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Description

[0001] This invention relates to a dipole antenna array,
with particular reference to dipole antenna arrays which
include a variety of antenna units which themselves in-
clude a pair of dipole radiating elements and a balun.
[0002] The use of the Highly-Coupled Dipole (HCD) as
a radiating element for multi-function array antennas
promises a great deal in terms of bandwidth and polari-
sation properties. However, to provide a practical imple-
mentation, it would be desirable to improve upon the cur-
rent complexity of construction. Furthermore, it is desir-
able to provide an array which can operate over a wide
frequency range.
[0003] The present invention, in at least some of its
embodiments, addresses one or more of the above de-
scribed problems and desires.
[0004] According to the invention there is provided a
dipole antenna array including at least one dipole anten-
na sub-array, wherein the dipole antenna sub-array in-
cludes a plurality of co-planar antenna units, each anten-
na unit including a pair of dipole radiating elements and
a balun having an input line for providing output electrical
signals to the pair of dipole radiating elements.
[0005] In some embodiments, adjacent co-planar an-
tenna units have adjacent dipole radiating elements
which are spaced apart.
[0006] In other embodiments, adjacent co-planar an-
tenna units have adjacent dipole radiating elements
which overlap.
[0007] Typically, each dipole antenna sub-array is a
monolithic structure, ie, a co-planar, plank style arrange-
ment such as a board. Typically the pair of dipole antenna
radiating elements is supported at the monolithic struc-
ture so as to be co-planar (or at least parallel) with a plane
defined by the monolithic structure.
[0008] The dipole antenna sub-array may have a first
face and a second face. At least two consecutive antenna
units may each have a dipole radiating element on both
the first and second faces. Typically, in these embodi-
ments, all of the antenna units in the dipole sub-array
have a dipole radiating element on both the first and sec-
ond faces. In some embodiments, the consecutive an-
tenna units are arranged so that a dipole radiating ele-
ment on the first face of one of said consecutive antenna
units is adjacent a dipole radiating element on the second
face of the next one of said consecutive antenna units.
Advantageously, the consecutive antenna units are ar-
ranged so that a dipole radiating element on the first face
of one of said consecutive antenna units overlaps the
adjacent dipole radiating element on the second face of
the next one of said consecutive antenna units. In this
way, an arrangement can be provided in which adjacent
co-planar antenna units have adjacent dipole radiating
elements which overlap.
[0009] A dipole antenna array may further include a
ground plane having at least one slot form therein, where-
in a dipole antenna sub-array extends through the slot.

A linearly polarised dipole antenna array may be provided
which includes a plurality of dipole antenna sub-arrays,
in which the ground plane includes a plurality of parallel
slots formed therein, and the dipole antenna sub-arrays
extend through the slots so that the dipole antenna sub-
arrays are in a parallel arrangement.
[0010] In some embodiments, a dual polarised dipole
antenna array is provided which includes at least first and
second dipole antenna sub-arrays which are in a mutually
orthogonal arrangement. The first and second dipole an-
tenna sub-arrays may be separate elements which are
conjoined together in a mutually orthogonal arrange-
ment. A first and second dipole antenna sub-array may
be slotted together in the mutually orthogonal arrange-
ment using a plurality of slots formed in at least one of
the first and second dipole antenna sub-arrays. Prefer-
ably, slots are formed in both of the first and second dipole
antenna sub-arrays for this purpose. In some embodi-
ments, the first dipole antenna sub-array has slots formed
therein, in which each slot extends between the dipole
radiating elements of an antenna unit. Preferably, each
antenna unit which has a slot extending between its di-
pole radiating elements has its balun arranged so that at
least the output line is inclined with respect to the slot.
With these arrangements it is relatively easy to provide
substantially equal path lengths for the output lines lead-
ing to each dipole radiating element.
[0011] Typically, the baluns each include a slotline
which is coupled to an input line and the output line. In
some embodiments, the baluns further include: an input
port for receiving the input electrical signal, a first output
port and a second output port; wherein the output line
has a junction with a slotline;
in which: the input line couples the input electrical signal
to the slotline; the slotline couples the input electrical sig-
nal to the junction, the junction acting as a divider to pro-
duce first and second output electrical signals; and the
output line couples the first and second output electrical
signals to, respectively, the first output port and the sec-
ond output port. Baluns of this type are known from US
2005/0105637, Bialkowski & Abbosh (ME Bialkowski and
AM Abbosh, IEEE Microwave and Wireless Components
Letters, Vol. 17, No. 4, April 2007), and our UK patent
applications numbers GB1210817.1 and GB1210816.3,
the contents of all of which are herein incorporated by
reference. It is known from these documents how to im-
plement baluns using microwave techniques involving
microstrips and slotlines. Features such as open circuit
or short circuit terminations may be incorporated into the
baluns as is known in the art.
[0012] Typically, at least one of the input line and the
output line is a microstrip or a stripline. Preferably, both
of the input line and the output line are microstrips or
striplines.
[0013] Advantageously, the dipole antenna array is in
the form of a printed circuit board (PCB). The dipole an-
tenna array may be in the form of a microwave laminate
structure.
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[0014] The dipole antenna sub-arrays may have a plu-
rality of plated through holes (vias) formed therein. The
vias are disposed so as to suppress parallel plate modes,
typically parallel plate modes that can be excited between
the two ground plane layers of the stripline.
[0015] The dipole radiating elements can be of any
suitable design. In some embodiments, the dipole radi-
ating elements are of a bow tie arrangement.
[0016] Whilst the invention has been described above,
it extends to any inventive combination or sub-combina-
tion of the features set out above, or in the following de-
scription, drawings or claims.
[0017] Embodiments of dipole antenna arrays in ac-
cordance with the invention will now be described with
reference to the accompanying drawings, in which:-

Figure 1 shows (a) a front view of a dipole antenna
sub-array and (b) a perspective view of a dual-po-
larised dipole antenna array;

Figure 2 is a perspective view of a dipole antenna
sub-array;

Figure 3 is a perspective view of a linearly polarised
dipole antenna array with a ground plane;

Figure 4 shows (a) a first dipole antenna sub-array
and (b) a second dipole antenna sub-array for use
in a dual-polarised antenna array; and

Figure 5 shows design parameters for radiating el-
ements.

[0018] Figure 1 (a) shows an antenna array, depicted
generally at 10, which includes a plurality of co-planar
antenna units 12. Each antenna unit 12 includes a pair
of dipole radiating elements 14(a), 14(b) which are of the
bow tie type. Each antenna unit 12 further comprises a
balun 16. The design of the balun can be of any conven-
ient type. In the example shown in Figure 1(a) the balun
has a slotline 16(a) which is in communication with an
input line 16(b) and an output line. The output line com-
prises first and second output arms 16(c), 16(d). Each
output arm 16(c), 16(d) has an output port which is in
direct communication with one of the pair of dipole radi-
ating elements 14(a), 14(b). Conveniently, the antenna
sub-array 10 is manufactured using a microwave lami-
nate structure which houses all of the antenna units 12.
These structures can comprise a conductive central track
layer sandwiched between two dielectric layers. Conduc-
tive layers such as copper layers may be present on the
outside of the dielectric layers. In Figure 1(a) areas shown
in solid white represent a substrate/laminate area with
all copper removed, and areas in solid black represent
stripline/track layer areas located at the centre of the lam-
inate structure. The hash pattern denotes copper stripline
ground plane layers on both faces of the laminate struc-
ture. In general, constructional techniques known to pro-

duce tapered slot antenna arrays can be used or adapted
to construct linearly or dual-polarised dipole antenna ar-
rays of the invention.
[0019] Figure 2 shows a gang-buster style arrange-
ment 20 for a dipole antenna sub-array. The dipole an-
tenna sub-array 20 comprises individual antenna units
22. For ease of reference, the baluns associated with
each of the antenna units 22 are not shown in Figure 2.
Each antenna unit 22 includes dipole arms 24. In the
embodiment shown in Figure 2 the dipole arms are
placed on the exterior ground plane layers. Plated
through holes 26 are provided to connect the dipole arms
24 to the stripline track (not shown) in the centre of the
board/laminate triplate. By placing one dipole arm of an
antenna unit on one side of the laminate and the other
dipole arm on the opposite side, a gang-buster style ar-
rangement can be achieved. This allows the dipole arms
to be longer than the spacing of the antenna units, po-
tentially offering benefits in terms of operating bandwidth.
In another embodiment, the dipole arms are placed on
all three layers in the triplate laminate, with connections
being made by plated through holes. This may improve
bandwidth. Another option still is to position the dipole
arms on the central track layer, thereby avoiding the need
to use plated through holes.
[0020] Figure 3 shows a linearly polarised dipole an-
tenna array 30 which comprises a ground plane 32 having
a plurality of slots 34 formed therein. An antenna sub-
array 36 protrudes through each of the slots 34.
[0021] Figure 1(b) shows a dual-polarised dipole an-
tenna array, depicted generally at 11. The dual-dipole
polarised antenna array 11 comprises an arrangement
of a first group of dipole antenna sub-arrays 13 and a
second group of dipole antenna sub-arrays 15. The di-
pole antenna sub-arrays 13, 15 each have a plurality of
antenna units which have associated dipole arms. The
first and second groups of dipole antenna sub-arrays are
disposed in an orthogonal arrangement. The intersection
of the orthogonal sub-arrays 13, 15 occurs at the centre
of the radiating elements, maintaining co-incident phase
centres for the two polarisations. This requires that the
baluns of the antenna units are displaced laterally by half
of an element spacing in order to avoid orthogonal boards
dissecting the balun. The antenna array further compris-
es a ground plane 17. Figure 4 shows in more detail suit-
able antenna sub-array arrangements. Figure 4(a)
shows the first dipole antenna sub-array 40 which in-
cludes a plurality of co-planar antenna units 42. Each
antenna unit 42 includes a pair of dipole radiating ele-
ments 44(a), 44(b) which are of the bow tie type. Each
antenna unit 42 further comprises a balun 46. The main
elements of the baluns 46 are similar to the baluns 16
depicted in Figure 1 in that each balun has a slotline 46(a)
which is in communication with an input line 46(b) and
an output line. The output line comprises first and second
output arms 46(c), 46(d), each output arm 46(c), 46(d)
having an output port which is in direct communication
with one of the pair of dipole radiating elements 44(a),

3 4 



EP 2 760 080 A1

5

5

10

15

20

25

30

35

40

45

50

55

44(b). The antenna units 42 each further comprise a slot
48, which extends into the antenna unit from the lower
portion of the sub-array. The output section of the baluns
46 are each inclined with respect to the slot 48. In par-
ticular, the output arms 46(c), 46(d) and an upper section
of the slotline 46(a) are inclined in this way. This makes
it easier to maintain equal path lengths for the output
arms 46(c), 46(d) between the baluns 46 and the two
dipole radiating elements 44(a), 44(b).
[0022] Figure 4(b) shows a second dipole antenna sub-
array 50. The second dipole antenna sub-array 50 shares
many common elements with the first dipole antenna
sub-array 40, and identical numerals are used to denote
such shared elements. The principal difference is that
the dipole antenna sub-array 50 has slots 52 which ex-
tend into each antenna unit 42 from the top portion of the
dipole antenna sub-array 50, the slots 52 extending be-
tween the dipole radiating elements 44(a), 44(b) of each
antenna unit 42. A dipole antenna array can be construct-
ed by slotting dipole antenna sub-arrays 40, 50 together
in an orthogonal arrangement.
[0023] Figure 5 shows the primary design parameters
identified for the radiating element based on the Figure
1(b) arrangement in which the dipole radiating elements
remain on the track layer. A bow-tie dipole radiating el-
ement shape has been assumed, although a small value
Ddipole would essentially give a standard dipole element.
Here Wdipole is less than Wunit_cell but for an arrangement
in which a radiating element is on the outside of a triplate
laminate Wdipole would be greater than Wunit_cell. It is pos-
sible that shapes other than bow-tie shape for the dipole
element may be more suitable in the arrangement in
which the dipole elements are on the outside of a triplate
laminate. Typically, Hdipole is λmax/10 and Wunit_cell is
λmin/2, where the radiating element is operating in an
array environment. The parameters Wcavity and Hcavity
indicate an area of the triplate laminate that can optionally
be removed between the dipole arms and the ground
plane. Dipole antenna arrays of the type described herein
are believed to be capable of operating over a 4:1 fre-
quency range. With examples corresponding to the Fig-
ure 1(b) arrangement operation at a lower, frequency of
approximately 2.5GHz and an upper frequency of ap-
proximately 13GHz is possible.

Claims

1. A dipole antenna array including at least one dipole
antenna sub-array, wherein the dipole antenna sub-
array includes a plurality of co-planar antenna units,
each antenna unit including a pair of dipole radiating
elements and a balun having an output line for pro-
viding output electrical signals to the pair of dipole
radiating elements.

2. A dipole antenna array according to Claim 1 in which
the dipole antenna sub-array has a first face and a

second face, and at least two consecutive antenna
units each having a dipole radiating element on both
the first and second faces.

3. A dipole antenna array according to Claim 2 in which
consecutive antenna units are arranged so that a
dipole radiating element on the first face of one of
said consecutive antenna units is adjacent a dipole
radiating element on the second face of the next one
of said consecutive antenna units.

4. A dipole antenna array according to Claim 3 in which
the consecutive antenna units are arranged so that
a dipole radiating element on the first face of one of
said consecutive antenna units overlaps the adja-
cent dipole radiating element on the second face of
the next one of said consecutive antenna units.

5. A dipole antenna array according to any previous
Claim further including a ground plane having at least
one slot formed therein, wherein a dipole antenna
sub-array extends through the slot.

6. A linearly polarised dipole antenna array according
to Claim 5 including a plurality of dipole antenna sub-
arrays in which the ground plane includes a plurality
of parallel slots formed therein, and the dipole an-
tenna sub-arrays extend through the slots so that
the dipole antenna sub-arrays are in a parallel ar-
rangement.

7. A dual polarised dipole antenna array according to
any one of Claims 1 to 4 including at least first and
second dipole antenna sub-arrays which are in a mu-
tually orthogonal arrangement.

8. A dipole antenna array according to Claim 7 in which
the first and second dipole antenna sub-arrays are
separate elements conjoined together in the mutu-
ally orthogonal arrangement.

9. A dipole antenna array according to Claim 8 in which
the first and second dipole antenna sub-arrays are
slotted together in the mutually orthogonal arrange-
ment using a plurality of slots formed in at least one
of the first and second dipole antenna sub-arrays.

10. A dipole antenna array according to Claim 9 in which
the first dipole antenna sub-array has slots formed
therein, in which each slot extends between the di-
pole radiating elements of an antenna unit.

11. A dipole antenna array according to Claim 10 in
which each antenna unit which has a slot extending
between its dipole radiating elements has its balun
arranged so that at least the output line is inclined
with respect to the slot.
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12. A dipole antenna array according to any previous
Claim in which the baluns each include a slotline
which is coupled to an input line and the outline line.

13. A dipole antenna array according to any previous
Claim in which at least one of the input line and the
output line is a microstrip or a stripline.

14. A dipole antenna array according to any previous
Claim in the form of a printed circuit board (PCB).

15. A dipole antenna array according to Claim 14 in the
form of a microwave laminate structure.
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