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ISOLATION STRUCTURES FOR DUAL-POLARIZED ANTENNAS

REFERENCE TO RELATED APPLICATIONS

Relerence is hereby made o U.S. Provisional Patent Application No. 61/615,395,
entitled ISOLATION IMPROVEMENT ELEMENTS FOR DIPOLES IN A BROADAND
ARRAY, tiled March 26, 2012, the disclosurc of which is hereby incorporated by reference and
priority of which 18 hereby claimed pursuant to 37 CFR 1.78(a)(4) and (5)(i).

FIELD OF THE INVENTION

The present invention relates generally to antennas and more particularly to dual-

polarized antennas.

BACKGROUND OF THE INVENTION

Various types of dual-polarized antennas are known in the art.
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SUMMARY OF THE INVENTION
I'he present invention seeks to provide an improved dual-polarized dipole antenna

and an isolation element particularly usetul for inclusion therein.

There is thus provided in accordance with a preferred cmbodiment of the present
invention an antenna, including a [irst dipole having a first polarization, the [irst dipole including
a first pair of dipole arms, a second dipole having a second polarization, the second dipole
including a second pair of dipole arms, at least one dipole arm of the first pair of dipole arms
being located with respect to at least one dipole arm of the second pair of dipole arms so as (o
form at least one isolation slot therebetween, currents along the at least one isolation slot being
operative to at least partially cancel mutual coupling between the first dipole and the second
dipolc, and a fced arrangement for feeding the first and sccond dipoles.

Preferably, the feed arrangement includes at least one feedline and at least one
balun.

In accordance with a preferred cmbodiment of the present invention, the antenna
also includes a stem operative to support the first and second dipoles, the feed arrangement being
integrally formed with the stem.

Preferably, the antenna also includes an isolation element, the isolation element
being inserted between a plurality of grooves formed on the stem.

Preferably, the isolation element is galvanically connected to the stem and not
salvanically connected to the feed arrangement and to the first and second dipoles.

Preferably, the isolation clement includes a conductive strip.

Preferably, the conductive strip has a dimension of the order of A/4, where A 1s an

operating wavelength of the antenna.

In accordance with a further preferred embodiment of the present invention, the
conductive strip includes two recessed portions adapted for slotting into the plurality of grooves,
each one of the recessed portions including a bent extrusion extending inwards from an edge
thereof and adapted for soldering onto a solder pad disposed on the stem.

Preferably, the first and second dipoles include asymmetrically extended portions,
the at least one isolation slot being formed between the asymmetrically extended portions.

There is further provided in accordance with another preferred cmbodiment of the

present invention an antenna including a dual-polarized dipole pair, the dual-polarized dipole
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pair including a first dipole having a first polarization and a second dipole having a second
polarization, a stem operative to support the dual-polarized dipole pair and including a feed
arrangement for teeding the dual-polarized dipole pair, and an isolation element galvanically
connected to the stem and not galvanically connected to the feed arrangement and to the dual-
polarized dipole pair, the 1solation element being operative Lo at least partially cancel mutual
coupling between the first dipole and the second dipole.

Preferably, the 1solation element includes a conductive strip.

Preferably, the conductive strip has a dimension of the order of A/2, where A is an
operating wavelength of the antenna. Alternatively, the conductive strip has a dimension of the
order of A/4, where A 1s an operating wavelength of the antenna.

Preferably, the stem includes a plurality of grooves and the conductive strip
includes two recessed portions adapted for slotting into the plurality of grooves, each one of the
recessed portions including a bent extrusion extending inwards from an edge thereof and adapted

tor soldering onto a solder pad disposcd on the stem.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and appreciated more fully from the
following detailed description, taken in conjunction with the drawings in which:

Figs. 1A and 1B arc simplificd respective perspective and top view illustrations of
an antenna constructed and operative in accordance with a preferred embodiment of the present
invention;

Figs. 2A and 2B are simplified respective perspective and top view illustrations of

an antcnna constructed and operative in accordance with another preferred embodiment of the

present invention;

Figs. 3A and 3B are simplified respective perspective and top view illustrations of

an antenna constructed and operative in accordance with a further preferred embodiment of the

present invention; and

Fig. 4 is a simplified perspective view illustration of an antenna constructed and

operative in accordance with yet another preferred embodiment of the present invention.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Reference is now made to Figs. 1A and 1B, which are simplified respective
pcrspective and top view illustrations of an antenna constructed and operative in accordance with
a preferred embodiment of the present invention.

As seen 1n Figs. 1A and 1B, there is provided an antenna 100. Antenna 100
prcferably includes a first dipole 102 having a first polarization and a second dipolc 104 having a
second polarization. First dipole 102 preferably comprises a first dipole arm 106 and a second
dipole arm 108, first and second dipole arms 106 and 108 constituting a first pair of dipole arms
110. Second dipole 104 preferably comprises a third dipole arm 112 and a fourth dipole arm 114,
third and fourth dipolc arms 112 and 114 constituting a sccond pair of dipolc arms 116. It is
appreciated that Iirst dipole 102 is shown as shaded in Figs. 1A and 1B for purpose of clarity of
presentation only, in order to distinguish first dipole 102 from second dipole 104,

First pair of dipolc arms 110 is preferably opcrative to radiate with a polarization
of +45% and second pair ol dipole arms 116 is preferably operatlive o radiate with a polarization
of -45°. Antenna 100 1s thus a dual-polarized antenna, preferably capable of radiating orthogonal
+ 45° polanzed beams.

In operation of antenna 100, first dipole 102 and second dipole 104 are preferably
fed dual-polarized radio-frequency (RIY) signals by way of a feed arrangement, which feed
arrangement preferably includes at least one balun, such as a balun 118 seen most clearly in Fig.
1A, and at lcast onc microstrip feedline (not shown). It is appreciated, however, that the
illustrated embodiment ol balun 118 is exemplary only and that the feed arrangement may
comprise any suitable feed arrangement known in the art for feeding first and second dipoles 102
and 104,

At least one dipole arm of the [irst pair of dipole arms 110 is preferably located
with respect Lo at least one dipole arm of the second pair of dipole arms 116 so as o0 form an
isolation slot 120 therebetween, as seen most clearly in Fig. 1B. Here, by way of example,
1solation slot 120 1s formed between first dipole arm 106 and third dipole arm 112 and between
sccond dipole arm 108 and fourth dipole arm 114. Isolation slots 120 arc preferably operative to
improve the isolation between the first and second dipoles 102 and 104 by way of currents
therealong at least partially cancelling mutual coupling between the first and second dipoles 102

and 104.
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It will be appreciated that the presence of isolation slots 120 is particularly
advantageous when antenna 100 is incorporated in an array, wherein, but for the provision of
isolation slots 120, mutual coupling between multiple ones of first and second dipoles 102 and
104 would tend to significantly degrade the antenna performance.

[t is a particularly advantageous feature of antenna 100 that the 1solation belween
first and second dipoles 102 and 104 is improved by way of the formation of at least one
isolation slot 120 between dipoles 102 and 104 without the addition of any external isolation
elements to antenna 100. This is in contrast to conventional isolation solutions employed 1n dual-
polarized antennas, which conventional isolation solutions typically comprise external elements
distinct from the radiating structure of the antenna, such external elements occupying additional
space and reducing mechanical stability and robustness of the antenna.

Antenna 100 further preferably includes a stem 122, which stem 122 is preferably
operative to support first and second dipoles 102 and 104. The feed arrangement for antenna 100
is preferably intcgrally formed with stem 122, as scen in the casc of balun 118 in Fig. 1A. Stem
122 may optionally include at least one solder pad, such as a solder pad 124, located between
two grooves 126. Solder pad 124 and grooves 126 are optionally included in antenna 100 in
order to facilitate the attachment thereto of additional isolation elements operative to further
improve the isolation between first and sccond dipoles 102 and 104, as will be detailed
henceforth with reference o Figs. 3A and 3B.

It is appreciated that the particular configurations of stem 122 and of first, second,

third and fourth dipolc arms 106, 108, 112 and 114 arc cxcmplary only and that first and sccond

dipoles 102 and 104 may alternatively comprise dipole elements having a variety of different
shapes, including asymmetrical shapes, as will be exemplified with reference to Figs. 2ZA — 3B
below.

Reference is now made to Figs. 2A and 2B, which arc simplified respective
perspective and top view illustrations of an antenna constructed and operative in accordance with
another preferred embodiment of the present invention.

As seen in Figs. 2A and 2B, there is provided an antenna 200. Antenna 200
preferably includes a first dipole 202 having a first polarization and a second dipole 204 having a
sccond polarization. First dipole 202 preferably comprises a first dipole arm 206 and a second

dipole arm 208, first and second dipole arms 206 and 208 constituting a first pair of dipole arms
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210. Second dipole 204 preferably comprises a third dipole arm 212 and a fourth dipole arm 214,

third and fourth dipole arms 212 and 214 constituting a second pair of dipole arms 216. It 1s
appreciated that first dipole 202 is shown as shaded in Figs. 2A and 2B tor purpose of clarity ot
presentation only, in order to distinguish first dipole 202 from second dipolc 204.

Iirst pair of dipole arms 210 is prelerably operative Lo radiate with a polarization
of +45° and second pair of dipole arms 216 is preferably operative to radiate with a polarization
of -45°. Antenna 200 is thus a dual-polarized antenna, preferably capable of radiating orthogonal
+ 45° polanzed beams.

In operation of antenna 200, first dipole 202 and second dipole 204 are preferably
fed dual-polarized RF signals by way of a feed arrangement, which feed arrangement preferably
includes at lcast onc balun, such as a balun 218, and at least onc microstrip feed line, such as a
microstrip feedline 219, seen most clearly in Fig. 2A. 1t is appreciated, however, that the
illustrated embodiment of balun 218 and microstrip feedline 219 is exemplary only and that the
feed arrangement may comprisc any suitable feed arrangement known in the art for feeding first
and second dipoles 202 and 204.

At least one dipole arm of the first pair of dipole arms 210 is prelerably located
with respect to at least one dipole arm of the second pair of dipole arms 216 so as to form an
isolation slot 220 thercbetween, as scen most clearly in Fig. 2B. Herc, by way of cxample,
isolation slot 220 is formed between [irst dipole arm 206 and third dipole arm 212 and between
second dipole arm 208 and fourth dipole arm 214. Isolation slots 22() are preferably operative to

improve the isolation between the first and sccond dipoles 202 and 204 by way of currents

therealong at least partially cancelling mutual coupling between the first and second dipoles 202

and 204.

It is a particular feature of a preferred embodiment of the present invention that
cach onc of first, sccond, third and fourth dipole arms 206, 208, 212 and 214 preferably includes
an extended portion 222, between respective ones of which extended portions 222 isolation slots
220) are preferably formed. As seen most clearly in Fig. 2B, extended portions 222 are preferably
provided on only a single side of each one of first, second, third and fourth dipole arms 206, 208,

212 and 214, such that each one of first, second, third and fourth dipole arms 206, 208, 212 and

214 is preferably asymmetrical.
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It will be appreciated that the presence of isolation slots 220 is particularly
advantageous when antenna 200 is incorporated in an array, wherein, but for the provision of
isolation slots 220, mutual coupling between multiple ones of first and second dipoles 202 and
204 would tend to significantly degrade the antenna performance. Furthermore, the asymmetrical
structure of first, second, third and fourth dipole arms 206, 208, 212 and 214 serves Lo
advantageously rebalance the respective polarization patterns of first and second dipoles 202 and
204, which polarization patterns would otherwise be unbalanced due to mutual interference

between first and second dipoles 202 and 204.

It is a particularly advantageous feature of antenna 200 that the isolation between
first and second dipoles 202 and 204 is improved by way of the formation of at least one
isolation slot 220 between dipoles 202 and 204, without the addition of any external 1solation
elements to antenna 200. This is in contrast to conventional isolation solutions employed in duai-
polarized antennas, which conventional isolation solutions typically comprise external elements
distinct from the radiating structurc of the antenna, such external clements occupying additional
space and reducing mechanical stability and robustness of the antenna.

Antenna 200 further preferably includes a stem 224, which stem 224 is preferably
operative to support first and second dipoles 202 and 204. The feed arrangement for antenna 200
is preferably integrally formed with stem 224, as scen in the case of balun 218 and feedline 219
in lig. 2A.

It is appreciated that the particular configurations of stem 224 and of first, second,

third and fourth dipole arms 206, 208, 212 and 214 arc cxcmplary only and that first and sccond

dipoles 202 and 204 may alternatively comprise dipole elements having a variety of different
shapes. |

Reference is now made to Figs. 3A and 3B, which are simplified respective
perspective and top view illustrations of an antenna constructed and operative in accordance with
a further preferred embodiment of the present invention.

As seen in Iigs. 3A and 3B, there is provided an antenna 300. Antenna 300
preferably includes a first dipole 302 having a first polarization and a second dipole 304 having a
second polarization. First dipole 302 preferably comprises a first dipole arm 306 and a second
dipolc arm 308, first and sccond dipolc arms 306 and 308 constituting a first pair of dipolc arms

310). Second dipole 304 preferably comprises a third dipole arm 312 and a fourth dipole arm 314,
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third and fourth dipole arms 312 and 314 constituting a second pair of dipole arms 316. It 1S
appreciated that first dipole 302 is shown as shaded in Figs. 3A and 3B for purpose of clarity of
presentation only, in order to distinguish first dipole 302 from second dipole 304.

First pair of dipole arms 310 is preferably operative to radiate with a polarization
of +45° and second pair of dipole arms 316 is preferably operative (o radiate with a polarization
of -45°. Antenna 300 is thus a dual-polarized antenna, preferably capable of radiating orthogonal
+ 45° polarized beams.

In operation of antenna 300, first dipole 302 and second dipole 304 are preferably
fed dual-polarized RF signals by way of a feed arrangement, which teed arrangement preferably
includes at least one balun, such as a balun 318 seen most clearly in Fig. 3A and at least one
microstrip feed line (not shown). It is appreciated, however, that the illustrated cmbodiment of
balun 318 is exemplary only and that the feed arrangement may comprise any suitable feed
arrangement known in the art for feeding first and second dipoles 302 and 304.

At least onc dipolc arm of the first pair of dipolc arms 310) is prcferably located
with respect to at least one dipole arm of the second pair of dipole arms 316 so as 1o lorm an
isolation slot 320 therebetween, as seen most clearly in I'ig. 3B. Ilere, by way of example, one
isolation slot 320 is formed between second dipole arm 308 and fourth dipole arm 314. Isolation
slot 320 is preferably operative to improve the isolation between the first and sccond di polcs 302
and 304 by way of currents therealong at least partially cancelling mutual coupling between Lthe
first and second dipoles 302 and 304.

It is a particular fcaturc of a preferred embodiment of the present invention that
second dipole arm 308 and fourth dipole arm 314 each preferably includes an extended portion

322, between respective ones of which extended portions 322 isolation slot 320 is preferably

formed. As seen most clearly in Fig. 3B, extended portions 322 are preferably provided on only a
single side of second dipole arm 308 and fourth dipolc arm 314, such that cach onc of sccond
and fourth dipole arms 308 and 314 is preferably asymmetrical.

It will be appreciated that the presence of isolation slot 320 is particularly
advantageous when antenna 300 is incorporated in an array, wherein, but for the provision of
isolation slot 320, mutual coupling between multiple ones of first and second dipoles 302 and
304 would tend to significantly degrade the antenna performance. Furthermore, the asymmetrical

structure of second and fourth dipole arms 308 and 314 serves to advantageously rebalance the
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respective polanzation patterns of first and second dipoles 302 and 304, which polarization
patterns would otherwise be unbalanced due to mutual interference between first and second
dipoles 302 and 304.

It 18 a particularly advantagcous fcaturc of antcnna 300 that the 1solation between
first and second dipoles 302 and 304 is improved by way of the formation of isolation slot 320
between dipoles 302 and 304 without the addition of any external isolation elements to antenna
300. This 1s 1n contrast to conventional isolation solutions employed in dual-polarized antennas,
which conventional 1solation solutions typically comprise external elements distinct from the
radiating structure of the antenna, such external elements occupying additional space and
reducing mechanical stability and robustness of the antenna.

Antenna 300 turther preferably includes a stem 324, which stem 324 is preferably
operative to support first and second dipoles 302 and 304. The feed arrangement for antenna 300
1S preferably integrally tormed with stem 324, as seen in the case of balun 318 in Fig. 3A.

Stem 324 preferably includces a plurality of grooves 34() preferably adapted for the
insertion of an 1solation element 342 therebetween. It is appreciated that grooves 340 may
generally resemble grooves 126 shown in antenna 100, Isolation element 342 is preferably
embodied as a planar conductive strip having a length of the order of A/4, where A is an operating
wavclength of antcnna 300. It is appreciated, however, that the preferable Iength of isolation
element 342 may be modified in accordance with the operating requirements of antenna 300, The
presence of 1solation element 342 further contributes to at least partially cancel mutual coupling

between first dipole 302 and sccond dipole 304,

It 1s appreciated that 1solation element 342 is preferably employed in antenna 300
in combination with the above-described dipole structure including isolation slot 320, in order 1o
optimize i1solation between first and second dipoles 302 and 304. However, isolation element 342
may altcrnatively be ecmployed in any dual-polarized dipolc radiating clement benefitting from
improved 1solation between its ports, including antenna 100 and antenna 200).

Isolation element 342 preferably includes two recessed portions 344 preferably
adapted for slotting into grooves 340. A bent extrusion 346 is preferably formed extending
inwards from an edge of each recessed portion 344 and adapted for soldering onto a solder pad
disposcd on stcm 324, such as solder pad 124 shown in Fig. 1A. It is appreciated that as a result

of this mode of attachment of isolation element 342 to stem 324, isolation element 342 is

10
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galvanically connected to stem 324 but is not galvanically connected to the feed arrangement
feeding first and second dipoles 302 and 304 or to first and second dipoles 302 and 304
themselves.

It 1s appreciated that the particular configurations of stem 324 and of first, sccond,
third and fourth dipole arms 306, 308, 312 and 314 are exemplary only and that first and second
dipoles 302 and 304 may alternatively comprise dipole elements having a variety of different
shapes. It 1s further understood that although antenna 300 is shown to include only a single
1solation element 342, antenna 300 may alternatively be adapted to include multiple ones of
isolation element 342 in order to maximize isolation between first and second dipoles 302 and
304.

Reference 1s now madc to Fig. 4, which is a simplified perspective illustration of
an antenna constructed and operative 1n accordance with yet another preferred embodiment of
the present invention,

As scen in Fig. 4, there 1s provided an antcnna 400. Antcnna 400 prefcrably
includes a quartet of radiating patches 402 operative as a [irst pair of dipoles at a first
polarization of +45° and as a second pair of dipoles at a second polarization of -45°. Antenna
400 thus constitutes a dual-polarized antenna, preferably capable of radiating orthogonal + 45°
polarized beams.

In operation of antenna 400, quartet ol radiating patches 402 is preferably fed
dual-polarized RF signals by way of a feed arrangement, which feed arrangement preferably
includes at least onc balun (not shown) and at lcast onc microstrip feed line, here embodiced, by
way of example, as a pair of microstrip feedlines 404 and 406. It is appreciated, however, that
the illustrated embodiment of microstrip feedlines 404 and 406 is exemplary only and that the
feed arrangement may comprise any suitable feed arrangement known in the art for feeding
quartct of radiating patches 402.

Antenna 400 further preferably includes a stem 424, which stem 424 is preferably
operative Lo support quartet of radiating patches 402. The feed arrangement for antenna 400 is
preferably integrally formed with stem 424, as seen in the case of feedlines 404 and 406.

Stem 424 preferably includes a plurality of grooves 440 preferably adapted for the
msertion of an isolation clement 442 thercbetween. It is appreciated that grooves 440 may

generally resemble grooves 126 shown in antenna 100. Isolation element 442 is preferably

11
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embodied as a planar conductive strip having a length of the order of /2, where A 1s an operating
wavelength of antenna 400. It is appreciated, however, that the preferable length of 1solation
element 442 may be modified in accordance with the operating requirements of antenna 400.
[solation clement 442 is operative to at Icast partially cancel mutual coupling between the first
and second pairs of dipoles formed by quartet of radiating patches 402.

Isolation element 442 preferably includes two recessed portions 444 preferably
adapted for slotting into grooves 440. A bent extrusion 446 is preferably formed extending
inwards from an edge of each recessed portion 444 and adapted for soldering onto a solder pad
448 disposed on stem 424. It is understood that in Fig. 4, isolation element 442 is shown as
somewhat offset from solder pad 448 in order to more clearly present the structure and relative
oricntations of isolation clement 442 and solder pad 448. In its asscmblced state, isolation clement
442 is preferably directly soldered onto solder pad 448. It is appreciated that as a result ot this
mode of attachment of isolation element 442 to stem 424, isolation element 442 is galvanically
connccted to stem 424 but is not galvanically connected to the feed arrangement feeding quartet
of radiating patches 402 or to the radiating patches themselves.

It is appreciated that the particular configurations ol stem 424 and ol quartel of
radiating patches 402 are exemplary only and that quartet of radiating patches 402 may
altcrnatively comprisc dipolc clements having a varicty of different shapes. It 1s further
understood that although antenna 400 is shown (o include only a single isolation element 442,
antenna 400 may alternatively be adapted to include multiple ones of isolation element 442 in
order to maximize isolation between the respective radiating patches comprising quartet of
radiating patches 402.

It will be appreciated by persons skilled in the art that the present invention 1s not
limited by what has been particularly claimed hereinbelow. Rather, the scope of the invention
includes various combinations and subcombinations of the features described hereinabove as
well as modifications and variations thereof as would occur to persons skilled 1n the art upon

reading the forgoing description with reference to the drawings and which are not in the prior art.

12
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CLAIMS

1. An antenna comprising:
a first dipolc having a first polarization, said first dipole comprising a first pair of dipolc
Arms:
a second dipole having a second polarization, said second dipole comprising a second
pair of dipolc arms, at lcast onc dipolc arm of said first pair of dipole arms being located with
respect to at least one dipole arm of said second pair of dipole arms so as to form at least one

isolation slot therebetween, currents along said at least one isolation slot being operative to at

least partially cancel mutual coupling between said first dipole and said second dipole; and

a fced arrangement for feeding said first and second dipoles.

2. An antenna according to claim 1, wherein said feed arrangement comprises at least one

feedline and at Icast onc balun.

3. An antenna according to claim 1, and also comprising a stem operative to support said

first and sccond dipoles, said feed arrangement being integrally formed with said stem.

4. An antenna according to claim 3, and also comprising an isolation element, said 1solation

element being inserted between a plurality of grooves formed on said stem.

S. An antenna according to claim 4, wherein said isolation element is galvanically
connected to said stem and not galvanically connected to said feed arrangement and to said first

and second dipoles.

0. An antenna according to claim 4, wherein said isolation element comprises a conductive
strip.
7. An antenna according to claim 6, wherein said conductive strip has a dimension of the

order of A/4, where A is an operating wavelength of said antenna.

13
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8. An antenna according to claim 6, wherein said conductive strip comprises two recessed
portions adapted for slotting into said plurality of grooves, each one of said recessed portions
comprising a bent extrusion extending inwards from an edge thereof and adapted for soldering

onto a soldcr pad disposcd on said stem.

9. An antenna according to any of the preceding claims, wherein said first and second
dipoles include asymmetrically extended portions, said at least one isolation slot being formed

between said asymmetrically extended portions.

10.  An antenna comprising:

a dual-polarized dipole pair, said dual-polarized dipole pair comprising a first dipole
having a first polarization and a second dipole having a second polarization;

a stem operative to support said dual-polarized dipole pair and comprising a feed
arrangement for feeding said dual-polarized dipole pair; and

an isolation element galvanically connected to said stem and not galvanically connected
o said feed arrangement and to said dual-polarized dipole pair, said 1solation element being

operative to at least partially cancel mutual coupling between said first dipole and said second

dipole.

11.  An antenna according to claim 10, wherein said isolation element comprises a conductive
Strip.

12. An antenna according to claim 11, wherein said conductive strip has a dimension of the

order of /2, where A 1s an operating wavelength of said antenna.

13. An antenna according to c¢laim 11, wherein said conductive strip has a dimension ol the

order of /4, where A 1s an operating wavelength of said antenna.

14. An antenna according to claim 11, wherein said stem comprises a plurality of grooves
and said conductive strip comprises two recessed portions adapted for slotting into said plurality
of grooves, cach onc of said rccessed portions comprising a bent cxtrusion extending inwards

from an edge thereof and adapted for soldering onto a solder pad disposed on said stem.

14
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FIG. 1A
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