multiple band antennas, and particularly to mul-
tiple band antennas architecture optimization.

BACKGROUND OF THE INVENTION

[0002] A multiple band (known also as multiband) an-
tenna is generally formed by a set of single antennas,
also referred as "sub-antennas", each one of this single
antenna being able to radiate (i.e. to transmit) or receive
radio waves in a specific frequency band. Indeed, for a
multiband antenna the different sub-antennas are con-
jugated/combined in one antenna, while maintaining as
much as possible each sub-antennas performance, for
instance efficiency or gain associated to each sub-an-
tenna. As non-limitative example, a multiband antenna
may be a panel antenna comprising three dual-polar an-
tennas/sub-antennas, for instance a low band antenna
(ex: 698-960 MHz band) used by radio technologies such
as LTE, GSM or UMTS, a high band antenna (ex:
1710-2170 MHz band) used by radio technologies such
as DCS or UMTS and an ultra-broadband high band (ex:
2300-2690 MHz band) antenna used by radio technolo-
gies such as DCS, PCS, UMTS, AWS, WiMAX or LTE.
[0003] While multiband antennas are already deployed
on cell sites, operators are currently looking for a solution
permitting to replace the existing ones by new antennas
in order to upgrade the cell sites. For instance, a mobile
operator may want to integrate a new radio technology
in a new frequency band, such as WiMAX/LTE on a dual-
polarized panel antenna supporting only GSM and
DCS/UMTS radio technologies. This situation involves
various technical challenges. Indeed, the upgrade should
have noimpacts on existing sub-antennas performances
(ex: gain, efficiency), while the total antenna form factor
should remain the same, in order to minimize constraints
such as visual pollution, costs or wind-load. This means
that in such multiband antenna, radiating elements of
each sub-antenna should be physically very close, while
at the same time each sub-antenna radiation should not
have majorimpact on other sub-antennas performances.
[0004] In order to answer these technical challenges,
various architectures are commonly used, for instance
when considering a multiband antenna comprising at
least two sub-antennas:

- afirst approach is to place each sub-antenna side-
by-side following the x-axis direction (azimuth) ;

- another known approach is to place each sub-an-
tenna one above the other following the y-axis direc-
tion (elevation) ;

- another known approach is to place the radiating el-
ements of a first sub-antenna concentrically inside
the radiating elements of a second sub-antenna.
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[0005] It is also possible to combine the above de-
scribed configurations. However, such combinations
generally imply that radiating elements are shared be-
tween the sub-antennas with using a duplexer. In this
case, the frequency bands of the antennas should be
different, which is a disadvantage if mobile operators
need to apply antenna algorithms such as MIMO (multi-
ple-input and multiple-output).

[0006] Moreover, when the number of sub-antennas
in a multiband antenna is growing, the use of any of such
combinations remains limited because of the low space
dimensions of multiband antennas.

SUMMARY OF THE INVENTION

[0007] Various embodiments are directed to address-
ing the effects of one or more of the problems set forth
above. The following presents a simplified summary of
embodiments in order to provide a basic understanding
of some aspects of the various embodiments. This sum-
mary is not an exhaustive overview of these various em-
bodiments. It is not intended to identify key of critical el-
ements or to delineate the scope of these various em-
bodiments. Its sole purpose is to present some concepts
in a simplified form as a prelude to the more detailed
description that is discussed later.

[0008] One objectof the presentinvention is to provide
a solution to the aforementioned problems, and offers
other advantages over the prior art. Another object of the
presentinvention is to propose a simple architecture ded-
icated to multiband antennas while maintaining perform-
ances unchanged.

[0009] Another object of the present invention is to in-
crease the number of sub-antennas in a multiband an-
tenna, while keeping the multiband antenna form factor
constant.

[0010] Anotherobjectof the presentinvention is to pro-
vide a multiband antenna compliant with antennas algo-
rithms such as those of MIMO antenna systems.

[0011] Various embodiments relate to a multiband an-
tenna comprising at least a first and a second sub-an-
tenna, the first and the second sub-antenna respectively
including a plurality of radiating elements, the first sub-
antenna and the second sub-antenna being placed side
by side, the multiband antenna further comprising a third
sub-antenna, the third sub-antenna including at least a
first radiating element and a second radiating element,
the first radiating element being disposed concentrically
with regards to a radiating element of the first sub-anten-
na and the second radiating element being disposed con-
centrically with regards to a radiating element of the sec-
ond sub-antenna.

[0012] In accordance with a broad aspect, the third
sub-antenna includes a plurality of radiating elements,
the first radiating element and the second radiating ele-
ment being successive radiating elements in this third
sub-antenna.

[0013] Inaccordance with another broad aspect, in this
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multiband antenna

- the first sub-antenna is formed by a first set of at
least two sub-antennas, the at least two sub-anten-
nas of the first set being disposed one above the
other and including respectively a plurality of radiat-
ing elements ;

- the second sub-antenna is formed by a second set
of at least two sub-antennas, the at least two sub-
antennas of the second set being disposed one
above the other and including respectively a plurality
of radiating elements.

[0014] While the various embodiments are susceptible
to various modification and alternative forms, specific
embodiments thereof have been shown by way of exam-
ple in the drawings. It should be understood, however,
that the description herein of specific embodiments is not
intended to limit the various embodiments to the partic-
ular forms disclosed.

[0015] It may of course be appreciated that in the de-
velopment of any such actual embodiments, implemen-
tation-specific decisions should be made to achieve the
developer’s specific goal, such as compliance with sys-
tem-related and business-related constraints. It will be
appreciated that such a development effort might be time
consuming but may nevertheless be a routine under-
standing for those or ordinary skill in the art having the
benefit of this disclosure.

DESCRIPTION OF THE DRAWING

[0016] The objects, advantages and other features of
various embodiments will become more apparent from
the following disclosure and claims. The following non-
restrictive description of preferred embodiments is given
for the purpose of exemplification only with reference to
the accompanying drawing in which

- Figure 1is a schematic diagram illustrating an archi-
tecture for a multiband antenna according to various
embodiments;

- Figure 2 is a schematic diagram illustrating an archi-
tecture for a pentaband antenna according to various
embodiments.

DETAILED DESCRIPTION OF ILLUSTRATIVE EM-
BODIMENTS

[0017] With reference to figure 1, an architecture for a
multiband antenna is proposed according to one embod-
iment. Inthis embodiment, a multiband antenna101 com-
prises three sub-antennas.

[0018] Itis to be noted that in the entire document, for
drawing simplification, radiating elements with a same
graphical representation within a same multiband anten-
na refers to a same set of radiating elements forming a
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sub-antenna and also to a same numerical reference.
[0019] Each first, second and third sub-antenna com-
prises, respectively, a fixed number of radiating elements
(for instance dipole elements) 11, 21, 31/31’ and oper-
ates (i.e. transmit or receive signals) respectively in a
first, second and third frequency band. The first and sec-
ond sub-antennas, with their respective radiating ele-
ments 11 and 21, are disposed side by side, while taking
into account the limited dimensions (width, height) of the
multiband antenna 101. The radiating elements 31 and
31’ refer to successive radiating elements within the third
sub-antenna.

[0020] In one embodiment, each radiating element 31
and its successive radiating element 31’ in the third sub-
antenna are disposed alternately and concentrically with
regards of the radiating elements 11 and 21 of the first
and second sub-antennas.

[0021] By concentric elements is meant, herein, sep-
arated elements disposed spatially so that having a com-
mon center (ex: an element disposed as an outside/ex-
ternal or inside/internal element with regard to another
element).

[0022] By "disposed alternately and concentrically"”, is
meant here, that

- a radiating element 31 in the third sub-antenna is
disposed concentrically with regard to a radiating 11
element of the first sub-antenna ;

- its successive radiating element 31’ in the third sub-
antenna is disposed concentrically with regard to a
radiating element 21 of the second sub-antenna.

[0023] Forinstance,inone embodiment, as represent-
ed on figure 1, the radiating elements 31/31’ of the third
sub-antenna are used successively as "outside", i.e. as
external concentric elements, whereas the "inside" i.e.
internal concentric elements (with regards to the radiating
elements 31/31’) are alternately the radiating elements
11 and 21 of the first and second sub-antennas. Indeed,
the radiating elements 11 and 21 of the first and second
sub-antennas are disposed in such a way, that some (i.e.
a predetermined number of) radiating elements 11 of the
first sub-antenna and some radiating elements 21 of the
second sub-antenna are arranged alternately and con-
centrically "inside" (i.e. as internal elements with regard
to) the radiating elements 31 and their successive radi-
ating elements 31’ of the third sub-antenna.

[0024] Alternatively, in another embodiment, each ra-
diating element 31 and its successive radiating element
31’ in the third sub-antenna may be disposed alternately
as "inside", i.e. as internal, concentric elements with re-
gard to the radiating elements 11 and 21 of the first and
second sub-antennas. Indeed, any other combination
could be also considered. For instance, each radiating
element 31 and its successive radiating element 31’ in
the third sub-antenna may be also used alternately as
"inside" or "outside" elements in view of the radiating el-
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ements 11 and 21. Such combinations may depend on
radiating elements parameters considerations such as
dimensions or radiating performances.

[0025] Moreover, in one embodiment, in order to max-
imize the performances, such as gain, of each sub-an-
tenna or/and to minimize interferences between sub-an-
tennas (or between specific radiating elements) the ra-
diating elements of a same sub-antenna may not be nec-
essarily aligned. Indeed, some radiating elements of sub-
antennas placed side by side may be aligned, except the
ones which may be concentrically disposed (i.e. having
a common center) with regards to radiating elements of
another sub-antenna.

[0026] Forinstance, as illustrated on figure 1, the non-
concentric radiating elements 11 or 21 of the first or sec-
ond sub-antenna may be aligned, whereas the concentric
elements of these sub-antennas and each radiating ele-
ment 31 and its successive radiating elements 31’ in the
third sub-antenna (which are disposed concentrically)
may be shifted, with regards of aligned radiating ele-
ments included in the first or second sub-antenna. This
may permitto maximize each sub-antenna performances
such as gain or/and minimize interferences.

[0027] In one embodiment, in order to minimize inter-
ferences and increase decoupling between sub-anten-
nas, each element of the ith sub-antenna (where i=1,2 or
3) is placed at distance expressed in terms of a wave-
length Ai with regard to the other elements, wherein Ai is
the wavelength at central frequency of the sub-antenna..
[0028] Asnon limitative example, with reference to Fig-
ure 1 and in order to maximize performances:

- the "vertical" distance between the centers of each
non-concentric element and its successive non-con-
centric element within the first (and second) sub-an-
tenna may be comprised between 0.51i and 1 Ai
(wherei=1or 2);

- the "vertical" distance between the centers of each
concentric element 31 and its successive concentric
element 31’ within the third sub-antenna may be
comprised between 0.5 A3 and 1 A3 ;

- the "horizontal" distance between the centers of
each concentric element 31 and its successive con-
centric element 31’ within the third sub-antenna may
be inferiorto 0.25)\3, in order to optimize its radiation
pattern ;

- the "horizontal" distance between the centers of
each concentric element and its successive non-
concentric element within the first (and second) sub-
antenna may be inferior to 0.251i (where i=1,2) ;

- the "horizontal" distance between the first sub-an-
tenna and the second sub-antenna, may be maxi-
mized in order to increase their decoupling i.e. to
decrease their interactions.
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[0029] It can be understood, that even a same number
of radiating elements 11 and 21 are represented on figure
1, the respective number of these radiating elements is
not necessarily equal. Indeed, the number of radiating
elements 11, 21 may be different, in condition that they
can be used alternately as concentric elements with re-
gards to each radiating element 31 and its successive
radiating element 31°.

[0030] It is also understood that, in order to facilitate
the presentdescription, only three sub-antennas are rep-
resented on figure 1, although obviously more than three
sub-antennas could be also considered. For instance, in
an alternative embodiment, there may be a set of more
than two sub-antennas placed side by side, with respec-
tive radiating elements. In this configuration, another sub-
antenna could be used, in such a way that its successive
radiating elements would be disposed alternately and
concentrically "inside" or "outside" the respective radiat-
ing elements of the set of sub-antennas placed side by
side.

[0031] Inoneembodiment,the previous described em-
bodiments can be combined with a "stacked design", in
order to increase the number of sub-antennas inside the
multiband antenna. Such embodimentis illustrated in fig-
ure 2 with taking as example a pentaband antenna 201.
[0032] The pentaband antenna 201 comprises five
sub-antennas, each one respectively operating in a fre-
quency band and including a fixed number of radiating
elements 12, 22, 32/32’, 42, 52. The first and second
sub-antennas, with their respective radiating elements
12, 22, are placed side by side. The fourth and fifth sub-
antennas with their respective radiating elements 42, 52,
are placed side by side to each other and respectively
above (i.e. forming a "two-level stacked design") the first
and second sub-antennas with their respective radiating
elements 12,22. Theradiating elements 32 and 32’ refers
to successive radiating elements in the third sub-anten-
na. Theradiating elements 32 and 32’ of the third antenna
are placed in such a way, that each radiating element 32
and its successive radiating element 32’ is concentric
(e.g. used as "outside" or "inside" element), alternately
with regards to the respective radiating elements 12, 22,
42, 52 of the first, second, fourth and fifth sub-antennas.
This means that

- on a "first level" of the "stacked design" formed by
the first and second sub-antennas, the radiating el-
ements 12 and 22 are alternately and concentrically
arranged, for instance as internal elements, in view
of each radiating element 32 and its successive ra-
diating element 32’ in the third sub-antenna ;

- on a "second level" of the "stacked design" formed
by the fourth and fifth sub-antennas, the radiating
elements 42 and 52 are alternately and concentri-
cally disposed, for instance as "inside" elements, in
view of each radiating element 32 and its successive
radiating element 32’ in the third sub-antenna.



7 EP 2 889 958 A1 8

[0033] Indeed, since the first and fourth (respectively
the second and fifth) sub-antennas are disposed one
above the other, this configuration could be also seen,
as a configuration of two sub-antennas placed side by
side, each one being respectively formed by a set of two
sub-antennas:

- the first set comprising the first and fourth sub-an-
tennas;

- the second set comprising by the second and fifth
sub-antenna;

- the two sub-antennas respectively formed by each
set of two sub-antennas, being disposed side by
side, as the first and second sub-antennas repre-
sented on figure 1.

[0034] In another embodiment, the third sub-antenna
may be also formed by a third set of sub-antennas, for
instance two or more, the sub-antennas forming the third
set being disposed one above the other and including a
plurality of radiating elements 32 with their successive
radiating elements 32’.

[0035] Advantageously, the described embodiments
are fully compliant with mobile operator’s requirements.
For instance, the existing triple band antennas currently
installed on cell sites, deal generally with one GSM sub-
antenna (frequency band: 800-960 MHz) and two
DCS/UMTS sub-antennas (frequency band: 1710-2200
MHz). In order to upgrade cell sites, currently some mo-
bile operators idea is to replace these triple band anten-
nas and integrate new frequencies band such as
WIMAXI/LTE (frequency band: 2300-2700 MHz), but also
duplicate the number of high band antennas (i.e.
DCS/UMTS/WiIMAX/LTE sub-antennas) in order to sup-
port antenna algorithms such as MIMO algorithms and
improve data rate. This means that one GSM sub-anten-
nas and four DCS/UMTS/WiMAX/LTE sub-antennas are
to be integrated in one. Hence, various technical chal-
lenges are at the same time to keep the same antenna
form, integrate five sub-antennas instead of three and
guarantee at least antenna performances unchanged,
for instance in term of gain. Whereas architectures of the
prior art are not sufficient to integrate five sub-antennas
in one while taking into account multiband antennas di-
mension constraints, the use of a pentaband antenna
such as the one disclosed in figure 2 is appropriate. In-
deed, such embodiments permit to increase the number
of sub-antennas in limited dimensions multiband anten-
nas.

[0036] The described embodiments are of course not
limited to a pentaband antenna comprising five sub-an-
tennas. Indeed, such could be also applied to any multi-
band antenna with no limitation in number of frequencies
and whatever a radiating element of a sub-antenna is.
[0037] For instance, in one embodiment a multiband
antenna may be formed of:
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- afirst set of more than two sub-antennas placed side
by side, each sub-antenna including a plurality of
radiating elements ;

- more than "two levels" of sub-antennas forming a
stacked design: each sub-antenna of the first set
may be formed of (i.e. may be sub-divided in) a sec-
ond set of sub-antennas, the second set comprising
more than two sub-antennas (with their respective
radiating elements) each one being placed one
above the other ;

- a specific sub-antenna with its radiating elements
disposed alternately and concentrically with regards
to the respective radiating elements of sub-antennas
of the first set of sub-antennas placed side by side.

[0038] Inanother embodiment, the specific sub-anten-
na may be also formed by a third set of sub-antenna,
each sub-antenna being disposed one above the other
and/or side by side and including a plurality of radiating
elements.

[0039] Moreover, in order to support antennas algo-
rithms such as MIMO algorithms, two sub-antennas or
more may operate in a same band of frequency (ex:
DCS/UMTS/LTE).

[0040] It is also to be noted that, although
GSM/DCS/UMTS/WIMAX/LTE are considered in this
document, other frequency band associated to other
wireless networks could be also considered (ex: LTE Ad-
vanced).

[0041] Advantageously, the described embodiments
permit to increase the number of sub-antennas forming
a multiband antenna in a very limited space. The use of
such a multiband antenna brings performances very
close to individual antennas panels, which is fully com-
pliant with MIMO systems. Indeed, it is possible to com-
bine the input of the sub-antennas, leading to one anten-
na with improved gain performances. Moreover, such
embodiments may be applied to any kind of array anten-
nas.

Claims

1. A multiband antenna comprising at least a first and
a second sub-antenna, the first and the second sub-
antennarespectively including a plurality of radiating
elements (12,22), the first sub-antenna and the sec-
ond sub-antenna being placed side by side, the
multiband antenna further comprising a third sub-
antenna, the third sub-antenna including at least a
first radiating element (32) and a second radiating
element (32’), the first radiating element (32) being
disposed concentrically with regards to a radiating
element (12) of the first sub-antenna and the second
radiating element (32’) being disposed concentrical-
ly with regards to a radiating element (22) of the sec-
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ond sub-antenna.

The multiband antenna according to claim 1, wherein
the third sub-antenna includes a plurality of radiating
elements, the first radiating element (32) and the
second radiating element (32’) being successive ra-
diating elements in this third sub-antenna.

The multiband antenna according to claim 1 or 2,
wherein

- the first sub-antenna comprises a first set of at
least two sub-antennas, the at least two sub-
antennas of the first set being disposed one
above the other and including respectively a plu-
rality of radiating elements (12,42) ;

- the second sub-antenna comprises a second
set of at least two sub-antennas, the at least two
sub-antennas of the second set being disposed
one above the other and including respectively
a plurality of radiating elements (22,52).

The multiband antenna according to claim 3, wherein
the third sub-antenna comprises a third set of atleast
two sub-antennas, the at least two-sub-antennas of
the third set being disposed one above the other and
including a plurality of radiating elements (32,32’).

The multiband antenna according to any of claims 1
to 4, wherein in the third sub-antenna

- the first radiating element (32) is disposed con-
centrically as an external radiating element with
regards to the radiating element (12) of the first
sub-antenna ;

- the second radiating element (32’) is disposed
concentrically as an external radiating element
with regards to the radiating element (22) of the
second sub-antenna.

6. The multiband antenna according to any of claims 1

to 4, wherein in the third sub-antenna

- the first radiating element (32) is disposed con-
centrically as an external radiating element with
regards to the radiating element (12) of the first
sub-antenna ;

- the second radiating element (32’) is disposed
concentrically as an internal radiating element
with regards to the radiating element (22) of the
second sub-antenna.

The multiband antenna according to any of claims 1
to 4, wherein in the third sub-antenna

- the first radiating element (32) is disposed con-
centrically as an internal radiating element with
regards to the radiating element (12) of the first
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10.

1.

12.

13.

14.

15.

sub-antenna ;

- the second radiating element (32’) is disposed
concentrically as an internal radiating element
with regards to the radiating element (22) of the
second sub-antenna.

The multiband antenna according to any of claims 1
to 7, wherein the radiating element (12) of the first
sub-antenna and the first radiating element (32) of
the third sub-antenna, are shifted with regards to oth-
er radiating elements included in the first sub-anten-
na, said other radiating elements included in the first
sub-antenna being aligned.

The multiband antenna according to any of claims 1
to 8, wherein the radiating element (22) of the second
sub-antenna and the second radiating element (32°)
of the third sub-antenna, are shifted with regards to
other radiating elements included in the second sub-
antenna, said other radiating elements included in
the second sub-antenna being aligned.

The multiband antenna according to any of claims 1
to9, wherein atleast two sub-antennas are operating
in a same frequency band.

The multiband antenna according to claim 10,
wherein asub-antenna operates ina GSMfrequency
band.

The multiband antenna according to claim 10,
wherein a sub-antenna operates in a DCS frequency
band.

The multiband antenna according to claim 10,
wherein a sub-antenna operates in an UMTS fre-
quency band.

The multiband antenna according to claim 10,
wherein a sub-antenna operates in a LTE frequency
band.

The multiband antenna according to claim 10,
wherein a sub-antenna operates in a WiMAX fre-
quency band.
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