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Abstract In this paper, a design of wideband antenna by tuning the aperture slot
parameters and using two dielectric pellets is investigated and discussed. The
performance of the resonant frequencies, impedance bandwidth and radiation pat-
tern of the DGS-CDRA (Defected Ground Structure Cylindrical Dielectric Res-
onator Antenna) are analyzed. The design achieved a wideband impedance
bandwidth of 4.0 GHz (50.74 %) by using two slots aperture and thick substrate.
Two dielectric pellets with the same type and size are coupled to a microstrip line
through two rectangular slots. The slots positions are tuned along (below) micro-
strip line to a position where impedance bandwidth from both dielectric pellets are
merged and form a wide impedance bandwidth. Subsequently, performance of the
antenna is being analyzed based on the simulation results of return loss and radi-
ation pattern. The design is fabricated and the measurement results of impedance
bandwidth are compared with the simulation results.
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1 Introduction

The design of DRA provides a large degree of freedom and makes them complicated
since a lot of variable interplay with each other [1]. It is possible to design the DRA
to operate at any rational input impedance and also eliminating the need of matching
circuit by having a good understanding on its physic studies. Many complex design
of DRA can be exploited [2–5]. The techniques for tuning the impedance bandwidth
of the DRA can be categorized into three approaches: multiples resonance, aperture
coupled and hybrid resonator. In this paper, aperture coupled technique is imple-
mented and discussed. The approach of aperture coupled technique reported that
method exhibits with the impedance bandwidth of 10–24 % [5–7]. In this technique,
the active devices are integrated on dielectric substrate on the same side of the feed
network and enabling the use of DR antenna with monolithic microwave integrated
circuits (MMIC’s). Furthermore, the aperture-coupled technique together with
hemispherical shape of DRA and a parasitic patch providing wide range of frequency
tuning characteristics and bandwidth enhancement features [8].

The wide band applications are also achievable with the array configuration [9,
10]. It is reported that the design of seven elements rectangular DRA array is
coupled to narrow slot apertures that are fed by dielectric image guide [11]. In the
DRA arrays design, the separation between elements is critically being analyzed
and it is critically depends on the wavelength of a dielectric image guided (DIG). It
is required all the elements to be excited in phase. With a good selection of element
spacing, the grating lobes are minimized and the antenna is produces high mag-
nitude into main lobes direction.

Another technique for tuning the impedance bandwidth of the DRA is
multiple-resonance technique [12–15]. This approach introduces various shapes of
DR antennas. The technique employed two or more resonant element in a same
device, with slightly different resonant frequencies and proximity coupled to each
other. Impedance bandwidth is controlled by the coupling mechanism from the
resonant element. The stacked DRA consists of a dielectric resonator of high
permittivity is attached together with a thin dielectric segment of relatively low
permittivity. Both of the resonators are positioned on ground plane. A coaxial probe
is used to feed the resonators through different shaped of stacked DR. This
approach of designing the antenna able to contributes the impedance bandwidth
between 40–109.5 % [16–18].

2 Wide Band of DRA Design

The view of the optimum configuration of aperture coupled DGS-CDRA for wide
band application is shown in the design layout of Fig. 1. The FR4 material with
dielectric constant of 4.42 and thickness of 1.42 mm is used for the substrate of the
ground plane. The FR4 material is chosen as it is easy to fabricate. The design used
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identical dielectric resonator (DR) with radius of 7.0 mm, height of 2.0 mm and
dielectric constant of εr1 = 55. The design structure combines the resonance ele-
ments of both aperture coupled DGS-CDRA (Ps1 = 21 mm and Ps2 = 48) on the
same ground plane. The aperture slot for DR1 and DR2 are placed at position
21.0 mm (Ps1) and 48.0 mm (Ps2) respectively. The aperture slot size for both
dielectric resonators is selected to be 4 × 14 mm2 and it is etched on the ground
plane. From literature it is found that the implementation of large size of aperture
produces multi modes of resonant from the dielectric pellet [19, 20]. Figure 1a and
b shows the top view of the design layout and detail dimensions of the design.

The selection of size and the position of the two aperture slots are tuned to
provide the resonant frequencies that are neighboring to each others. Initially, the
first slot and the second slot DR is tuned separately. The DR1 slot is tuned at lower
band of frequencies; meanwhile the second slot is tuned to higher band resonant
frequencies. The resonant generates by DR2 is tuned at slightly above the resonant
frequency. The resonant of both DR1 and DR2 are tuned from position of 20.0 mm
from input port with increment of 1 mm for each step. Subsequently the slot
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Fig. 1 Antenna configuration a perspective view, b geometry of tuning slot, c fabricated wide
band DGS-CDRA
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position combines these two resonant frequencies thus producing wider impedance
bandwidth. The actual fabricated wide band DGS-CDRA is shown in Fig. 1c.

3 Results and Discussion

The result of combining the resonant frequencies from DR1 and DR2 is shown in
Fig. 2. It is depicted that the simulated return loss level of −10 dB is achieved from
5.6 to 8.2 GHz. Meanwhile, the measurement result produces impedance band-
width from 4.48 to 8.48 GHz. The simulation and measurement results obtained an
impedance bandwidth of 2.6 GHz (37.6 %) and 4.0 GHz (50.74 %) respectively.
The simulation and measured results shown that wider impedance bandwidth is
achieved from combination of several resonant frequencies that are neighboring to
each others. The simulated impedance bandwidth of the antenna is determined at
−10 dB level as depicted in Fig. 2. It is shown that the resonant frequencies of
below −10 dB level is a combination of 5.8, 6.4, 6.9 and 7.9 GHz resonant. The
measured results show deviation of 13.14 % as compared to the simulations. Dis-
similarity between measured and simulated results is due to the fabrication process
during the circuit preparation.

In this design, the multiples resonant frequency with wide resonant respond is
merged together and produces wide band of impedance bandwidth respond. It is
also observed that the magnitude of return loss for each resonant frequency within
the impedance bandwidth is lower as compared to simulation plot. As a result the
measurement result produces wider bandwidth with low amplitude of return loss
level. The measurement result also shows that the Q-factor of the resonant is
decreased. The additional of two aperture slots beneath the transmission line had
decreased the effective Q-factor of the dielectric pellets, thus increasing the

Fig. 2 Simulation and measured results of return loss
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impedance bandwidth of the overall response. The result shows that the impedance
bandwidth is inverse proportional to Q-factor as BW = 1/Q [21].

The simulated radiation patterns in xz- and yz-planes for the wide band
DGS-CDRA are presented in 2D polar plot in Fig. 3a, b. The radiation pattern for
resonance frequencies of 4.4, 5.2, 6.0, 7.8 and 8.0 GHz are observed and analyzed
accordingly. The selected frequencies are used to analyze the performance of
radiation gain across the operating frequency band of the antenna (4.4–8.0 GHz). It
is depicted that the aperture coupled CDRA produces a broad beam width radiation
with a symmetrical shape along the xz-plane and yz-plane. The back lobe of the
antenna shows slightly asymmetry due the back radiation from dielectric resonators
through the aperture slots. The radiation pattern in yz-plane shown in Fig. 3b
depicted that the antenna produces a symmetrical radiation and the shape is con-
sistent for all resonance frequencies.
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Fig. 3 Simulated radiation patterns at 4.4, 5.2, 6.0, 7.8 and 8.0 GHz. a xz-plane b yz-plane
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Table 1 summarized the simulated radiation characteristic across the resonant
bandwidth. The antenna generates a wide angular beam width angle within
89.9°–112.2° for the resonant frequencies range of 4.4–6.0 GHz. It is found that the
magnitude of forward radiation is decreased with the increment of angular beam
width. For wider angular beam width, the result shows that the energy is emitted
into wide angle of radiation and consequently increased the angle of signal cov-
erage. As the frequency increases from 7.8 to 8.0 GHz, the angular beam width is
decreases between 57.4° and 71.5° and the magnitude of main is increased between
7.4 and 7.9 dBi. It is shown that within these frequency ranges, the antenna had
increased the magnitude of the main lobe and the emitted energy is focused to small
angle of radiation. From the result, it is depicted that antenna produces a good
features for broadcasting purpose within frequency range of 4–6 GHz. Furthermore,
with higher magnitude of main lobe on forward radiation, the antenna able to
provide greater distance of radiation signal with reduced angle of coverage within
frequency range of 7.8–8.0 GHz.

At 4.4 GHz, the antenna produces a broad radiation pattern with main lobe
magnitude of 4.8 and −3 dB angular bandwidth of 89.9°. It is illustrated that the
antenna generates wider main lobe with low magnitude. Meanwhile, at frequency of
8 GHz the antenna produces gain magnitude of 7.4 dBi for the main lobe with
−3 dB angular width of 71.5°. It is observed that the magnitude of main lobe is
increased with decreasing of −3 dB angular width. As a result, the antenna pro-
duces smaller size of main lobe as at 8 GHz with magnitude of gain is higher than
4.4 GHz. It is also shown the back lobes magnitude increased since dual slot and
DRA are used in the design. Addition slots allow the main signal radiates on the
back side. Consequently it radiates the magnitude of the main lobe and reduces the
efficiency of the antenna. The results show that the impedance bandwidth is
increased by using two aperture slot technique. Somehow, the addition of aperture
slot contributes to high back lobes. As a result the main beam magnitude is reduced.

4 Conclusion

In this paper, the DGS-CDRA design with the aperture coupling technique for
wideband application is designed, simulated, fabricated and analyzed. Two slots are
fabricated to provide the aperture coupled effect for the CDRA are investigated. The
investigation shows that by adding the slots create a multiple resonance thus

Table 1 Simulated radiation pattern characteristics across bandwidth of the DGS-CDRA

Frequency (GHz) 4.4 5.2 6.0 7.8 8.0
Main lobe magnitude (dBi) 4.8 6.6 6.7 7.9 7.4
Main lobe direction (°) 180.0 150.0 145.0 170.0 180.0
Angular width (−3 dB) (°) 89.9 112.2 103.0 57.4 71.5
Back lobes level (dBi) −15.3 −16.5 −10.7 −8.0 −13.1
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enhances the impedance bandwidth. The slot application provides directional
radiation patterns throughout the targeted frequency range. In addition the slot’s
structure is capable to merge the multimode resonance with two dielectric pellets
for the impedance bandwidth optimization. Thus proves that the proposed design
exhibits an improvement of 50.74 % bandwidth.
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