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Abstract—This paper deals with the frequency lowering of
substrate integrated waveguide (SIW) antenna working at the
X-band frequency by utilizing complimentary split ring resonator
(CSRR). The proposed X-band SIW antenna is constructed by
use of an extended half-circle shape of radiator with 2 concentric
ring slots of CSRR upon it. A microstrip line technique is used to
feed the proposed X-band SIW antenna. While the configuration
of X-band SIW antenna is designed on a 1.6mm thick FR4
epoxy dielectric substrate with the dimension of 22mm (width)
by 36mm (length). To show the potency of frequency lowering,
a conventional SIW antenna, i.e. SIW antenna without CSRR,
is also designed on the same dielectric substrate. From the
characterization result, it shows that the proposed X-band SIW
antenna has the resonant frequency 12% lower than the resonant
frequency of conventional SIW antenna.
Index Terms—complimentary split ring resonator (CSRR),
frequency lowering, substrate integrated waveguide (SIW)
antenna, X-band frequency

The common method for reducing the size of microstrip
antenna is by utilizing a dielectric substrate which has
high permittivity. However, this affects the antennas to be
more expensive, less radiation efficiency, and having narrow
excessive bandwidth [4]. Several attempts in overcoming those
drawbacks have been investigated by many researchers by
implementing many design techniques including the inserted
slot and truncation [5], the corrugation structure [6], the
inverted-F structure [7], and the shorting pin [8]. However,
all of those techniques have limitation in their design which
have complex structure and less performance for frequency
lowering affecting to the size miniaturization. So, the design
techniques for miniaturizing microstrip antenna with artificial
materials and/or metamaterials have been reported to provide
more contributions in size reduction [9]– [12]. These would
include SRR and/or CSRR which is incorporated into the
microstrip antenna, although those have been restrictively
engaged for a single antenna.
Further, based on the Babinet principle and the duality
concept the CSRR is the negative images of SRR. The basic
working mechanism for both resonators is the same except
in exciting the axial electric field. With adjustment of the
size and geometric parameters of the CSRR, the resonant
frequency can be easily tuned to the desired value [13]. The
two slot rings in the CSRR are coupled and thereby allow
negative permittivity and permeability. In particular, many of
the existing CSRRs are combined with substrate integrated
waveguide (SIW) [14]–[15]. The SIW technology have been
recently used to implement compact and low-cost wireless
communication devices with the performance comparable to
that of a bulky waveguide [16]–[18]. By implementing SIW
combined with CSRR, a compact antenna can be designed
with emphasizing for frequency lowering.

I. I NTRODUCTION
A rapid growth of wireless communication technology
has sparked the need for developments in antenna designs.
Some applications of wireless communication systems such
as cellular phones, personal computer (PC) wireless cards, and
various remote-sensing devices require antennas with compact
dimension to suit with the limited size of devices [1]– [2].
In addition, these antennas are expected to be low-profile,
efficient, and electrically small to be integrated into terminals
of wireless communication devices. It has been already known
that conventional microstrip antennas has low-profile and high
efficiency but inherently narrow band [3]– [4]. In modern
wireless communication, the microstrip antenna is frequently
implemented as a front-end part of wireless communication
devices. Hence, the size miniaturization of microstrip antenna
has become a critical issue in reducing the entire dimension
of communication system.

978-1-5386-8333-0/18/$31.00 ©2018 IEEE

In this paper, an SIW antenna working at the X-band
frequency is proposed by utilizing CSRR upon its radiator.
The CSRR utilization is aimed to lower the resonant frequency
of antenna by advantaging the feature of CSRR as a small
electrically resonator. The proposed X-band SIW antenna is
designed on a 1.6mm thick FR4 epoxy dielectric substrate
and configured by an extended half-circle shape of radiator
which is fed by a microstrip line technique. Meanwhile, the
CSRR which is incorporated into the radiator consists of 2
concentric ring slots. Moreover, a conventional SIW antenna,
i.e. SIW antenna without CSRR, is also designed on the same
dielectric substrate to demonstrate the feasibility of frequency
lowering. Both SIW antennas are then characterized through
simulation and their results are compared each other.
II. B RIEF OVERVIEW OF SIW A NTENNA D ESIGN
A. X-Band SIW Antenna with CSRR
The SIW is basically implemented by arranging rows of
metallic cylinders or vias applied as the sidewalls of waveguide
[19]. These vias are usually embedded in a dielectric substrate
connecting the top and bottom metal layers. Some merits of
using SIW which have been implemented on some devices are
the possibility to incorporate non-planar waveguide structures
in planar substrates [20]. Whilst, the combination of SIW and
CSRR has been implemented to gain wireless communication
devices with compact size [14], [17].
There are many CSRR parameters that affect the
performance of the SIW antenna, such as CSRR shape, gap
between ring slots, width of ring slots, number of ring slots,
and CSRR size. Fig. 1 shows the construction of X-band SIW
antenna with CSRR incorporation. The proposed SIW antenna
is intended to work at the X-band frequency for wireless
communication application. To operate at the desired X-band
frequency, the radiator of SIW antenna which takes a shape
of extended half-circle has the width (𝑤p ) of 18mm and the
length (𝑙p ) of 18mm. The overall structure of SIW antenna
which has the width (𝑤a ) of 22mm and the length (𝑙a ) of
36mm is designed on an FR4 epoxy dielectric substrate with
the thickness (𝑡a ) of 1.6mm.
Meanwhile, the CSRR incorporated into the radiator has
the gap between ring slots (𝑔r ) of 1.0mm, the outer ring
diameter (𝑑ro ) of 4.15mm, and the inner ring diameter (𝑑ri )
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Fig. 1. Construction of X-band SIW antenna with CSRR incorporation.
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Fig. 2. Construction of conventional X-band SIW antenna.

of 1.15mm. Nine surrounding vias made of metal copper are
put on the edge of radiator behaves the sidewalls of waveguide
connecting the radiator to the groundplane. Each via has the
diameter (𝑑v ) of 1.0mm. The radiator is fed using a microstrip
feeding line technique with the width (𝑤f ) of 1.95mm and the
length (𝑙f ) of 16mm. The dimension of microstrip feeding line
has been optimized to achieve good performance of X-band
SIW antenna.
B. Conventional SIW Antenna
Furthermore, to demonstrate the potentiality of frequency
lowering, a conventional SIW antenna is also designed by
using the same dielectric substrate, i.e. FR4 epoxy dielectric
substrate. The dimension of conventional SIW antenna as well
as its radiator are the same with the proposed X-band SIW
antenna. Fig. 2 shows the construction of conventional SIW
antenna which has the width (𝑤a ) of 22mm and the length (𝑙a )
of 36mm, and nine surrounding vias at the edge of radiator.
Each via has the diameter (𝑑v ) of 1.0mm. The radiator of
conventional SIW antenna which is made of metal copper has
the width (𝑤p ) of 18mm and the length (𝑙p ) of 18mm. Similar
to the counterpart design, the conventional SIW antenna is fed
by a microstrip line technique with the width (𝑤f ) of 1.95mm
and the length (𝑙f ) of 16mm.
III. C HARACTERIZATION AND R ESULT
Parameters of antenna which are focused in the
characterization cover reflection coefficient (𝑆11 ), gain,
and radiation pattern. Fig. 3 plots the reflection coefficient
of X-band SIW antenna with CSRR and conventional
SIW antenna. The resonant frequency of X-band SIW
antenna with CSRR is 11.05GHz with the 𝑆11 value of
–13.27dB and the –10dB working bandwidth of 531MHz
(10.778GHz–11.309GHz). Whilst the conventional SIW
antenna has the resonant frequency of 12.55GHz with the
𝑆11 value of –16.99dB and the –10dB working bandwidth
of 772MHz (12.242GHz–13.014GHz). The result indicates
the frequency lowering of 12% for the proposed X-band
SIW antenna compared to the conventional SIW antenna.
The result also shows that the utilization of CSRR affected
the increase of antenna impedance yielding the mismatch
impedance indicated by the worse 𝑆11 value of proposed
X-band SIW antenna.

Reflection coefficient, S11 (dB)

0

of 0.657dBi at its resonant frequency. Although the proposed
X-band SIW antenna has the gain averagely higher than the
conventional SIW antenna, however both SIW antennas still
share a known characteristic of common microstrip antenna
which is having low gain. Fig. 5 shows the 𝐸– and 𝐻–planes
radiation pattern for both SIW antennas. It seems that the
utilization of CSRR for the SIW antenna has no significant
effect to its radiation pattern, in which this is beneficial for
wireless communication application as the SIW antenna with
CSRR could be applied without any modification.
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Fig. 3. Reflection coefficient of X-band SIW antenna with CSRR and
conventional SIW antenna.
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The utilization of CSRR for frequency lowering of X-band
SIW antenna has been presented in comparison with the
conventional SIW antenna. The X-band SIW antenna with
CSRR as well as the conventional SIW antenna has been
designed on a 1.6mm thick FR4 epoxy dielectric substrate
with the dimension of 22mm (width) by 36mm (length).
The characterization of X-band SIW antenna with CSRR has
demonstrated to work at the resonant frequency of 11.05GHz
in which this was 12% lower than the resonant frequency of
conventional SIW antenna of 12.55GHz. In addition, further
investigations for improving the performance of X-band SIW
antenna with CSRR are currently under progress as well as its
experimental characterization.
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Fig. 4. Gain of X-band SIW antenna with CSRR and conventional SIW
antenna.
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Fig. 5. Radiation pattern of X-band SIW antenna with CSRR (at 11.05GHz)
and conventional SIW antenna (at 12.55GHz).

Furthermore, the gain achievement of both SIW antennas
is depicted in Fig. 5. At resonant frequency of 11.05GHz,
the X-band SIW antenna with CSRR achieves the gain of
2.097dBi, whereas the conventional SIW antenna has the gain
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