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Abstract: A linear endfire wideband series fed double-dipole antenna
array with low sidelobe level, SLL, and high front to back ratio, F/B,
is proposed. The array can provide —27dB SLL at centre frequency
of 16.26 GHz, 20dB SLL bandwidth of 9.2%, 22dB F/B and 14.6%
impedance bandwidth. By extending, in between the array elements,
comb like linear tapered narrow strips from the finite ground plane of
the structure, SLL of the basic array improves to —32 dB, the 20dB SLL
bandwidth become 12.1% while the F/B and impedance bandwidth
remains the same as before. To verify the accuracy of the simulation
results, both of the arrays are fabricated and tested.
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1 Introduction

Light weight, small size, low cost, high efficiency, ease of fabrication and
installation make printed antenna arrays ideal solution for use in radar mi-
crowave and millimeter systems [1].

In radar systems parameters such as sidelobe level, SLL, front to back ra-
tio, F/B, [1] and bandwidth are of high importance. Depending on the radar
system SLL in between —20 to —50 dB is usually required. With conventional
printed antennas, realization of arrays with lower SLL than —25dB becomes
increasingly difficult mainly due to: mutual coupling between radiating ele-
ments; surface wave effect; parasitic radiation from a feeding network; and
tolerances in fabrication [1].

There are usually two types of arrays in microstrip structures, the cor-
porate fed and the series fed both of which are inherently narrow in band-
width. The discontinuities, bends, power dividers, and other components in
the corporate fed array cause spurious radiation that limits the minimum
SLL achievable [1]. The structure of a series fed array is such that it uses
shorter line length in comparison with corporate fed arrays and this leads to
an antenna with less space on substrate, lower attenuation loss and spurious
radiation from feed lines [2].

In order to reduce the SLL in broadside printed antenna arrays several ap-
proaches have been proposed. Among which are use of: coaxial probes along
with phase shifters to reduce SLL to almost —35dB [1]; feed network behind
the ground and connected to the antenna via pins [3]; aperture coupled patch
antennas [4]; and a waveguide fed microstrip patch array at 76 GHz [5].

Bandwidth enhancement in patch antenna array is mostly based on stack-
ing patches on top of each other [6], or placing parasitic elements beside the
patch antenna [7]. There is, however, no mention of the SLL performance of
such array structures in these papers.

In low side lobe antenna array any extra components, phase shifters, etc.,
which are placed on the same substrate as the radiating elements cause spu-
rious radiation that deteriorate the SLL dramatically. This problem becomes
even more conspicuous in broad side arrays where the main radiation pattern
and spurious radiation from other components are all at broadside direction.
However, in an end-fire array, the broadside spurious radiations would have
less effect on the end-fire SLL. Among the most widely used end-fire printed
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antennas are tapered slot antennas, TSA [8] and quasi-Yagi antennas [9].

Based on the literature review done by the present authors, most of the
works published on printed end fire antennas are on increasing the band-
width of the single element, and if placed in an array, no mention of SLL are
provided.

Motivated by the aforementioned issues, in this paper a linear series fed
double-dipole antenna array, SDD, is introduced leading to an end-fire fan
beam with low SLL, high F/B and wide impedance bandwidth. Further
improvement in SLL is achieved by introducing linear tapered narrow strips,
comb like, connected to the finite ground plane of the structure, between each
double-dipole antenna elements, referred to as the series-fed double-dipole
antenna array with combed ground plane, SDDC. These antenna arrays are
optimized through the commercial package, HFSS. Both SDD and SDDC
arrays are fabricated and tested and compared with the simulated results.

2 Antenna design

It is well known that printed dual sided double-dipole antennas produce an
end-fire radiation along with a large impedance bandwidth. Also it is known
that a series fed printed antenna array can provide a lower SLL. These two
ideas are the base of this work to design a low SLL and wide bandwidth end
fire antenna array.

The proposed low side lobe antenna array design follows the following
steps: (1) design of a double-dipole antenna element according to some given
specifications, (2) design of the microstrip series-fed feeding network to pro-
vide a tapered amplitude distribution to achieve low SLL, (3) modification to
the structure to further improve the SLL and (4) optimization of the proposed
antenna array for high F/B, low SLL and reasonable bandwidth.

The schematic and parameters of the proposed antenna are shown in
details in Fig. 1. The end fire antenna consists of two dipoles of different
lengths and a finite ground plane which also acts as a reflector. The dipoles
are center-fed by a short pair of parallel strips, and as can be seen from
Fig. 1 (a) there is no complicated balun for matching the driven elements to
the antenna feed line. The width of the parallel strips is set narrow enough
to provide high input impedance, making it well suited for series-fed antenna
array design. The lengths of the long and the short dipoles control the lower
and upper operating frequencies, respectively. The distance between the two
dipoles and the distance between the first dipole and the finite ground plane
control the return loss level between the two main resonances. It should be
noticed that the total impedance bandwidth of the antenna array is limited
by the series-fed feeding network, The Ansoft’s HFSS is used to optimize the
antenna element to achieve high F/B and high input impedance which results
in the following values of the antenna parameters assuming the substrate to
be Rogers RT/duroid 5880 (0.508 mm, &, = 2.2): L = 310 mm; W = 20 mm;
Wy = 1.bmm; Ly = 6.96mm, Wy = 0.35mm; Lg = 5.6mm; Wy =
0.45mm; L; = 1.5mm; ¢t = 1 mm.
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The microstrip series-fed double-dipole antenna array contains 22 similar
elements. The design center frequency is 16.26 GHz. The antenna array
is split in to two linear sub arrays and fed in the middle. This symmetric
arrangement further improves the cross-polarization level of the array and
prevents the beam-pointing direction from varying with frequency. As such,
the cross polar component generated in one side of array is cancelled by
the cross polar component generated in opposite side of array at boresight
direction. In order to get a boresight pattern, the spacing between the feed
points of the array elements must be set at one guided wavelength A4, to
ensure an equal phase between the elements.

Top layer e

L -

¥ top view side view

(k)

Fig. 1. The structure of the proposed series fed (a) dou-
ble-dipole antenna array, (b) double-dipole an-
tenna array with combed ground plane.

The antenna array has been designed for a —35dB SLL through appropri-
ate Chebychev taper distribution. A tapered distribution is readily obtained
using quarter-wavelength transformers along the line.

Two quarter-wave transformers, \;/4, along with a half wave transformer,
Ag/2, are used throughout the first 7 elements on each side of the main feed
source (one Ag/4 has the same characteristic impedance as the A\;/2, which
results in less spurious radiation from such discontinuities). Between elements
7 to 11 four A\;/4 are used (in this way for the last array elements the size
of the feed lines would be physically large enough to be constructed). The
characteristic impedance of the half wave lines are set at 115 ohm while those
of the quarter wave transformers are between 80-125 ohms. The detailed
design considerations for series-fed antenna array are discussed in [10].

Following the design of the single element and the array of such elements,
to further improve the SLL of the array, the finite ground plane can be
modified to include comb like strips in between the array elements, Fig. 1 (b).
Through optimization, it is found that linear tapered narrow strips extended
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from the finite ground plane provide a better SLL than simple narrow strips.
Addition of the comb like strips, affect the surface wave coupling between the
neighboring elements, resulting in a lower SLL. Through optimization for the
lowest SLL, the size of the extended strips are Ls = 11.64mm, Ws = 0.4 mm
and 6 = 99°.

3 Results and discussions

In this section, detailed simulation and experimental results of the proposed
antenna array are presented. Fig. 2(a) shows the simulated as well as the
measured reflection coefficient of the microstrip series-fed double-dipole an-
tenna array, SDD of Fig. 1(a). The results show that this antenna has a
wide impedance bandwidth of approximately 14.6%, ranging from 15.1 to
17.4 GHz for S11 < —10dB. In comparison to the rectangular patch anten-
nas investigated in [1], the impedance bandwidth of the proposed antenna
array is increased more than 5 times. The printed double-dipole antenna
can provide wide impedance bandwidth individually. However, when placed
in the array the total achievable impedance bandwidth would be limited by
the feeding network. The longitudinal feed line along with each dipole may
act as two quarter-wavelength monopole antennas. The finite substrate and
the ground plane also may interfere with the antenna resonances and change
their locations, and may produce extra resonances. By tuning the antenna
parameters the reflection coefficient between the resonances is reduced and
as a result wider bandwidth is obtained.

Fig. 2 (b) shows the simulated as well as the measured reflection coeffi-
cient of the microstrip series-fed double-dipole antenna array with combed
ground plane, SDDC of Fig. 1(b). The results show that the addition of
the linear tapered narrow strips connected to the ground plane does not af-
fect the bandwidth of the array much. However, the comb has improved the
impedance matching of the proposed antenna array, as stated earlier.

Fig. 3(a) shows the simulated and measured (z-y) and (z-x) plane co
polar and cross polar radiation pattern of the SDD antenna array. The pat-
terns show that the proposed endfire antenna has —27 dB SLL at the centre
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Fig. 2. The reflection coefficient of the (a) series fed
double-dipole antenna array, (b) series fed double-
dipole antenna array with combed ground plane.
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frequency and the 20dB SLL bandwidth of 9.2%. The proposed antenna
has 22dB of F/B level. At the beam peak, the antenna has maximum co-
polarization gain of 15.5dBi at endfire direction. The cross polar level of the
array is quite low, being —30dB in the (z-y) plane and —25dB in the (z-x)
plane.

Fig. 3(b) shows the simulated and measured (z-y) and (z-x) plane co
polar and cross polar radiation pattern of the SDDC antenna array. The
patterns show —32dB SLL at the centre frequency, a 3dB SLL bandwidth of
3.1% and a 20 dB SLL bandwidth of 12.1%. This shows that addition of the
linear tapered narrow strips results in some 5dB improvement in the SLL at
the centre frequency of the antenna array. The 20dB SLL bandwidth has
also improved by some 2.9%. It is worth mentioning that if simple narrow
strips were used in placed of the linear tapered narrow strips the SLL would be
degraded by 2dB. The F/B level of the SSDC antenna has not changed much
compared to the SDD antenna array while its gain has reduced by 0.15dB
due to the conductor losses in the extended strips of the ground plane. The
cross polar level of the SDDC in the (z-x) plane is less than —15dB and in
the (z-y) plane is less than —25dB. The cross polar has increased due to the
current along the strips which are orthogonal to the dipoles.

Fig. 3(c) presents the radiation pattern of the SDDC antenna array at
three different frequencies, showing that the pattern is almost uniform over
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Fig. 3. The radiation pattern of (a) The SDD antenna
array 16.26 GHz, (b) the SDDC antenna array at
16.26 GHz and (c) SDDC array at three different
frequencies.
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the bandwidth.

4 Conclusion

The design of a linear endfire series fed double-dipole antenna array with
low SLL, high F/B, and wide impedance bandwidth has been given. The
array has 14.6% impedance bandwidth, 22dB F/B and —27dB SLL. By
introducing comb like linear tapered narrow strips from the ground plane, in
between the elements of the antenna array structure, —32dB SLL which is
some 5 dB improvements as compared to the basic array structure is obtained.
Simulated and measured results on both of the arrays show a good agreement.
The proposed array antenna is suitable for low SLL radar applications.
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