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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a radiating el-
ement for a base station antenna, a dual band radiating
arrangement and a base station antenna.

BACKGROUND

[0002] Ultra broad band base station antenna systems
typically operate in the 690-960 MHz ("Low Band" - LB),
1.427-2.4 GHz ("Middle Band" - MB) and 1.7-2.7 GHz
("High Band" - HB) spectrum which includes most cellular
network frequency bands used today. With the growing
demand for a deeperintegration of antennas with Radios,
e.g. Active Antenna Systems (AAS), new ways of design-
ing ultra compact ultra broadband multiple arrays base
antenna architectures by reducing the depth are being
requested without compromising the antenna key points.
[0003] Forthose architectures the coexistence of mul-
tiple LB, MB and HB is preferred. However, this becomes
even more challenging when trying to reduce the overall
geometrical antenna dimensions (compact design) and
keeping RF key performance. Among many other tech-
nical design strategies, one of the key points is the radi-
ating elements design for the LB, MB and HB. Ideally
they should be electrically invisible to each other. From
this perspective the physical dimensions of the radiating
elements are one of the dominating factors.

[0004] In a typical scenario, the MB frequency range
(1.427 GHz - 2.4 GHz) is approximately double the LB
frequency range (690 - 960 MHz), therefore a dipole de-
signed to work in the MB will probably resonate and be-
have as a monopole in the LB, generating unwanted ef-
fects and degrading the performance of the antenna in
the LB frequency band.

[0005] If the resonant behavior of the MB dipole is not
shifted out of the LB frequency band, some unwanted
consequences appear from in-band resonance such as
peaks in the return loss and isolation, phase discontinu-
ities, disturbances in the radiation pattern, gain drops,
etc.

[0006] Hence,thereis need foraradiating elementthat
provides a broadband characteristic while having a low
profile and being invisible from the other bands coexisting
in the antenna.

SUMMARY OF THE INVENTION

[0007] The objective of the present invention is to pro-
vide a radiating element for a base station antenna, a
dual band radiating arrangement and a base station an-
tenna, which overcome one or more of the above-men-
tioned problems of the prior art.

[0008] A first aspect of the invention provides a radiat-
ing element for a base station antenna, the radiating el-
ement comprising: a support structure, at least a pair of
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dipole arms in a first layer of the support structure, and
at least two parasitic arms in a second layer of the support
structure, wherein the distance between the first and the
second layer is between 0.0004 and 0.1, preferably be-
tween 0.002 and 0.02, of the minimum wavelength of the
operating frequency band of the radiating element,
wherein the area of the parasitic arms in a projection
perpendicular from the second to the first layer cover at
least 60% of the areas of the at least one pair of dipole
arms. The parasitic arms which are formed of a conduc-
tive material, arranged in the determined distance with
respect to the dipole arms have the technical effect that
for the given operating frequency, the total length of the
dipole arms can be reduced. Thus, the total dimension
of the radiating element in the direction alongside to the
dipole arms is decreased with respect to prior art devices.
This, forinstance, allows to arrange the radiating element
in a second radiating element of a lower frequency band
to provide a dual-band radiating arrangement in a re-
duced spatial configuration. The parasitic arms are ar-
ranged DC/galvanically isolated from the dipole arms.
Each parasitic arms is capacitively coupled to at least
one corresponding dipole arm.

[0009] Inafirstimplementation of the radiating element
according to the first aspect, the first layer is parallel to
the second layer. In general, the distance between the
first and second layer which defines the distance be-
tween the dipole arms and the parasitic arms in each
location can vary within the limits provided according to
the first aspect. However, keeping the first layer parallel
to the second layer, i.e. the parasitic arms and the dipole
arms have a constant vertical distance, is preferred be-
cause this configuration can be easily manufactured. For
example, thefirst and second layer may be parallel layers
in a continuous support structure of an isolating material.
In a second implementation of the radiating element ac-
cording to any implementation of the first aspect, the sup-
port structure comprises a printed circuit board, PCB,
and the dipole arms are disposed in a layer of the PCB,
and the parasitic arms are disposed in another layer of
the same PCB. In this implementation, the support struc-
ture is formed by a PCB which can be manufactured cost-
efficiently. The first and second layers may be arranged
on opposing sides of the PCB. Alternatively, one or more
of the first and second layers may also be arranged in
an intermediate layer of the PCB.

[0010] In a third implementation of the radiating ele-
ment according to the first aspect or the first implemen-
tation of the first aspect, the support structure comprises
or is a molded interconnected device, MID, wherein the
dipole arms are formed by a first metallization on the MID
and the parasitic arms are formed by a second metalli-
zation on the MID, wherein the first metallization and the
second metallization are opposite to each other. A sup-
port structure out of a MID can also be manufactured
cost-efficiently. The metallization which forms the dipole
arms and parasitic arms, respectively, may also be ar-
ranged in parallel layers such as the top and bottom side
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of a plan MID plate.

[0011] In a fourth implementation of the radiating ele-
ment according to the first aspect or the first implemen-
tation of the first aspect, the dipole arms are formed by
a first set of metal sheets and the parasitic arms are
formed by a second set of metal sheets arranged in the
distance to the first set of metal sheets. In this implemen-
tation, the parasitic arms and dipole arms are made of
metal sheets which may be separated by an insulating
material. This construction also allows to arrange the par-
asitic arms and the dipole arms in parallel layers on a
support structure which may include any insulating ma-
terial. In this construction it is not necessary that the in-
sulating material of the support structure is continuously
between the parasitic arms and the dipole arms as far
as the distance of the first and second layer is within the
previously defined limits.

[0012] In afifthimplementation of the radiating element
according to any implementation of the first aspect the
parasitic arms are floating. Floating means that the arms
are isolated from the ground and also not connected any
signal feed. In this way, the parasitic arms act effectively
as an extension for the dipole arms which decreases the
total length of the dipole arms for a given operating fre-
quency.

[0013] In a sixth implementation of the radiating ele-
ment according to any implementation of the first aspect,
the radiating element comprises one or more additional
parasitic elements outside the area of the dipole arms
and galvanically isolated from the at least two parasitic
arms, wherein the additional parasitic elements are ar-
ranged in the first, the second or any other layer of the
radiating element. Additional parasitic elements outside
the area of the dipole arms allow to further decrease the
total length of the dipole arms. The additional parasitic
elements are also floating and may therefore reduce the
total length of the radiating element, i.e. the total length
of the dipole arms plus the length added by of the addi-
tional parasitic elements arranged outside the dipole
arms. The additional parasitic elements may be arranged
on any layer of the radiating element, preferably, the par-
asitic elements are arranged in the first or second layer
oron any intermediate layer between the first and second
layer. With the additional parasitic elements, in a layer
within the predefined distance of the first and second
layer, the additional parasitic elements act most efficient-
ly to reduce the length of the dipole arms.

[0014] In a seventh implementation of the radiating el-
ement according to any implementation of the first as-
pect, the at least two parasitic arms each includes a solid
area of conductive material. The parasitic arms of a solid
area of conductive material are most efficiently for reduc-
ing the total length of the dipole arms. However, in other
preferred implementations, the area of the conductive
material of the parasitic arms may also include non-con-
ductive interruptions. The non-conductive interruptions
may affect the radiating characteristics of the radiating
element only in a small amount such that the effect of
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reducing the length of the radiating elements is still pro-
vided.

[0015] In an eighth implementation of the radiating el-
ement according to any implementation of the first as-
pect, the support structure comprises a distance holder
with a foot for connecting to a reflector of the base station
antenna, wherein the distance holder is configured to
hold the dipole arms and the parasitic arms at a further
predefined distances from the reflector. The support
structure including the foot for connecting to a reflector
of a base station provides the effect that the dipole arms
and the parasitic arms are arranged in a predefined dis-
tance to the reflector of the base station antenna. The
preferred predefined distance from the reflector in order
to keep low profile characteristics and still good RF per-
formance should stay in the range of 0.15 to a quarter
wavelength at the central operating frequency. The re-
flector may act as a reflector for multiple radiating ele-
ments in the base station antenna. The feet integrated
in the support structure allows to easily connect the ra-
diating elements to the reflector. Moreover, the feet may
also include electrical circuitries, in particular a feeding
system for the radiating element.

[0016] In a ninth implementation of the radiating ele-
ment according to any implementation of the first aspect,
the distance holder comprises oris a printed circuitboard,
PCB, perpendicular to the first and second layers of the
radiating element, wherein the PCB comprises a balun
and a microstrip line, whereas the balun is configured to
galvanically connect each of the arms of the at least one
pair of dipole arms to ground and whereas the microstrip
line is configured to feed, i.e. provide with a signal to be
radiated, the at least one pair of dipole arms.. The micro-
strip line of this implementation acts as a feeding trans-
mission line for the dipole arms. The balun may include
a conductive surface on a side of the PCB opposite the
microstrip line and its function is to convert the balanced
signal of the dipole arms to the unbalanced signal in the
feeding line, and vice versa.

[0017] In a tenth implementation of the radiating ele-
ment according to any implementation of the first aspect,
the operating frequency band is in a range from 1.4 GHz
to 2.7 GHz. This operating frequency is preferred be-
cause it allows to arrange the radiating element of this
implementation into a further radiating element which op-
erates in the low band, i.e. in the range from 690 MHz to
960 MHz.

[0018] A secondaspectoftheinvention refersto adual
band radiating arrangement of at least first and second
radiating elements, the first radiating element according
to any implementation of the first aspect having an op-
erating frequency band and the second radiating element
having an operating frequency band lower than the op-
erating frequency band of the first radiating element,
wherein the first radiating element is arranged inside the
second radiating element. The dual band radiating ar-
rangement according to this aspect has the benefit that
the two radiating elements of different bands can be ar-
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ranged to occupy only a minimum space. This is a par-
ticular advantage for the construction of base station an-
tennas which are typically operated in at least two fre-
quency bands such as a first band is covered by the first
radiating element and the second band is covered by the
second radiating element. As the second radiating ele-
ment for the lower frequency is necessarily bigger in size,
itis an advantage that the radiating element for the upper
band can be arranged inside the radiating element for
the lower band.

[0019] A third aspect of the invention refers to a base
station antenna comprising: a reflector; at least a radiat-
ing element of any of the implementations of the first as-
pect and/or a dual band radiating element according to
the second aspect; wherein the radiating element and/or
dual band radiating element is arranged before the re-
flector so that the dipole arms and the parasitic arms are
arranged at predefined distances to the reflector. The
base station antenna of this aspect may include a plurality
of radiating elements and/or dual band radiating ele-
ments which are all arranged in the predefined distance
to a single reflector. Thus, this construction allows to con-
struct a base station having at least two or three radiating
elements for different operating bands within a small spa-
tial configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] To illustrate the technical features of embodi-
ments of the present invention more clearly, the accom-
panying drawings provided for describing the embodi-
ments are introduced briefly in the following. The accom-
panying drawings in the following description are merely
some embodiments of the present invention, but modifi-
cations on these embodiments are possible without de-
parting from the scope of the presentinvention as defined
in the claims.
FIG. 1 shows a perspective view of a radiating el-
ement of a first embodiment from the top
side,

FIG. 2 shows a perspective view of the radiating
element of the first embodiment from the
bottom side,

FIG. 3 shows a side elevation view of the radiating
element of the first embodiment,

FIG. 4 shows a side elevation view of a PCB in-
cluding a feeding system of the first em-
bodiment,

FIG. 5 shows a perspective view of a dual band
radiating element of a second embodiment
from the top side,

FIG. 6 shows a perspective view of the dual band
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radiating element of the second embodi-
ment from the bottom side,

FIG. 7 shows a plan view on a base station anten-
na of a third embodiment,
FIGs 8a-c  show perspective top views and bottom

views of further three embodiments of ara-
diating element.

Detailed Description of the Embodiments

[0021] Referring to FIGs 1 to 5 a first embodiment of
a radiating element is described.

[0022] The radiating element includes two pairs of di-
pole arms 2 which are capable of radiating in perpendic-
ular polarizations. The dipole arms 2 are arranged on a
top surface of a supporting structure which includes in
this embodiment a printed circuit board, PCB, 4. The di-
pole arms 2 are electromagnetically coupled to (but gal-
vanically/DC isolated from) parasitic arms 6 which in-
clude a layer of a conductive material and are arranged
on the opposing side of the PCB 4. The shape of the
parasitic arms is arbitrary but preferably covers the whole
area of the respective dipole arms 2. In the shown em-
bodiment, the parasitic arms are arranged on the bottom
layer of the PCB and the dipole arms 2 are arranged on
the top layer of the PCB 4. However, it should be under-
stood that in other embodiments the dipole arms and the
parasitic arms may also be arranged in other layers (top
layer, bottom layer or intermediate layer) of a support
structure such as a PCB or a modelled interconnected
device, MID.

[0023] The dipole arms 2 have a curved profile as
showninFIG. 1. However, other geometries are possible.
[0024] The parasitic arms 6 are floating, i.e. they are
galvanically disconnected from the ground and also from
any other signal feed.

[0025] The dipole arms 2 are dipole feet 8 which in the
present embodiment are formed by two PCBs stacked
together.

[0026] With reference to FIGs 3 and 4 more details of
the dipole feet 8 are described. The dipole feet 8 of each
PCB includes a microstrip line 10 which capacitvely feeds
the respective pair of dipole arms 2. Moreover, on the
side opposing the side of the microstrip line 10 of the
PCB of the dipole foot 8, the surface is metallized to form
a balun structure 12. The electrical balun structure 12 is
realized by capacitively or as shown in the embodiment
galvanically connecting the metallized surface in two
points to the dipole arms 2. This allows an additional tun-
ing of the resonance frequency of the dipole arms 2. In
other words, the dipole feet 8 provides a capacitive feed-
ing to the dipole arms 2 and furthermore a galvanic con-
nection of the dipole arms 2 to ground.

[0027] Below the dipole feet a further feeding PCB 4
is arranged to serve as an interface between the micro-
strip lines 10 and antenna feeding network and to provide
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a mechanical support for the radiating element.

[0028] The relationship between the dipole arms 2 and
the coupled parasitic arms 6 are defined as follows: the
projection of the dipole arm 2 over the parasitic arm 6
should overlap at least 60% of the surface of the dipole
arm 2. The parasitic arm layer should be below the dipole
arms at a distance between 0.0004 and 0.1 of the mini-
mum wavelength of the operating frequency band of the
radiating element, preferably between 0.002 and 0.02 of
the minimum wavelength. The distance may be constant
as showninthefirstembodiment as the layer of the dipole
arms and the layer of the parasiticarms are parallel. How-
ever, in other embodiments, the distance may also vary
within the given limits.

[0029] The length and area of the parasitic arms 6 de-
termines the bandwidth and the resonance frequency of
the radiating element. The parasitic arms 6 can have an
arbitrary shape, but preferably the parasitic arms are sol-
id. There are at least two parasitic arms 6 per dipole but
other embodiments are not limited to only two parasitic
arms per dipole. Additional parasitic arms can be used
for further increasing the operational bandwidth of the
dipole.

[0030] The radiating element as described above is
intended to work in a multiband architecture which will
be described in the context of FIGs 5 and 6.

[0031] FIGs5and 6 depict of a multiband arrangement
of a second embodiment which includes as one part the
radiating element of the first embodiment. The first radi-
ating element is arranged inside a cup-shaped radiating
element 20 of a lower frequency. For example, the radi-
ating element of the first embodiment may operate in the
middle band while the second radiating element 20 of
the dual band radiating arrangement operates in the low
band. Further details regarding the second radiating el-
ement 20 of the low band are described in the parallel
pending PCT patent application PCT/EP2016/057963
which is fully incorporated by reference. Itis obvious that
the dual band radiating arrangement of the second em-
bodiment is optimized for the available space as the ra-
diating element for the middle band is arranged inside
the radiating element 20 of the low band.

[0032] The lower frequency radiating element 20 acts
as a sub reflector for the first radiating element arranged
inside the lower frequency radiating element. To ground
the firstradiating element to a subreflector, an orthogonal
PCB of the lower band radiating element is capacitively
coupled to a lower plane of the lower frequency radiating
element 20.

[0033] As shown in FIG. 6, the combined radiating el-
ementis fed also through the crossed PCBs 8 which also
forms the feet of the firstradiating element. Further details
are described in the mentioned parallel pending PCT pat-
ent application PCT/EP2016/057963

[0034] Referring to FIG. 7, a base station antenna of
a third embodiment is described. The base station an-
tenna includes a reflector 30 and a plurality of radiating
elements. Along a centreline of the reflector 30, first ra-
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diating elements and dual band radiating elements ac-
cording to the second embodiments are arranged. More-
over, a third type of radiating elements are arranged on
the longitudinal sides of the reflector 30. The third type
of radiating elements have an operating band of the high
band, i.e. from 1710 to 2690 Mhz.

[0035] As shown in FIG. 7, the total arrangement of
the base station antenna is spatially optimized as the
radiating elements of the low band and the middle band
are embodied in part by dual band radiating elements as
described before. All radiating elements act with the
same reflector 30.

[0036] With reference to FIGs 8a to 8c, further embod-
iments of radiating elements are described. FIG. 8a
shows a radiating element similar to the first embodiment
but the parasitic element includes a non-conductive in-
terruption 40 within the solid area of conductive material.
The embodiment of FIG. 8b includes two parasitic arms
42 for each dipole arm. The amount of the area of the
two parasitic arms 42 cover at least 60% of the area of
the dipole arm. The embodiment of FIG. 8c includes ad-
ditional parasitic elements 44. The additional parasitic
elements 44 are arranged on the top side of the PCB in
the same layer of the dipole arms 2. The additional par-
asitic elements 42 further increase the operational band
frequency of the dipole.

[0037] The foregoing descriptions are only implemen-
tation manners of the presentinvention, the scope of the
present invention is not limited to this. Any variations or
replacements can be easily made through person skilled
in the art. Therefore, the protection scope of the present
invention should be subject to the protection scope of the
attached claims.

Claims

1. A radiating element for a base station antenna, the
radiating element comprising:

a support structure,

at least a pair of dipole arms (2) in a first layer
of the support structure (4), and

at least two parasitic arms (6) in a second layer
of the support structure (4),

wherein the distance between the first and the
second layer is between 0.0004 and 0.1,
preferably between 0.002 and 0.02, of the min-
imum wavelength of the operating frequency
band of the radiating element,

wherein the area of the parasitic arms in a pro-
jection perpendicular from the second to the first
layer cover at least 60% of the areas of the at
least one pair of dipole arms (2).

2. The radiating element according to claim 1,
wherein the first layer is parallel to the second layer.



10.

1.

9 EP 3 232 504 A1 10

The radiating element according to any of the previ-
ous claims, wherein the support structure (4) com-
prises a printed circuit board, PCB, and wherein the
dipole arms (2) are disposed in a layer of the PCB,
and the parasitic arms (6) are disposed in another
layer of the same PCB.

The radiating element according to claim 1 or 2,
wherein the support structure (4) comprises or is an
molded interconnected device, MID, wherein the di-
pole arms (2) are formed by a first metallization on
the MID and the parasitic arms are formed by a sec-
ond metallization on the MID, wherein the first met-
allization and the second metallization are opposite
to each other.

The radiating element according to claim 1 or 2,
wherein the dipole arms (2) are formed by a first set
of metal sheets and the parasitic arms (6) are formed
by a second set of metal sheets arranged in the dis-
tance to the first set of metal sheets.

The radiating element according to any of the previ-
ous claims, wherein the parasitic arms (6) are float-

ing.

The radiating element according to any of the previ-
ous claims comprising one or more additional para-
sitic elements outside the area of the dipole arms (2)
and galvanically isolated from the at least two para-
sitic arms (6), wherein the additional parasitic ele-
ments (44) are arranged in the first, the second or
any other layer of the radiating element.

The radiating element according to any of the previ-
ous claims wherein the at least two parasitic arms
(6) each includes a solid area of conductive material.

Theradiating element of any previous claim, wherein
the support structure comprises a distance holder
with a foot for connecting to a reflector (30) of the
base station antenna, wherein the distance holder
is configured to hold the dipole arms (2) and the par-
asitic arms (6) at a further predefined distance from
the reflector.

The radiating element of any of the previous claims
wherein the distance holder comprises oris a printed
circuitboard, PCB, perpendicular to the first and sec-
ond layers of the radiating element, wherein the PCB
comprises a balun (12) and a microstrip line (10),
whereas the balun (12) is configured to galvanically
connect each of the arms of the at least one pair of
dipole arms (2) to ground and whereas the microstrip
line is configured to feed the atleast one pair of dipole
arms (2).

The radiating element according to any of the pre-

10

15

20

25

30

35

40

45

50

55

ceding claims, wherein the operating frequency
band is in a range from 1.4 GHz to 2.7 Ghz.

12. A dual band radiating arrangement of at least first

and second radiating elements (20), the first radiat-
ing element according to any of the previous claims
having an operating frequency band and the second
radiating element (20) having an operating frequen-
cy band lower than the operating frequency band of
the first radiating element, wherein the first radiating
element is arranged inside the second radiating el-
ement (20).

13. A base station antenna comprising:

a reflector (30);

at least a radiating element of any of the claims
1 to 11 and/or a dual band radiating element
according to claim 12;

wherein the radiating element and/or dual band
radiating element is arranged before the reflec-
tor (30) so that the dipole arms (2) and the par-
asitic arms (6) are arranged at predefined dis-
tances to the reflector (30).
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