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Abstract — Herein, substrate integrated waveguide
technology is applied in order to design high
performance dual-band microstrip patch antennas. Two
microstrip patch antenna designs were studied and
modeled in 3D electromagnetic simulators. The obtained
optimal models were then realized and measured. The
measurement performance of the proposed antenna
designs were then measured for 2.4 and 5.6 GHz. The
results suggest that the proposed model consisting of a
modified microstrip cavity-backed antenna and a defected
ground structure is a high performance and low cost
solution for 2.4 and 5.6 GHz applications.

Index Terms — Antenna design, defected ground
structure, dual band, cavity-backed antenna, Substrate
integrated waveguide.

I. INTRODUCTION

Waveguides are metallic transmission lines that are
used at microwave frequencies, typically to interconnect
transmitters and receivers with antennas. Waveguides
are better mediums for delivering low-loss signal
transmission as compared to microstrip transmission
lines. However, traditional rectangular waveguides are
expensive and are considerably large in size. Substrate
integrated waveguide (SIW) is a technology that provides
the performance advantages of classic waveguide
structures, along with the cost and size benefits of
planar PCB designs [1]. The brilliant virtue of SIW is
its ability to integrate all the components such as active
and passive elements, antennas etc., on the same PCB
board. SIW also acts as a low-loss feeding network
which enhances the performance of antenna design.
There has been increasing interest in implementing
SIW technology in active circuits and complete systems
including active integrated antennas [2-8]. In Fig. 1 (a),
a basic SIW structure is presented. SIW technology is
essentially a hybrid of microstrip and dielectric-filled
waveguide technologies. Surface and ground metal
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layers of a PCB substrate provide two of the waveguide
walls. Two parallel rows of vias form the side walls of
the waveguide.

One of the most commonly used circuit stages in
PCB board technology is microstrip antennas that have
a wide range of applications. These stages are preferred
because of their simple designs. By employing SIW
technology, it is possible to enhance the many
advantages of microstrip antennas such as low cost,
smaller size, easy integration of antenna stages to
circuit etc. Antennas designed with SIW technology
have excellent performance because they suppress the
propagation of surface waves, increase the bandwidth,
and decrease both end-fire radiation and cross-
polarization radiation. The cavity-backed structure of
the antenna design can also overcome hitches like heat
dissipation and unwanted surface wave modes.
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Fig.1. Schematic of: (a) SIW and (b) DGS structure.
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Employment of defected ground structures (DGS)
has been suggested in order to enhance the performance
characteristics of microstrip microwave circuits. DGS
are realized by defecting a ground plane on a PCB
board with special shapes so as to disturb the shielded
current distribution and effect the input impedance,
with respect to the shape and its dimension (Fig. 1 (b))
[9]. The positions and lengths of the dumbbell sections
control the response and insertion loss attenuation
of the design. DGS increases the effective values of
dielectric constant of substrates (gefr).

In the research conducted, by designing and
realization of a dual band microstrip patch antenna
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designs had been studied by using DGS and SIW
technology. A few modifications were done to the
design given in [10] such as splitting the back part of
the cavity in order to open the feeding network from the
rear and the dumbbell-shaped DGS structures so as to
enhance the gain and reflection performances of the
models and then applied to antenna designs suitable for
2.4 and 5.6 GHz RF applications. The proposed antennas
are prototyped over Rogers 4350 (dielectric constant 3.66,
thickness 1.52 mm). In Section Il a brief explanation
about the design procedure and its parameters is given.
Section Il presents the simulation and measurement
performances of the proposed SIW antenna designs.
Finally the last Section presents the conclusions reached.

I1. DESIGN OF DUAL BAND SIW ANTENNA

In [10], a SIW cavity-backed patch antenna design
for X band applications is presented. In this study, the
design suggested in [10] is tuned by using Egs. 1-3
[11] to operate at 2.4 and 5.6 GHz bands. The design
schematic and parameters of the design are presented in
Fig. 2 and Table 1;
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Fig. 2.(a) Top and (b) bottom schematic of SIW antenna.

By placing vias in the edge of the patch area it is
possible to create waveguide walls for the SIW design.
By using this method it is possible to enhance the
reflection coefficient (S11) characteristics of the antenna
design; this can be observed from Fig. 3 where the SIW
structure has reduced the reflection of the model to
-15 dB. The top layer of design consists of a microstrip
patch antenna aimed to operate in ISM band applications.
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All the antenna models in this work are designed and
simulated in the CST 3D simulation environment. The
dimension values given in Table 1 are obtained through
trial and error and optimization toolbox of CST for
obtaining the best realizable design parameters and
performance in 2.4 & 5.6 GHz bandwidths.
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Fig. 3. Simulated reflection coefficient characteristic of
antenna design with and without SIW.

Table 1: The dimension values of SIW antenna

Widths (mm) Lengths (mm)
Wi 23.5 151 41.4
W, 9.4 L2 10.5
W3 1.9 L3 1.8
W, 3.1 Ls 6
Ws 37.1 L5 25
W 3.15 Le 30.3

Via diameter 0.6

Figure 4 shows the manufactured SIW antenna. A
few modifications were done after the manufacturing so
as to enhance the performance of the proposed antenna.

(b)

Fig. 4. Top view of the manufactured SIW antenna: (a)
top layer and (b) bottom layer.

The schematic view and the parameters of the
modified SIW antenna are given in Fig. 6 and Table 2.
The rear part of the cavity is split in two sections in
order to open the feeding network from behind and
configure the reflection coefficient characteristic of
the antenna so that the resonance at 5 GHz shifted to
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5.6 GHz. The effect of gap on the cavity back (wo) to
the reflection performance of design can be seen from
Fig. 5. The positions and lengths of the dumbbell sections
control the response and insertion loss attenuation of
the design.
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Fig. 5. The effect of gap on the cavity back (wo) to the
reflection characteristic.
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Fig. 6. Schematic of modified SIW antenna.

The two defected areas (ws, Is) are added to the top
layer, thus achieving a higher radiation efficiency at
5.6 GHz. The DGS will affect the disturbance at the
shielded current distribution which, in turn, will influence

ACES JOURNAL, Vol. 32, No. 11, November 2017

the input impedance of the design. In the next section,
the experimental and simulation results of both SIW
antenna designs are presented.

Table 2: The dimension values of modified SIW
antenna

Widths (mm) Lengths (mm)
Wi 23.5 131 414
W, 9.4 &) 10.5
W3 1.9 {3 1.8
W, 3.1 L4 6
Ws 15 s 25
We 7 Le 30.3
W+ 37.1 7 25
W 3.15 g 3
W 3 Lo 0.3
Wiy 1 L10 6.57
Wiy 3.2 Via diameter 1

I11. SIMULATION AND MEASUREMENTS
In this section, the measurement results of the
prototyped designs given in Fig. 7 are compared with
the simulated results.

(b)

Fig. 7. Top view of the manufactured modified SIW
antenna: (a) top layer and (b) bottom layer.

Both, the simulation as well as measurement results
of the reflection performance of the manufactured
antennas are given in Fig. 8.
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Fig. 8. Simulated and measurement reflection

performance.



The maximum far field gain of the proposed SIW
antennas is measured using the measurement setup
shown in Fig. 9. By using two identical antennas given
in [12], the far field gain and radiation pattern results of
the proposed antennas are obtained.

Fig. 9. Measurement setup for maximum far field gain.

The measured far field gain and radiation pattern of
the fabricated antennas are given in Fig. 10 and Fig.11.
As is seen from Fig. 10, the maximum far field gain of
the proposed modified SIW antenna design is almost
1.5 dB and 1 dB higher than the other design at 2.4 and
5.6 GHz bands with a simple design modification to the
primary antenna model.
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Fig. 10. Measurement results for maximum far field
gain.
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Fig. 11. Measurement results for radiation pattern: (a)
2.4 GHz and (b) 5.6 GHz.

In Fig. 11, the measured far field gains of
prototyped antenna models are given. As is evident, the
propagation directions of both antenna designs are from
the back. The modified antenna design has almost 3 dB
@ 2.4 GHz and 1.5 dB @ 5.6 GHz gain improvement
as compared to the counterpart model.

V. CONCLUSION

As is seen from measurement and simulation
results, the proposed dual band antennas designed with
SIW technology deliver high performances; further,
by adding modifications such as defecting top layers or
adding DGS to the design, it is possible to enhance its
total performance. The design techniques presented here
suggest that the proposed antenna model is a feasible,
low cost, high performance dual band antenna design
that can easily be integrated in wireless communication
systems for ISM band applications.
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