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(54) MULTI-BAND ANTENNA HAVING PASSIVE RADIATION-FILTERING ELEMENTS THEREIN

(57) A multi-band antenna includes a reflector, and
a plurality of first radiating elements on the reflector. The
plurality of first radiating elements are configured to ra-
diate a first antenna beam(s) in a first frequency band
responsive to at least one feed signal. A passive radia-
tion-filtering element is provided, which extends proxi-
mate the first antenna beam(s). The passive radiation-fil-
tering element includes at least one of a low-pass LC

circuit, a band-pass LC circuit, and a highpass LC circuit
therein, which is configured to provide a lower frequen-
cy-dependent impedance to radiation within the first fre-
quency band relative to radiation at frequencies outside
the first frequency band. The passive radiation-filtering
element may be configured as a multi-segment fence
having capacitive and inductive elements therein, which
are electrically coupled in series.
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Description
REFERENCE TO PRIORITY APPLICATION

[0001] This application claims priority to Chinese Pat-
entApplication No.202010277491.X, filed April 10, 2020,
the disclosure of which is hereby incorporated herein by
reference.

FIELD OF THE INVENTION

[0002] The presentinvention relates to communication
systems and, more particularly, to multi-band antennas
that are suitable for use in communication systems.

DESCRIPTION OF RELATED ART

[0003] Cellular communications systems are well
known in the art. In a cellular communications system, a
geographic area may be divided into a series of regions
that are referred to as "cells" which are served by respec-
tive base stations. The base station may include one or
more base station antennas that are configured to pro-
vide two-way radio frequency ("RF") communications
with mobile subscribers that are located within the cell
served by the base station.

[0004] In many cases, each base station is divided into
"sectors". In perhaps the most common configuration, a
hexagonally shaped cell is divided into three 120° sec-
tors, and each sector is served by one or more base
station antennas that have an azimuth Half Power Beam
Width (HPBW) of approximately 65°. Typically, the base
station antennas are mounted on a tower structure, with
the radiation pattern (also referred to herein as "an an-
tenna beam") that are generated by the base station an-
tennas directed outwardly. Base station antennas are of-
ten implemented using a linear or planar phased arrays
of radiating elements on an underlying reflector.

[0005] Inordertoincrease system capacity, multi-band
antennas are currently being deployed. However, when
using multi-band antennas, RF elements, such as radi-
ating elements and parasitic elements, may interact with
each other in an undesired manner, and this interaction
may adversely interfere with the radiation patterns of the
radiating elements and, therefore, adversely impact the
RF performance of the multi-band antennas.

SUMMARY OF THE INVENTION

[0006] A multi-band antenna according to some em-
bodiments of the invention includes areflector, and a first
array of radiating elements having a plurality of first ra-
diating elements therein that are configured to radiate a
first antenna beam(s) in a first frequency band, on the
reflector. A parasitic element is provided, which extends
adjacent at least a portion of the first array of radiating
elements. The parasitic element is configured to include
at least one of a low-pass LC circuit, a band-pass LC

10

15

20

25

30

35

40

45

50

55

circuit, and a high-pass LC circuit therein, which is con-
figured to preferentially pass radiation at frequencies
within the first frequency band to a greater extent relative
to radiation at frequencies outside the first frequency
band. The multi-band antenna may also include: (i) a
second array of radiating elements having a plurality of
second radiating elements therein that are configured to
radiate a second antenna beam(s)in a second frequency
band, on the reflector, and (ii) a third array of radiating
elements having a plurality of third radiating elements
therein that are configured to radiate a third antenna
beam(s) in a third frequency band, on the reflector. In
addition, the parasitic element may be configured to pass
radiation at frequencies within the first frequency band
to a greater extent relative to the radiation within the sec-
ond and third frequency bands.

[0007] According to another embodiment of the inven-
tion, the parasitic element is configured as a radiation-
filtering fence that extends along a side of the reflector.
This radiation-filtering fence includes a plurality of
spaced-apart sub-segments extending in series along a
length thereof as capacitive and inductive elements that
define at least one series LC circuit. This radiation-filter-
ing fence may be capacitively coupled to the reflector, in
some embodiments of the invention. The radiation-filter-
ing fence may also include a series combination of at
least two of: alow-pass LC circuit, a band-pass LC circuit,
and a high-pass LC circuit therein, according to other
embodiments of the invention. In some embodiments,
the radiation-filtering fence includes a plurality of sub-
segments extending in series along a length thereof as
capacitive and inductive elements, which define a plural-
ity of series LC circuits having different filtering charac-
teristics.

[0008] A multi-band antenna according to another em-
bodiment of the invention includes a reflector, and a plu-
rality of first radiating elements on the reflector. The plu-
rality of first radiating elements are configured to radiate
a first antenna beam(s) in a first frequency band respon-
sive to at least one radio frequency (RF) feed signal. A
passive radiation-filtering elementis also provided, which
extends proximate the first antenna beam(s). The pas-
sive radiation-filtering element includes at least one of a
low-pass LC circuit, a band-pass LC circuit, and a high-
pass LC circuit therein, which is configured to provide a
lower impedance to radiation within the first frequency
band relative to radiation at frequencies outside the first
frequency band. In some of these embodiments, the pas-
sive radiation-filtering element is configured as a multi-
segment fence having capacitive and inductive elements
therein, which are electrically coupled in series. This mul-
ti-segment fence may extend along a portion of the re-
flector, and may be capacitively coupled to the reflector.
For example, the multi-segmentfence may be configured
as metal flange having an L-shaped cross-section, which
is mounted on a forward-facing surface of the reflector.
Accordingly, the passive radiation-filtering element may
extend closer to a rear-facing surface of a first one of the
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plurality of first radiating elements relative to a forward-
facing surface of the first one of the plurality of first radi-
ating elements.

[0009] Accordingto some of these embodiments of the
invention, a first plurality of segments of the multi-seg-
ment fence may be configured as capacitive elements
having air-gaps therebetween, a second plurality of seg-
ments of the multi-segment fence may be configured as
capacitive elements having air-gaps therebetween, and
a third plurality of segments of the multi-segment fence
may be configured as capacitive elements having mean-
dering-shaped inductive elements therebetween. This
third plurality of segments may extend between the first
plurality of segments and the second plurality of seg-
ments. In some further embodiments of the invention,
the plurality of segments may be patterned as metalliza-
tion layers on a printed circuit board.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying drawings, which constitute
a part of the specification, illustrate embodiments of the
present invention and, together with the description,
serve to explain the principles of the present invention.

Fig. 1 is a perspective view schematically showing
a portion of a multi-band antenna according to some
embodiments of the present invention;

Fig. 2 is a front view schematically showing the por-
tion of the multi-band antenna in Fig. 1;

Fig. 3 is a side view schematically showing the por-
tion of the multi-band antenna in Fig. 1;

Fig. 4a schematically shows a first design solution
of a parasitic element according to some embodi-
ments of the present invention;

Fig. 4b schematically shows a variation of the para-
sitic element in Fig. 4a;

Figs. 5a and 5b schematically show a second design
solution of the parasitic element according to some
embodiments of the present invention;

Fig. 5¢c schematically shows a variation of the para-
sitic element in Figs. 5a and 5b.

[0011] Note that, in some cases the same elements or
elements having similar functions are denoted by the
same reference numerals in different drawings, and de-
scription of such elements is not repeated. In some cas-
es, similar reference numerals and letters are used to
refer to similar elements, and thus once an element is
defined in one figure, it need not be further discussed for
following figures.

[0012] Inorder tofacilitate understanding, the position,
size, range, or the like of each structure illustrated in the
drawings may not be drawn to scale. Thus, the present
invention is not necessarily limited to the position, size,
range, or the like as disclosed in the drawings.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0013] The present invention will be described below
with reference to the drawings, in which several embod-
iments of the present invention are shown. It should be
understood, however, that the present invention may be
implemented in many different ways, and is not limited
to the example embodiments described below. In fact,
the embodiments described hereinafter are intended to
make a more complete disclosure of the present inven-
tion and to adequately explain the scope of the present
invention to a person skilled in the art. It should also be
understood that the embodiments disclosed herein can
be combined in various ways to provide many additional
embodiments.

[0014] It should be understood that the wording in the
specification is only used for describing particular em-
bodiments and is not intended to limit the present inven-
tion. All the terms used in the specification (including
technical and scientific terms) have the meanings as nor-
mally understood by a person skilled in the art, unless
otherwise defined. For the sake of conciseness and/or
clarity, well-known functions or constructions may not be
described in detail.

[0015] Herein, the foregoing description may refer to
elements or nodes or features being "coupled" together.
Likewise, unless expressly stated otherwise, "coupled”
means that one element/node/feature may be mechan-
ically, electrically, logically or otherwise joined to another
element/node/feature in either a direct or indirect manner
to permit interaction even though the two features may
not be directly connected. That is, "coupled" is intended
to encompass both direct and indirect joining of elements
or other features, including connection with one or more
intervening elements.

[0016] Inthe specification, words describing spatial re-
lationships such as "up", "down", "left", "right", "forward",
"back", "high", "low" and the like may describe a relation
of one feature to another feature in the drawings. It should
be understood that these terms also encompass different
orientations of the apparatus in use or operation, in ad-
dition to encompassing the orientations shown in the
drawings. For example, when the apparatus in the draw-
ings is turned over, the features previously described as
being "below" other features may be described to be
"above" other features at this time. The apparatus may
also be otherwise oriented (rotated 90 degrees or at other
orientations) and the relative spatial relationships will be
correspondingly altered.

[0017] Theterm"AorB" used through the specification
refers to "A and B" and "A or B" rather than meaning that
A and B are exclusive, unless otherwise specified. The
term "exemplary", as used herein, means "serving as an
example, instance, orillustration”, rather than as a "mod-
el" that would be exactly duplicated. Any implementation
described herein as exemplary is not necessarily to be
construed as preferred or advantageous over other im-
plementations. Furthermore, there is no intention to be
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bound by any expressed or implied theory presented in
the preceding technical field, background, summary or
detailed description.

[0018] Herein, the term "substantially" is intended to
encompass any slight variations due to design or man-
ufacturing imperfections, device or component toleranc-
es, environmental effects and/or other factors. The term
"substantially" also allows for variation from a perfect or
ideal case due to parasitic effects, noise, and other prac-
tical considerations that may be presentin an actual im-
plementation. In this context, the term "at least a portion"
may be a portion of any proportion, for example, may be
greater than 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, or 90%, for example.

[0019] In addition, certain terminology, such as the
terms "first", "second" and the like, may also be used in
the following description for the purpose of reference on-
ly, and thus are not intended to be limiting. For example,
the terms "first", "second" and other such numerical terms
referring to structures or elements do not imply a se-
quence or order unless clearly indicated by the context.
[0020] Further, it should be noted that, the terms "com-
prise/include”, as used herein, specify the presence of
stated features, steps, operations, elements, and/or
components, but do not preclude the presence or addi-
tion of one or more other features, steps, operations, el-
ements, components, and/or groups thereof. In a multi-
band antenna, radiating elements of different frequency
bands may interact with each other in an undesired man-
ner and/or parasitic elements and radiating elements
may interact with each other in an undesired manner.
For example, when the radiating elements of first fre-
quency band and/or the parasitic elements for the radi-
ating elements of first frequency band resonate in a sec-
ond frequency band, undesired interference may occur
to radiating elements in the second band. This kind of
undesired interaction may cause distortion of respective
radiation patterns of the radiating elements of second
frequency band, such as the presence of recesses in the
radiation pattern, changes in an azimuth beam width,
large beam squint, highly cross-polarized radiation, or
the like. The multi-band antenna according to embodi-
ments of the present invention may reduce at least some
of the above-mentioned undesired interactions while
maintaining the original function of the parasitic element.
[0021] Embodiments of the present invention will now
be described in more detail with reference to the accom-
panying drawings. Referring now to Figs. 1 to 3, Fig. 1
is a perspective view schematically showing a portion of
a multi-band antenna 100 according to some embodi-
ments of the presentinvention, Fig. 2 is a front view sche-
matically showing the portion of the multi-band antenna
100 in Fig. 1, and Fig. 3 is a side view schematically
showing the portion of the multi-band antenna 100 in Fig.
1.

[0022] The multi-band antenna 100 may be mounted
on a raised structure, such as antenna towers, utility
poles, buildings, water towers and the like, with its lon-
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gitudinal axis extending substantially perpendicular to
the ground for convenient operation. The antenna 100 is
usually mounted within a radome (not shown) that pro-
vides environmental protection. The multi-band antenna
100 includes a reflector 110. The reflector 110 may in-
clude a metal surface that provides a ground plane and
reflects electromagnetic waves reaching it, for example,
redirecting the electromagnetic waves for forward prop-
agation. The antenna 100 further includes mechanical
and electronic components, such as a connector, a cable,
a phase shifter, a remote electronic tilt (RET) unit, a du-
plexer and the like, which are disposed on a rear side of
the reflector 110.

[0023] As shownin Fig. 1, the multi-band antenna 100
may further include an antenna array 200 disposed on a
front side of the reflector 110. The antenna array 200
may include an array or arrays 210 of first radiating ele-
ments, an array or arrays 220 of second radiating ele-
ments, and an array or arrays 230 of third radiating ele-
ments. Inthe currentembodiment, the operating frequen-
cy band of the first radiating element 2101 (hereinafter
also referred to as a V-band radiating element) may be,
for example, V band (1695-2690MHz) or sub-bands
thereof (for example, H band (1695-2200MHz), T band
(2200-2690MHz), or the like). The operating frequency
band of the second radiating element 2201 (hereinafter,
also referred to as an S-band radiating element) may be,
for example, S band (3.1-4.2 GHz) or sub-bands thereof.
The operation frequency band of the third radiating ele-
ment 2301 (hereinafter also referred to as an R-band
radiating element) may be, forexample, R band (694-960
MHz) or sub-bands thereof. The V-band radiating ele-
ment may be configured to generate afirstantenna beam
in the V band or a portion thereof, the S-band radiating
element may be configured to generate a second anten-
na beam in the S band or a portion thereof, and the R-
band radiating element may be configured to generate a
third antenna beam in the R band or a portion thereof.
[0024] Referring to Fig. 3, the third radiating element
2301 may extend farther forward from the reflector 110
than the first radiating element 2101, and the first radiat-
ing element 2101 may extend farther forward from the
reflector 110 than the second radiating element 2201.
The multi-band antenna 100 may be configured as a so-
called RVVSS antenna. That is, there are provided two
arrays 210 of firstradiating elements 2101 (V), two arrays
220 of second radiating elements 2201 (S) and one array
230 of third radiating elements 2301 (R). The two arrays
210 offirstradiating elements 2101 are spaced from each
other in a horizonal direction, and the two arrays 220 of
second radiating elements 2201 are spaced from each
other in a vertical direction. At least some of the third
radiating elements 2301 in the array 230 of third radiating
elements 2301 may be distributed in a staggered manner
(e.g., zig-zag) so as to obtain an antenna beam with a
narrower beam width in the azimuth plane. It should be
understood that the multi-band antenna according to em-
bodiments of the present invention may be any type of
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multi-band antennas and is not limited to the RWSS an-
tenna. Some embodiments of the present invention will
be described below with RWSS antennas as anexample.
[0025] The multi-band antenna 100 may further in-
clude a parasitic element 300 extending forward from the
reflector 110. Various types of parasitic elements 300
may be provided in the multi-band antenna 100. For ex-
ample, some parasitic elements may be provided as iso-
lators, which extend between adjacent radiating ele-
ments and operate to increase the isolation (and reduce
the couplinginterference) between the adjacentradiating
elements. Some parasitic elements 300 may be provided
as fences, which are arranged around the antenna array
200 and interact with radiating elements. For example,
during operation, a parasitic element 300 may absorb
radio waves emitted from the radiating elements and ra-
diate the radio waves outward again in a different phase
in order to adjust the pattern of the antenna beam, such
as to adjust the azimuth beam width, the front-to-back
ratio and/or a cross-polarization ratio of the pattern.
[0026] The multi-band antenna 100 according to some
embodiments of the present invention is provided with
arrays of parasitic elements 300 including a plurality of
parasitic elements 300 that may be disposed around the
antenna array 200 and/or between the adjacent arrays
of radiating elements. In some embodiments, these par-
asitic elements 300 may be used advantageously for the
arrays 210 of V-band radiating elements. For example,
these parasitic elements 300 may be configured to re-
duce the azimuth beam width of the pattern of the first
antenna beam. These parasitic elements 300 may also
be configured to increase the front-to-back ratio and/or
across-polarization ratio of the pattern of the firstantenna
beam.

[0027] In some embodiments, these parasitic ele-
ments 300 may not only be used for the arrays 210 of V-
band radiating elements but also for the arrays 230 of R-
band radiating elements 2301. These parasitic elements
300 may be configured to reduce the azimuth beam width
of the pattern of the first antenna beam and the third
antenna beam. These parasitic elements 300 may also
be configured to increase the front-to-back ratio and/or
across-polarization ratio of the pattern of the firstantenna
beam and/or the third antenna beam. In some further
embodiments, these parasitic elements 300 may be al-
ternatively or additionally used for the arrays 220 of S-
band radiating elements 2201. These parasitic elements
300 may be configured to increase the front-to-back ratio
and/or a cross-polarization ratio of the pattern of a portion
of the second antenna beam.

[0028] However, during operation of the multi-band an-
tenna 100, the parasitic elements 300 may also bring
about some negative effects in addition to the above-
mentioned possible positive effect. For example, in some
cases, these parasitic elements 300, based on their cur-
rent distributions, may cause distortion in radiation pat-
tern of the array of S-band radiating elements, for exam-
ple, local presence of recesses in the pattern, large beam
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squint, high cross polarization or the like. This possible
distortion may occur in any one or more sub-bands of
the S-band, such as in the sub-bands of 3.1-3.3 GHz,
3.5-3.7 GHz, and/or 3.9-4.1 GHz. This undesirable neg-
ative effect may be exacerbated with the increased re-
flection of electromagnetic waves within the S band by
the radome. Furthermore, in some cases, these parasitic
elements 300, based on their current distributions, may
cause distortion in a pattern of the array of S-band radi-
ating elements and in a pattern of the array of R-band
radiating elements.

[0029] In order to reduce this undesirable negative ef-
fect, the RF performance of the parasitic elements 300
needs to be changed so as to adjust the current distribu-
tion thereon, such as the distribution of current in the sub-
band where distortion occurs, to thereby reduce the neg-
ative effect of the parasitic element 300 while maintaining
its positive effect as much as possible. Next, two exem-
plary design solutions of the parasitic element 300 in the
multi-band antenna 100 according to some embodiments
of the present invention will be described in detail with
reference to Figs. 4a, 4b, 5a, 5b and 5c.

[0030] Referringto Fig.4a, which schematically shows
a first design solution of the parasitic element 300 ac-
cording to some embodiments of the present invention.
The parasitic element 300 is configured as a metal ele-
ment or a sheet metal element, such as an aluminum
parasitic element or a copper parasitic element. The met-
al parasitic element 300 may bring about a series of ad-
vantages: first, the metal parasitic element is typically
more cost-effective; second, the metal parasitic element
can be of any desired thickness; third, the metal parasitic
element can have a low level of surface roughness and
can exhibitimproved passive intermodulation ("PIM") dis-
tortion performance.

[0031] As shown in Fig. 4a and Fig. 3, the parasitic
element 300 may be configured as a metal element (e.g.,
metal flange/fence) with slots 310. The parasitic element
300 may include a first segment 320 and a second seg-
ment 330. The second segment 330 may be bent with
respect to the first segment 320. The first segment 320
is divided into a plurality of sub-segments 340 by the slots
310. The second segment 330 (e.g., base) is configured
to be mounted along a side edge of the reflector 110 of
the multi-band antenna 100. For example, the parasitic
element 300 may be mounted on the reflector 110 by
means of bayonet connection, screw connection, rivet
connection, welding, and/or bonding. In the embodiment
of Fig. 4a, the second segment 330 may be capacitively
coupled to the reflector 110.

[0032] Eachslot310may extend over50%,60%, 70%,
80%, or 90% of the width of the first segment 320. Each
slot 310 may even extend over the entire width up to the
second segment 330. The sub-segments 340 are at least
partially isolated from each other by the slots 310. Each
of the sub-segments 340 of the parasitic element 300
may function as a capacitive element, and each of the
slots 310 may function as an inductive element. The slots
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310 may change the RF performance of the parasitic
element 300, so as to adjust the current distribution on
the parasitic element 300, particularly adjust the distri-
bution of currentin the sub-band where distortion occurs.
The change in currentdistribution of the parasitic element
300 brought by the introduction of the slots 310 enables
areduction in negative effect of the parasitic element 300
while maintaining its positive effect.

[0033] ReferringtoFig.4a,the length ofasub-segment
340 is represented by L1, and the width thereof is repre-
sented by W1. The length of a slot 310 is represented by
L2, and the width thereof is represented by W2. In the
embodiment of Fig. 4a, the slot 310 extends substantially
over the entire width up to the second segment 330,
which means that W2 is approximately equal to W1. It
should be understood that the individual slots 310 and/or
the sub-segments 340 may have different lengths and/or
widths.

[0034] As an example, and in some cases, these par-
asitic elements 300, based on their current distribution,
may cause distortion in a pattern of the second antenna
beam in the sub-band of 3.1-3.3 GHz. Therefore, the
structure of the parasitic element 300 needs to be de-
signed for this sub-band. For example, a design frequen-
cy (such as 3.2 GHz) may be selected, and each sub-
segment 340 may have a length between 1/4 and 1/2 of
the wavelength corresponding to this design frequency
3.2 GHz. The width of the slot 310 may be smaller than,
for example, 3 mm, 2 mm, 1 mm, or 0.5 mm. Each slot
310 is located between two sub-segments 340 to form
an LC series circuit. The LC series circuit may function
as an LC low pass circuit and may be configured to at
least partially block a current within the corresponding
sub-band (3.1-3.3 GHz), for example, the current flowing
along the length of the first segment 320, thereby chang-
ing the distribution of a current within the corresponding
sub-band (3.1-3.3 GHz) of the second frequency band
on the parasitic element 300 and at least partially com-
pensating for distortion in the pattern of the second an-
tenna beam.

[0035] As an example, in some cases, these parasitic
elements 300 may be configured to be substantially in-
visible to the second antenna beam. In other words, the
slots 310 of the parasitic elements 300 may act as high
impedance portions that interrupt currents in the S-band
frequency range that could otherwise be induced on
themselves. In this way, the slot 310 can reduce induced
S-band currents on the parasitic element 300, thereby
further reducing the scattering effect of the parasitic el-
ement 300 on the S-band radiating element. The parasitic
element 300 with the slots 310 may make the parasitic
element 300 almost invisible to the S-band radiating el-
ement, so that the parasitic element 300 has a cloaked
function for the second antenna beam.

[0036] Referringto Fig.4b, which schematically shows
a variation of the first design solution of the parasitic el-
ement 300 according to some embodiments of the
present invention. In Fig. 4b, only the first segment 320
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of the parasitic element 300 is schematically shown. The
second segment (not shown) may be identical to the sec-
ond segment 330 of the embodiment of Fig. 4a that is
discussed above. Different from Fig. 4a, the first segment
320 in Fig. 4b includes at least one LC low-pass circuit
341 composed of at least one slot 310 and at least one
sub-segment 340 and at least one LC series circuit 344
composed of at least one wide sub-segment 342 and at
least one meandered narrower sub-segment 343.
[0037] The LC low-pass circuit 341 may be configured
such that the at least a portion of the first frequency band
is within a passband of the LC low-pass circuit 341, and
the at least a portion of the second frequency band is
within a stopband of the LC low-pass circuit 341. And, in
some embodiments, the LC series circuit 344 may be
configured as an LC high-pass circuit such that the at
least a portion of the first frequency band is within a pass-
band of the LC high-pass circuit and the at least a portion
of the third frequency band is within a stopband of the
LC high-pass circuit.

[0038] Insome embodiments, the LC series circuit 344
may be configured as an LC band-pass circuit, and the
LC band-pass circuit is configured such that the at least
a portion of the first frequency band is within a passband
of the LC band-pass circuit, the at least a portion of the
second frequency band and the at least a portion of the
third frequency band is within a stopband of the LC band-
pass circuit.

[0039] By meansofthe above-mentioned variation, the
parasitic elements 300 may at least partially compensate
for distortion in the pattern of the second antenna beam
and distortion in the pattern of the third antenna beam.
In some embodiments, the parasitic elements 300 may
be configured to be substantially invisible to the second
antenna beam and the third antenna beam. And, it should
also be understood that the size, number, shape, and
location of the slots 310 and/or sub-segments 340 on the
parasitic element 300 may be designed into different
forms according to actual conditions. For example, the
equivalent inductance may be changed by adjusting the
width and/or depth of the slot 310, and/or the equivalent
capacitance may be changed by adjusting the width
and/or length of the sub-segment 340, thereby changing
the RF performance such as the resonance characteristic
or filtering characteristic of the parasitic element.

[0040] Referring to Figs. 5a and 5b, a second design
solution of the parasitic element 300 according to some
embodiments of the present invention is schematically
shown. The parasitic element 300 may be configured as
a printed circuit board (PCB) element. The PCB-based
parasitic element 300 may provide a number of advan-
tages because: (i) itis easy to print various forms of elec-
trically-conductive segments on the PCB, and (ii) the
electrically-conducting segments may be flexibly
achieved in diverse forms, which means they may well
adapt to the actual application situations. Further, tech-
nicians may simulate various forms of the electrically-
conductive segments at the beginning of the design so
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as to perform a preliminary test on the function of the
electrically-conducting segments and then make a flex-
ible modification based on the test result.

[0041] Each PCB element may have a printed metal
pattern 350 on its side facing the antenna array 200, and
the metal pattern 350 may include a wider trace segment
360 and a meandered narrower trace segment 370. Each
wider trace segment 360 may function as a capacitive
element, and each narrower trace segment 370 may
function as an inductive element. The narrower trace seg-
ment 370 and the wider trace segment 360 can change
the RF performance of the parasitic element 300, so as
to adjust the current distribution on the parasitic element
300, particularly to adjust the distribution of current in the
sub-band where distortion occurs. The resultant change
in distribution of current enables a reduction in negative
effect of the parasitic element 300 while maintaining the
positive effect of the parasitic element 300. In the em-
bodiment of Figs. 5a and 5b, the metal pattern 350 may
be electrically floating. In other embodiments, the metal
pattern 350 may be also capacitively coupled to the re-
flector.

[0042] As an example, in some cases, these parasitic
elements 300, based on their current distribution, may
cause distortion in the pattern of the second antenna
beam in the sub-band of 3.1-3.3 GHz. Therefore, the
structure of the parasitic element 300 needs to be de-
signed for this sub-band. For example, 3.2 GHz may be
selected as a reference frequency, and each wider trace
segment 360 may have a length between 1/4 and 1/2 of
the wavelength corresponding to 3.2 GHz. Each narrow-
er trace segment 370 is located between two wider trace
segment 360 to form an LC series circuit. The LC series
circuit may function as an LC low pass circuit and may
be configured to at least partially block a current within
the corresponding sub-band (3.1-3.3 GHz), for example,
the current flowing along the length of the metal pattern
350, thereby changing the distribution of a current within
the corresponding sub-band (3.1-3.3 GHz) of the second
frequency band on the parasitic element 300 and at least
partially compensating for distortions in the pattern of the
second antenna beam.

[0043] As an example, in some cases, these parasitic
elements 300 may be configured to be substantially in-
visible to the second antenna beam. In other words, the
narrower trace segments 370 of the parasitic elements
300 may act as high impedance portions that interrupt
currents in the S-band frequency range that could other-
wise be induced on the parasitic elements 300. As such,
the narrower trace segment 370 may reduce induced S-
band currents on the parasitic element 300, thereby fur-
ther reducing the scattering effect of the parasitic element
300 on the S-band radiating element. The parasitic ele-
ment 300 with the narrower trace segment 370 may make
the parasitic element 300 almost invisible to the S-band
radiating element, so that the parasitic element 300 has
a cloaked function for the second antenna beam.
[0044] Referring to Fig. 5¢, which schematically shows
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a variation of the second design solution of the parasitic
element 300 according to some embodiments of the
present invention. In Fig. 5¢c, merely the metal pattern
350 of the parasitic element 300 is schematically shown.
Different from Figs. 5a and 5b, the metal pattern 350 in
Fig. 5cincludes atleast one LC low-pass circuit 365 com-
posed of at least one slot 361 and at least one sub-seg-
ment 362 and atleastone LC series circuit 366 composed
of at least one wide sub-segment 363 and at least one
meandered narrower sub-segment 364.

[0045] The LC low-pass circuit 365 may be configured
such that the at least a portion of the first frequency band
is within a passband of the LC low-pass circuit 365, and
the at least a portion of the second frequency band is
within a stopband of the LC low-pass circuit 365. In ad-
dition, in some embodiments, the LC series circuit 366
may be configured as an LC high-pass circuit may be
configured such that the at least a portion of the first fre-
quency band is within a passband of the LC high-pass
circuit, and at least a portion of the third frequency band
is within a stopband of the LC high-pass circuit.

[0046] And,insome other embodiments, the LC series
circuit 366 may be configured as an LC band-pass circuit,
and the LC band-pass circuit is configured such that the
at least a portion of the first frequency band is within a
passband of the LC band-pass circuit, at least a portion
of the second frequency band and at least a portion of
the third frequency band is within a stopband of the LC
band-pass circuit.

[0047] By means ofthe multiple above-mentioned var-
iations, the parasitic elements 300 may at least partially
compensate for distortion in the pattern of the second
antenna beam and distortion in the pattern of the third
antenna beam. In some embodiments, the parasitic ele-
ments 300 may be configured to be substantially invisible
to the second antenna beam and the third antenna beam.
[0048] It should be understood that the size, number,
shape, and location of the wider trace segment 360, 363,
the narrower trace segment 370, 364, the slots 361 and
the sub-segments 362 on the parasitic element 300 may
be designed into different forms according to specific sit-
uations. For example, the equivalent inductance and/or
the equivalent capacitance may be changed by adjusting
the size of the narrower trace segment 370 and/or the
wider trace segment 360, thereby changing the RF per-
formance such as resonance characteristics or filtering
characteristics of the parasitic element.

[0049] Accordingly, as described hereinabove and il-
lustrated by Figs. 1-5, a multi-band antenna 100 accord-
ing to some embodiments of the invention includes a re-
flector 110, and a first array of radiating elements 210
having a plurality of first radiating elements 2101 therein
that are configured to radiate a first antenna beam(s) in
a first frequency band, on the reflector 110. A parasitic
element (e.g., 300) is provided, which extends adjacent
at least a portion of the first array of radiating elements.
The parasitic element 300 is configured to include at least
one of a low-pass LC circuit, a band-pass LC circuit, and
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a high-pass LC circuit therein, which is configured to pref-
erentially pass radiation at frequencies within the first fre-
quency band to a greater extent relative to radiation at
frequencies outside the first frequency band. The multi-
band antenna 100 may also include: (i) a second array
of radiating elements 220 having a plurality of second
radiating elements 2201 therein that are configured to
radiate a second antenna beam(s) in a second frequency
band, on the reflector, and (ii) a third array of radiating
elements 230 having a plurality of third radiating ele-
ments 2301 therein that are configured to radiate a third
antenna beam(s) in a third frequency band, on the re-
flector. In addition, the parasitic element 300 may be con-
figured to pass radiation at frequencies within the first
frequency bandto a greater extentrelative to the radiation
within the second and third frequency bands.

[0050] As shown by Figs. 1-3 and 4a-4b and 5a-5c,
the parasitic element 300 is configured as a radiation-
filtering fence 300 that extends along a side of the reflec-
tor 110. This radiation-filtering fence 320/330 includes a
plurality of spaced-apart sub-segments 340 extending in
series along a length thereof as capacitive elements and
inductive elements 310 (e.g., air gaps) that define at least
one series LC circuit. This radiation-filtering fence
320/330 may be configured as a metal flange having an
L-shaped cross-section (see, e.g., Figs. 3, 4a), and may
be capacitively coupled to the reflector 110. As shown
by FIG. 4b and 5c, the radiation-filtering fence may also
include a series combination of at least two of: a low-
pass LC circuit, a band-pass LC circuit, and a high-pass
LC circuit therein. According to some of these embodi-
ments of the invention, a first plurality of segments 341
of the multi-segment fence may be configured as capac-
itive elements 340 having air-gaps 310 therebetween, a
second plurality of segments 341 of the multi-segment
fence may be configured as capacitive elements having
air-gaps therebetween, and a third plurality of segments
344 of the multi-segment fence may be configured as
capacitive elements 342 having meandering-shaped in-
ductive elements 343 therebetween. As shown by Fig.
5c, the plurality of segments may be patterned as met-
allization layers (e.g., 362 (C), 363 (C), 364 (L)) of re-
spective LC circuits/filters 365, 366, on a printed circuit
board.

[0051] Although some specific embodiments of the
present invention have been described in detail with ex-
amples, it should be understood by a person skilled in
the art that the above examples are only intended to be
illustrative but not to limit the scope of the presentinven-
tion. The embodiments disclosed herein can be com-
bined arbitrarily with each other, without departing from
the scope and spirit of the present invention. It should be
understood by a person skilled in the art that the above
embodiments can be modified without departing from the
scope and spirit of the present invention. The scope of
the present invention is defined by the attached claims.
[0052] Further aspects of the disclosure may be sum-
marized as follows:
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1. A multi-band antenna, comprising:

a reflector;

a first array of radiating elements having a plu-
rality of first radiating elements therein that are
configured to radiate a first antenna beam(s) in
a first frequency band, on the reflector; and

a parasitic element extending adjacent at least
a portion of the first array of radiating elements,
said parasitic element configured to include at
least one of a low-pass LC circuit, a band-pass
LC circuit, and a high-pass LC circuit therein,
which is configured to preferentially pass radia-
tion at frequencies within the first frequency
band to a greater extent relative to radiation at
frequencies outside the first frequency band.

2. The antenna of Aspect 1, further comprising:

a second array of radiating elements having a
plurality of second radiating elements therein
that are configured to radiate a second antenna
beam(s) in a second frequency band, on the re-
flector; and

a third array of radiating elements having a plu-
rality of third radiating elements therein that are
configured to radiate a third antenna beam(s) in
a third frequency band, on the reflector; and
wherein the parasitic element is configured to
pass radiation at frequencies within the first fre-
quency band to a greater extent relative to the
radiation within the second and third frequency
bands.

3. The antenna of any one of the preceding Aspects,
in particular Aspect 2, wherein the parasitic element
is configured as a radiation-filtering fence that ex-
tends along a side of the reflector.

4. The antenna of any one of the preceding Aspects,
in particular Aspect 3, wherein the radiation-filtering
fence comprises a plurality of spaced-apart sub-seg-
ments extending in series along a length thereof as
capacitive and inductive elements that define atleast
one series LC circuit.

5. The antenna of any one of the preceding Aspects,
in particular Aspect 4, wherein the radiation-filtering
fence is capacitively coupled to the reflector.

6. The antenna of any one of the preceding Aspects,
in particular Aspect 4, wherein the radiation-filtering
fence comprises a series combination of at least two
of: alow-pass LC circuit, a band-pass LC circuit, and
a high-pass LC circuit therein.

7. The antenna of any one of the preceding Aspects,
in particular Aspect 3, wherein the radiation-filtering
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fence comprises a plurality of sub-segments extend-
ing in series along a length thereof as capacitive and
inductive elements that define a plurality of series
LC circuits having different filtering characteristics.

8. A multi-band antenna, comprising:

a reflector;

a plurality of first radiating elements on the re-
flector, said plurality of first radiating elements
configured to radiate a first antenna beam(s) in
afirst frequency band responsive to atleast one
feed signal; and

a passive radiation-filtering element extending prox-
imate the first antenna beam(s), said passive radia-
tion-filtering elementcomprising atleast one of alow-
pass LC circuit, a band-pass LC circuit, and a high-
pass LC circuittherein, which is configured to provide
a lower frequency-dependent impedance to radia-
tion within the first frequency band relative to radia-
tion at frequencies outside the first frequency band.

9. The antenna of any one of the preceding Aspects,
in particular Aspect 8, wherein the passive radiation-
filtering element is configured as a multi-segment
fence having capacitive and inductive elements
therein, which are electrically coupled in series.

10. The antenna of any one of the preceding Aspects,
in particular Aspect 9, wherein the multi-segment
fence extends along a portion of the reflector.

11. The antenna of any one of the preceding Aspects,
in particular Aspect 9, wherein the multi-segment
fence is capacitively coupled to the reflector.

12. The antenna of any one of the preceding Aspects,
in particular Aspect 8, wherein the passive radiation-
filtering element extends closer to a rear-facing sur-
face of a first one of the plurality of first radiating
elements relative to a forward-facing surface of the
first one of the plurality of first radiating elements.

13. The antenna of any one of the preceding Aspects,
in particular Aspect 12, wherein the passive radia-
tion-filtering element is configured as a multi-seg-
ment fence having capacitive and inductive ele-
ments therein, which are electrically coupled in se-
ries; and wherein the multi-segment fence extends
adjacent a side of the reflector.

14. The antenna of any one of the preceding Aspects,
in particular Aspect 13, further comprising a plurality
of second radiating elements on the reflector, said
plurality of second radiating elements configured to
radiate a second antenna beam(s) in a second fre-
quency band, which is higher than the first frequency
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band; and wherein the plurality of first radiating ele-
ments extend between the multi-segment fence and
the plurality of second radiating elements.

15. The antenna of any one of the preceding Aspects,
in particular Aspect 14, wherein the multi-segment
fence is configured as metal flange having an L-
shaped cross-section, which is mounted on a for-
ward-facing surface of the reflector.

16. The antenna of any one ofthe preceding Aspects,
in particular Aspect 15, wherein a first plurality of
segments of the multi-segment fence are configured
as capacitive elements; and wherein a second plu-
rality of segments of the multi-segment fence are
configured as inductive elements.

17. The antenna of any one of the preceding Aspects,
in particular Aspect 15, wherein a first plurality of
segments of the multi-segment fence are configured
as capacitive elements having air-gaps therebe-
tween; wherein a second plurality of segments of the
multi-segment fence are configured as capacitive el-
ements having air-gaps therebetween; and wherein
a third plurality of segments of the multi-segment
fence are configured as capacitive elements having
meandering-shaped inductive elements therebe-
tween.

18. The antenna of any one ofthe preceding Aspects,
in particular Aspect 17, wherein the third plurality of
segments extend between the first plurality of seg-
ments and the second plurality of segments.

19. The antenna of any one of the preceding Aspects,
in particular Aspect 18, wherein the first plurality of
segments extend to a first end of the multi-segment
fence; and wherein the second plurality of segments
extend to a second end of the multi-segment fence.

20. The antenna of any one ofthe preceding Aspects,
in particular Aspect 9, wherein the multi-segment
fence comprises a printed circuit board.

21. A multi-band antenna, comprising:

afirst array of radiating elements including a plu-
rality of first radiating elements, wherein the first
array of radiating elements is configured to gen-
erate a first antenna beam in a first frequency
band;

a second array of radiating elements including
aplurality of second radiating elements, wherein
the second array of radiating elements is con-
figured to generate a second antenna beam in
a second frequency band;

a third array of radiating elements including a
plurality of third radiating elements, wherein the
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third array of radiating elements is configured to
generate a third antenna beam in a third fre-
quency band; and

a parasitic element, which comprises at least
one inductive element and at least one capaci-
tive element and is configured such that a cur-
rent within atleast a portion of the first frequency
band is passable and a current within at least a
portion of the second frequency band and a cur-
rentwithin atleasta portion of the third frequency
band is at least partially blocked.

22. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 21, char-
acterized in that

the parasitic element comprises an LC low-pass cir-
cuit composed of at least one inductive element and
at least one capacitive element, and the LC low-pass
circuit is configured such that the at least a portion
of the first frequency band is within a passband of
the LC low-pass circuit, and the at least a portion of
the second frequency band is within a stopband of
the LC low-pass circuit, and

the parasitic element comprises an LC high-pass cir-
cuit composed of at least one inductive element and
at least one capacitive element, and the LC high-
pass circuit is configured such that the at least a por-
tion of the first frequency band is within a passband
of the LC high-pass circuit, and the at least a portion
of the third frequency band is within a stopband of
the LC high-pass circuit, and/or

the parasitic element comprises an LC band-pass
circuit composed of at least one inductive element
and at least one capacitive element, and the LC
band-pass circuit is configured such that the at least
a portion of the first frequency band is within a pass-
band of the LC band-pass circuit, each of the atleast
a portion of the second frequency band and the at
least a portion of the third frequency band is within
a stopband of the LC band-pass circuit.

23. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 21, char-
acterized in that the first frequency band includes at
least a portion of 1695-2690 MHz, the second fre-
quency band includes at least a portion of
3.1-4.2GHz and the third frequency band includes
at least a portion of 694-960 MHz.

24. A multi-band antenna, comprising:

afirstarray of radiating elements including a plu-
rality of first radiating elements, the first array of
radiating elements being configured to generate
a first antenna beam in a first frequency band,
the first frequency band including at least a por-
tion of 1695-2690 MHz;

a second array of radiating elements including
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a plurality of second radiating elements, wherein
the second array of radiating elements is con-
figured to generate a second antenna beam in
a second frequency band, the second frequency
band including at least a portion of 3.1-4.2GHz;
and

aparasitic element configured to adjusta pattern
of the first antenna beam, wherein the parasitic
elementincludes atleast one inductive element,
wherein the inductive element is configured to
change at least a distribution of a current within
at least a portion of the second frequency band
on the parasitic element for at least partially
compensating for distortion of the pattern of the
second antenna beam.

25. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 24, char-
acterized in that the inductive element is configured
to atleast partially block the current within the at least
a portion of the second frequency band.

26. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 24, char-
acterized in that the parasitic element further in-
cludes at least one capacitive element.

27. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 26, char-
acterized in that the at least one inductive element
and the at least one capacitive element are connect-
ed in series to form at least one LC series circuit, by
which the distribution of the current within the atleast
a portion of the second frequency band on the par-
asitic element is at least partially changed.

28. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 27, char-
acterized in that each inductive elementis connected
in series between an adjacent pair of capacitive el-
ements to form the LC series circuit.

29. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 26, char-
acterized in that the inductive element is configured
as a slot, and the capacitive element is configured
as a sub-segment, wherein adjacent sub-segments
are spaced from each other by the slot.

30. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 27, char-
acterized in that the inductive element is configured
as a meandered narrower segment, and the capac-
itive element is configured as a wider segment.

31. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 24, char-
acterized in that the parasitic element is configured
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to reduce an azimuth beam width of the pattern of
the first antenna beam, and/or the parasitic element
is configured to increase a front-to-back ratio and/or
a cross-polarization ratio of the pattern of the first
antenna beam.

32. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 24, char-
acterized in that the multi-band antenna further com-
prises:

a third array of radiating elements including a plural-
ity of third radiating elements, wherein the third array
ofradiating elements is configured to generate a third
antenna beam in a third frequency band, the third
frequency band including at least a portion of
694-960 MHz.

33. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 32, char-
acterized in that the parasitic element is configured
to reduce beam width of the pattern of the first an-
tenna beam and the third antenna beam, and/or the
parasitic element is configured to increase a front-
to-back ratio and/or a cross-polarization ratio of the
pattern of the first antenna beam and the third an-
tenna beam.

34. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 24, char-
acterized in that the parasitic element is provided as
a fence outside of each of the first array of radiating
elements and the second array of radiating ele-
ments.

35. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 30, char-
acterized in that the multi-band antenna comprises:
two firstarrays of radiating elements, and two second
arrays of radiating elements and one third array of
radiating elements mounted between the two first
arrays of radiating elements.

36. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 24, char-
acterized in that the multi-band antenna includes a
plurality of the parasitic elements distributed in one
or more arrays of parasitic elements.

37. A multi-band antenna, comprising:

afirstarray of radiating elements including a plu-
rality of first radiating elements, wherein the first
array of radiating elements is configured to gen-
erate a first antenna beam in a first frequency
band;

a second array of radiating elements including
aplurality of second radiating elements, wherein
the second array of radiating elements is con-

10

20

25

30

35

40

45

50

55

1"

figured to generate a second antenna beam in
a second frequency band; and

aparasitic element configured to adjusta pattern
of the first antenna beam, wherein the parasitic
element is configured as a metal element with
at least one slot, wherein the slot is configured
to change at least a distribution of a current with-
in atleasta portion of the second frequency band
on the parasitic element.

38. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 37, char-
acterized in that the slot is configured to at least par-
tially block the current within the at least a portion of
the second frequency band.

39. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 37, char-
acterized in that the parasitic element at least par-
tially compensates for distortion of the pattern of the
second antenna beam by changing the distribution
of the current.

40. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 37, char-
acterized in that the parasitic element includes a first
segment that is divided into a plurality of sub-seg-
ments by the slot.

41. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 40, char-
acterized in that the slot is configured to at least par-
tially change a distribution of a current within at least
a portion of the second frequency band on the sub-
segments.

42. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 40, char-
acterizedin that the parasitic elementincludes a sec-
ond segment connected to the first segment, the sec-
ond segment being configured to be mounted on a
reflector of the multi-band antenna.

43. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 42, char-
acterized in that the second segment is bent with
respect to the first segment.

44. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 40, char-
acterized inthat the slot extends over the entire width
of the first segment.

45. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 40, char-
acterized in that each of the sub-segments has a
length less than 1/2 of a wavelength corresponding
to a frequency within the at least a portion of the
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second frequency band.

46. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 40, char-
acterized in that each of the sub-segment has a
length between 1/4 and 1/2 of a wavelength corre-
sponding to a frequency within the at least a portion
of the second frequency band.

47. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 40, char-
acterized in that each of the sub-segments of the
parasitic element functions as a capacitive element,
and the slot of the parasitic element functions as an
inductive element.

48. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 40, char-
acterized in that an upper limit of a width of the slot
is: 2mm,Tmm or 0.5mm.

49. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 37, char-
acterized in that the multi-band antenna further com-
prises:

a third array of radiating elements including a plural-
ity of third radiating elements, wherein the third array
ofradiating elements is configured to generate a third
antenna beam in a third frequency band.

50. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 49, char-
acterized in that the parasitic element is configured
to reduce beam width of the pattern of the first an-
tenna beam and the third antenna beam, and/or the
parasitic element is configured to increase a front-
to-back ratio and/or a cross-polarization ratio of the
pattern of the first antenna beam and the third an-
tenna beam.

51. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 40, char-
acterized in that the slot and the sub-segment are
connected in series to form an LC low-pass circuit,
and the LC low-pass circuit is configured such that
the at least a portion of the first frequency band is
within a passband of the LC low-pass circuit, and the
at least a portion of the second frequency band is
within a stopband of the LC low-pass circuit.

52. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 49, char-
acterized in that the parasitic element further com-
prises at least one wider sub-segment and at least
one meandered narrower sub-segmentto formaLC
series circuit.

53. The multi-band antenna according to any one of
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the preceding Aspects, in particular Aspect 52, char-
acterized in that

the LC series circuit is configured as a LC high-pass
circuit, and the LC high-pass circuit is configured
such that the at least a portion of the first frequency
band is within a passband of the LC high-pass circuit,
and the at least a portion of the third frequency band
is within a stopband of the LC high-pass circuit,
and/or

the LC series circuit is configured as a LC band-pass
circuit, and the LC band-pass circuit is configured
such that the at least a portion of the first frequency
band is within a passband of the LC band-pass cir-
cuit, each of the at least a portion of the second fre-
quency band and the at least a portion of the third
frequency band is within a stopband of the LC band-
pass circuit.

54. A multi-band antenna, comprising:

afirst array of radiating elements including a plu-
rality of first radiating elements, the first array of
radiating elements being configured to generate
a first antenna beam in a first frequency band,
wherein the first frequency band includes at
least a portion of 1695-2690 MHz;

a second array of radiating elements including
a plurality of second radiating elements, the sec-
ond array of radiating elements being configured
to generate a second antenna beam in a second
frequency band, wherein the second frequency
band includes at least a portion of 3.1-4.2GHz;
and

aparasitic element configured to adjusta pattern
of the first antenna beam, wherein the parasitic
element is configured as a printed circuit board
elementincluding a metal pattern, and the metal
pattern includes at least one inductive element
and at least one capacitive element so as to
change at least a distribution of a current within
at least a portion of the second frequency band
on the parasitic element for at least partially
compensating for distortion of the pattern of the
second antenna beam.

55. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 54, char-
acterized in that the inductive element is configured
to atleast partially block the current within the at least
a portion of the second frequency band.

56. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 54, char-
acterized in that the capacitive element has a length
that is less than 1/2 of a wavelength corresponding
to a frequency within the at least a portion of the
second frequency band.
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57. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 54, char-
acterized in that the capacitive element has a length
between 1/4 and 1/2 of a wavelength corresponding
to a frequency within the at least a portion of the
second frequency band.

58. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 54, char-
acterized in that the capacitive elementis configured
as a wider trace segment, and the inductive element
is configured as a narrower trace segment.

59. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 54, char-
acterized in that the inductive element is configured
as a slot, and the capacitive element is configured
as a sub-segment, wherein adjacent sub-segments
are spaced from each other by the slot.

60. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 54, char-
acterized in that the multi-band antenna further com-
prises:

a third array of radiating elements including a plural-
ity of third radiating elements, wherein the third array
ofradiating elements is configured to generate a third
antenna beam in a third frequency band, wherein
the third frequency band includes at least a portion
of 694-960 MHz.

61. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 54, char-
acterized in that the parasitic element is configured
to reduce beam width of the pattern of the first an-
tenna beam and the third antenna beam, and/or the
parasitic element is configured to increase a front-
to-back ratio and/or a cross-polarization ratio of the
pattern of the first antenna beam and the third an-
tenna beam.

62. The multi-band antenna according to any one of
the preceding Aspects, in particular Aspect 60, char-
acterized in that

the parasitic element comprises an LC low-pass cir-
cuit composed of at least one inductive element and
at least one capacitive element, and the LC low-pass
circuit is configured such that the at least a portion
of the first frequency band is within a passband of
the LC low-pass circuit, and the at least a portion of
the second frequency band is within a stopband of
the LC low-pass circuit, and/or

the parasitic element comprises an LC high-pass cir-
cuit composed of at least one inductive element and
at least one capacitive element, and the LC high-
pass circuit is configured such that the at least a por-
tion of the first frequency band is within a passband
of the LC high-pass circuit, and the at least a portion
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of the third frequency band is within a stopband of
the LC high-pass circuit, and/or

the parasitic element comprises an LC band-pass
circuit composed of at least one inductive element
and at least one capacitive element, and the LC
band-pass circuit is configured such that the at least
a portion of the first frequency band is within a pass-
band of the LC band-pass circuit, the at least a por-
tion of the second frequency band and the at least
a portion of the third frequency band is within a stop-
band of the LC band-pass circuit.

Claims

A multi-band antenna, comprising:

a reflector;

a first array of radiating elements having a plu-
rality of first radiating elements therein that are
configured to radiate one or more first antenna
beams in a first frequency band, on the reflector;
and

a parasitic element extending adjacent at least
a portion of the first array of radiating elements,
said parasitic element configured to include at
least one of a low-pass LC circuit, a band-pass
LC circuit, and a high-pass LC circuit therein,
which is configured to preferentially pass radia-
tion at frequencies within the first frequency
band to a greater extent relative to radiation at
frequencies outside the first frequency band.

2. The antenna of Claim 1, further comprising:

a second array of radiating elements having a
plurality of second radiating elements therein
that are configured to radiate one or more sec-
ond antenna beams in a second frequency
band, on the reflector; and

a third array of radiating elements having a plu-
rality of third radiating elements therein that are
configured to radiate one or more third antenna
beams in a third frequency band, on the reflec-
tor; and

wherein preferably the parasitic element is con-
figured to pass radiation at frequencies within
the first frequency band to a greater extent rel-
ative to the radiation within the second and third
frequency bands.

3. The antenna of either Claim 1 or Claim 2, wherein

the parasitic element is configured as a radiation-
filtering fence that extends along a side of the reflec-
tor, and wherein preferably the radiation-filtering
fence comprises one or more of either:

a) a plurality of spaced-apart sub-segments ex-
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tending in series along a length thereof as ca-
pacitive and inductive elements that define at
least one series LC circuit, and/or

b) a plurality of sub-segments extending in se-
ries along a length thereof as capacitive and in-
ductive elements that define a plurality of series
LC circuits having different filtering characteris-
tics, and/or

c) a series combination of at least two of: a low-
pass LC circuit, a band-pass LC circuit, and a
high-pass LC circuit therein.

The antenna of any of the preceding Claims, in par-
ticular Claim 3, wherein the radiation-filtering fence
is capacitively coupled to the reflector.

A multi-band antenna, comprising:

a reflector;

a plurality of first radiating elements on the re-
flector, said plurality of first radiating elements
configured to radiate one or more first antenna
beams in a first frequency band responsive to
at least one feed signal; and

a passive radiation-filtering element extending prox-
imate the one or more first antenna beams, said pas-
sive radiation-filtering element comprising at least
one of a low-pass LC circuit, a band-pass LC circuit,
and a high-pass LC circuit therein, which is config-
ured to provide a lower frequency-dependent imped-
ance to radiation within the first frequency band rel-
ative to radiation at frequencies outside the first fre-
quency band.

The antenna of Claim 5, wherein the passive radia-
tion-filtering element is configured as a multi-seg-
ment fence having capacitive and inductive ele-
ments therein, which are electrically coupled in se-
ries.

The antenna of either Claim 5 or Claim 6, wherein
the multi-segment fence extends along a portion of
the reflector and/or is capacitively coupled to the re-
flector.

The antenna of any of Claims 5 to 7, wherein the
passive radiation-filtering element extends closer to
a rear-facing surface of a first one of the plurality of
first radiating elements relative to a forward-facing
surface of the first one of the plurality of first radiating
elements.

The antenna of any of Claims 5 to 8, wherein the
passive radiation-filtering element is configured as
a multi-segment fence having capacitive and induc-
tive elements therein, which are electrically coupled
in series; and wherein the multi-segment fence pref-
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26
erably extends adjacent a side of the reflector.

The antenna of any of Claims 5 to 9, further com-
prising a plurality of second radiating elements on
the reflector, said plurality of second radiating ele-
ments configured to radiate one or more second an-
tenna beams in a second frequency band, which is
higher than the first frequency band; and wherein
the plurality of first radiating elements extend be-
tween the multi-segment fence and the plurality of
second radiating elements.

The antenna of any of Claims 5 to 10, wherein the
multi-segment fence is configured as metal flange
having an L-shaped cross-section, which is mounted
on a forward-facing surface of the reflector.

The antenna of any of Claims 5 to 11, wherein a first
plurality of segments of the multi-segment fence are
configured as capacitive elements; and wherein a
second plurality of segments of the multi-segment
fence are configured as inductive elements.

The antenna of any of Claims 5 to 12, wherein a first
plurality of segments of the multi-segment fence are
configured as capacitive elements having air-gaps
therebetween; wherein a second plurality of seg-
ments of the multi-segment fence are configured as
capacitive elements having air-gaps therebetween;
and wherein a third plurality of segments of the multi-
segment fence are configured as capacitive ele-
ments having meandering-shaped inductive ele-
ments therebetween.

The antenna of any of Claims 5 to 13, wherein the
third plurality of segments extend between the first
plurality of segments and the second plurality of seg-
ments and/or wherein the first plurality of segments
extend to a first end of the multi-segment fence; and
wherein preferably the second plurality of segments
extend to a second end of the multi-segment fence.

The antenna of any of the preceding Claims, wherein
the multi-segment fence comprises a printed circuit
board.
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