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Dual-band substrate integrated waveguide dual-dumbbell-shaped-

slot-fed patch antenna
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Abstract A dual-band low-profile substrate integrated waveguide (SIW)
dual-dumbbell-shaped-slot-fed (DDSSF) patch antenna is presented in this
letter. The antenna is designed using the dual-dumbbell-slot feeding
structure in SIW and two patches to radiate. And it achieves two passbands
by exciting two modes of dual dumbbell-shaped slots (DDSSs). The first
impedance bandwidth is 4.1%, the second one is 10.0% and gains up to
6.7dBi and 7.4dBi, respectively. Furthermore, the two bands can be
separated from each other and the cross-polarization level is below
—30dB. The simulation and measurement results of the proposed antenna
are in good agreements.
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slot, substrate integrated waveguide (SIW)
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1. Introduction

The growing of modern wireless communications have
presented continue demands for wide bandwidth, small
size and good radiation patterns antennas. Therefore, com-
pared with microstrip antennas [1, 2, 3,4, 5,6, 7, 8,9, 10,
11, 12, 13, 14, 15], due to the high quality factor, small
radiation loss, light weight and easy integration, the design
of antennas using substrate integrated waveguide (SIW)
[16, 17, 18, 19, 20, 21, 22, 23, 24, 25] has been popular
recently as a planar and integrated form of waveguide. But
it also has shortcomings, especially the bandwidths may be
narrow [22, 23] and the cross-polarization level is high [24,
25] because of the single feeding way. So, in these years, it
is used to fed patch antenna as an approach of highly
efficient driving method [26, 27, 28, 29, 30]. As a result,
SIW series-fed or multi-layer SIWs are presented to excite
the patch antenna. In [26], a LTCC SIW-fed-dipole array
antenna is designed, but the cross-polarization level is low
and it costs much. Then, several single band antennas fed
by SIW are introduced in [27, 28, 29]. However, they have
limited scope of applications and average cross-polariza-
tion level. A SIW-slot-fed thin beam-squint-free cavity
antenna is designed in [30]. Though it has two passbands,
the fractional bandwidth (FBW) is low.

In this paper, a novel dual-broad-band SIW patch
antenna with dual-dumbbell-slot-fed is proposed and de-
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signed. By using the characteristic of two modes of the
dual dumbbell-shaped slots (DDSSs) that is vertical to each
other, it achieves not only two broad passbands that the first
passband can be separated from the second band, but also
improved cross-polarization performance in the whole im-
pedance bandwidth. DDSSs is etched on the middle metal
layer to excite the patches. For study the feature of the
antenna, main parameter studies are put forward by simu-
lations. Finally, a prototype is fabricated and measured.
The measured results are in good agreements with the
simulation ones.

2. The structure and design of the proposed antenna

2.1 DDSSF patch antenna

The 3-D view and top view of proposed SIW fed patch
antenna are shown in Fig. 1 and the dimensions are shown
in Table I. All parts of the antenna are fabricated using
low-cost printed circuit board (PCB) process. It contains
two dielectric substrate layers with the overall dimensions
of 26 * 20mm? (0.571¢ * 0.441y) and three metal layers
where A refers to the free space wavelength at the lower
frequency (6.65GHz). The top layer is to radiate and
corresponding to the dumbbell-shaped slots of the middle
layer SIW feeding structure. The DDSSs is etched on the
middle metal layer, which is fed by a probe. By changing
the positions of the probe, the fundamental mode and other
high order modes can be generated. Besides, in order to
improve the performance of the first band, two matching
vias are added.
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Fig. 1. The structure of the antenna. (a) 3-D view (b) top view
(W=26mm, L=20mm, W, =58mm, L; =12mm, W, = 1lmm,
Ly =144mm, W;=5mm, L3=3mm, W;=45mm, L;=6mm,
Gi=1mm, G, =15mm, S=1mm, §; = 12mm, S, = 8.5mm, S3 =
4mm, S4 = 3mm, D = 0.6mm, D; = 1.2mm, D, = 3 mm)
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Fig. 2. Electric field density (a) on the middle metal layer at 6.65 GHz,
(b) on the patches at 6.65 GHz, (c) on the middle metal layer at 11 GHz,
(d) on the patches at 11 GHz

2.2 Parameter study

The electric field distributions at two frequencies are shown
in Fig. 2. In Fig. 2(a)—(b), the lower frequency is ascribed
to the resonance of the gap slots (denoted as gap mode).
The electric field distributions are significantly distributed
on left and right sides of the gap slots at 6.65 GHz and
radiate from the long sides of the patches. The higher
frequency is generated by the resonance of the lattice slots
(denoted as lattice mode) in Fig. 2(c)—(d). The electric field
distributed on up and down sides of the rectangular lattices
at 11 GHz and radiate from the short sides. By using the
gap mode and the lattice mode that is vertical to each other,
it generates dual band and the bands are independent to
each other as well.
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Fig. 3. Simulated S;; of different parameters (a) with various W5,
(b) with various L,, (c) with various G, and (d) with various Wj.

To demonstrate the model analysis, studies on critical
parameters are performed and discussed.

The first passband consists of one transmission pole
(p1), and the second passband contains three transmission
poles, p>, p; and p4, respectively. Here, in Fig. 3(a), an
increase in parameter #, from 10mm to 11.8 mm will
make the ps; and py4 shift to lower frequencies, while the
p1 and p, stays unchanged. It is found in Fig. 3(b) that the
> showed the most noticeable decreasing while p; and py
are almost unchanged as the L, changes from 12.2 mm to
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14.4 mm. The variation of W, and G, can also be observed
in Fig. 3(c) and (d). As G, shifts from 1.2 mm to 2 mm, the
second band increases, in the meantime, p; remains the
same. Likewise, the 7, can also make the second band
move to higher frequencies.

In conclusion, Fig. 3 shows the effects of the sizes of the
slots and patches at two bands. The higher band shifts when
the parameters change while the lower band is not affected.
The parameter studies agree with the mode analysis.

3. Simulation and measurement results

The prototype antenna was fabricated and measured in
Fig. 4. RT/duroid5880 with ¢, = 2.2, tand = 0.0009 and
thickness # = 1.575 mm is used for the design. It is shown
that the measured results are in excellent agreement with
the simulated ones. The measured and the simulated im-
pedance bandwidths are 4.1% (6.74 GHz—6.83 GHz) and
10.0% (10.44 GHz-11.65 GHz) respectively. The simulated
and measured peak gains in two operation bands and the
test scenarios are shown in Fig. 5. And the simulated and
measured peak gains are 6.7 dBi at 6.65 GHz and 7.4 dBi at
11 GHz respectively.
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Fig. 4. (a) Simulated and measured S;; and gain of the proposed
antenna, (b) photograph of the fabricated the proposed antenna.
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Fig. 5. The simulated and measured gains and test scenarios.

Radiation performances of the proposed antenna have
been measured as shown in Fig. 6. It can be seen that the
antenna resulted in wide beam and highly symmetric
radiation profile in both the E and H planes. There is a
good agreement between simulated and measured results.
Furthermore, the measured cross-polarization level is be-
low —30dB and —35dB in E-plane and H-plane in the
operating band, respectively. Table I lists the main per-
formance comparison of our work and other published
antenna elements. From the table, the proposed antenna
has a better performance by providing wide impedance
bandwidth, high cross-polarization level compared with
other antennas.
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Table I. Comparison with previously reported antennas

Reference frequir?g;r?GHz) ()_OS::ZZU) Type Layers F_Bi??/ CEOBA)) >(<(;1]33<;1
Ref [24] 60 -na aperture-coupled patch antenna single-layer 1.8% =20
Ref [25] 7.65 0.7 % 0.6 cavity-backed slot antenna single-layer 3.26% —-15
Ref [26] 28 0.82 % 0.6 SIW-fed dipole antenna double-layer 8.5% =25
Ref [28] 10 -na SIW-fed loop antenna double-layer 4.1% 21

Ref [29] 31 0.93%0.93 SIW-fed planar antenna double-layer 52% =22
This work 11 0.57 % 0.44 SIW-fed patch antenna double-layer 10.0% =30
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Fig. 6. Simulated and measured radiation patterns of the proposed
antenna (a) at 6.65 GHz in E-plane, (b) at 6.65 GHz in H-plane, (c) at
11 GHz in E-plane, (d) at 11 GHz in H-plane.

4. Conclusion

In this paper, a novel dual-wide-band SIW DDSSF patch
antenna is designed, fabricated and measured. The dual
broad band is achieved by two SIW modes, and the two
bands are independent of each other. The bandwidth of
the second band can be changed by changing the sizes of
the slots and patches while the first band stays unchanged.
And the two orthogonal modes of DDSSs improve the
cross-polarization level at the whole impedance bandwidth.
Besides, the proposed antenna still keeps many advantages
such as light weight, low fabrication cost and easy to
integrate with planar circuits.
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