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Abstract. A simulation study is carried out for the improvement of a four elements
triangular dielectric resonator antenna (TDRA) using the commercial software HFSS. The
antenna structure is fed through a 50 Q L-shaped coaxial transmission line.. The simulated
antenna parameters are compared with both single and four element triangular dielectric
resonator antenna (TDRA) using an ordinary coaxial feeding. About 55% impedance
bandwidth enhancement is achieved, in the 4.25-7.45GHz frequency band for a -10 dB
return loss. A gain enhancement of 180% is realized to achieve 8.5dB. The simulation
results are found to be in good accord when compared to the published theoretical results.
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1 Introduction

The introduction of the DRA structures as an alternative to the conventional antennas was
considered a long time ago. The dielectric resonators were firstly (in 1939) exploited for the
realization of energy storage devices [1]. By the production of high permittivity materials in
1953 [2], these structures earned their place for the antenna applications. Since the early sixties,
the field distribution of the TMxyz and TExyz modes and the propagations have been studied
[3]. Later on, in 1982, it was the first time that DR had been employed as a radiating element.
In this context, different DR shapes and dimensions have been used depending on the desired
radiation patterns, however, rectangular [4] [5] [6], circular [7] [8] [9] and triangular shapes are
the most commonly used ones [10]-[14]. Recently, a compact PIN diode reconfigurable antenna
with dielectric resonator (DRA) has been studied and presented for GSM, LTE and 5G services.
This antenna comprises three rectangular dielectric resonators each with different permittivity
and dimensions [5]. Also in [6], a research was conducted to enhance the performance of a
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rectangular dielectric resonator antenna (DRA). The slot coupling technique between the
circular section and the other sections is used to improve the bandwidth from 1.08 GHz to 1.75
GHz. An antenna with two cylindrical DRA fed by a microstrip line for a wideband application
has been proposed. The optimization of the parameters could have two antenna configurations:
the first one has an impedance bandwidth around 55%, and a power gain of 12dBi, and the
second one covers an impedance bandwidth of around 58% with a power gain of 10dBi [8].
The triangular dielectric resonator antenna (TDRA) is becoming more and more attractive to be
used in contemporary communication systems due to their multiple advantages compared to the
other forms. They are less cumbersome, easy to be built and they show a large impedance
bandwidth characteristic. Using TDR for antenna designs requires a thorough knowledge of
their operating principles, benefits and eventual drawbacks. On the other hand, it would be very
significant to examine the distinctive modes, also diverse probable radiation patterns and the
related fabrication techniques to assure a proper feeding for an optimal radiation characteristic.
It would be also of importance to consider the operating frequency band, and the way it how
depends on the DR-based-structure dimensions.
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Fig. 1. Geometry of a four-element triangular dielectric resonator antenna



In [13], a coaxial fed isosceles (equilateral) TDR antenna is presented. The triangular form
is characterised by a height of h=24mm, a side of a=66mm, angles of 30°, 30° and 120°, with a
permittivity of er=12. The proposed isosceles TDR antenna exhibits two operating bands centred
at both 2.48GHz and 1.68GHz. In [11], another isosceles/equilateral shaped TDRA has been
presented. In this study, the same dielectric material (er = 12), the same height (h = 24mm) and
the same side (a = 66mm) dimensions are maintained as in [13]; the difference lies in the
isosceles triangular angles: 45°, 45° and 90° and the feeding probe position. The DR is placed
on top of a metallic ground plane and is fed by a 50Q coaxial transmission line placed in the
middle of the TDRA side. This TDRA is operating on the broadband as shown by the simulation
results [11].

2 Antenna Design

From conventional TDRAs, we designated a radiating structure presented in [10] as a
reference antenna. The antenna consists of four radiating triangular resonators. This study aims
at the improvement of the antenna operating bandwidth. The geometry of the antenna and its
structure are shown in Figure 3, while Table 2 summarizes its associated geometrical
parameters.

Table 1. Different parameter dimensions

Dimension Dimension
Parameter Parameter

(mm) (mm)
Xg 50.0 H2 10.7
Yg 50.0 A -7.71
Zg 3 B 12.34
R1 2.25 L4 50
R2 0.6 HD 10

3 Discussion of the findings

The proposed TDR antenna has been designed and the reflection coefficient S;1 parameter has
been simulated by using High Frequency Structure Simulator (HFSS) to verify and validate the
antenna predicted characteristics it has compared with the characteristics of the antenna
simulated and measured in [10].
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Fig. 2. Return loss S11 compared with Ref. [10]
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Fig. 3. L-shaped coaxial line-fed four-element TDR antenna
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Fig. 4. Simulation results of the return loss S11 of the TDRA compared with Ref. [10].

Figure 2 shows a comparison of our simulations and results obtained by reference [10]. This
TDR antenna is suitable for wireless applications in the 4.2-7.1GHz band. These results show a



100% bandwidth improvement operating frequency band. The proposed L-shaped coaxial probe
fed four-element TDRA geometry is presented in Figure 3. Figures 4 and 5 show the simulated
results of the return loss S11 and the input impedance, respectively.
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Fig. 5. Simulated input impedance of the proposed L-shaped coaxial fed TDRA
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Fig. 6. Resonant modes of the proposed antenna in the Xy plane at 4.5, 5.5, 6.5 and 7.3 GHz



It is clear that the number of TDRs did widen the bandwidth and the L-shaped coaxial
feeding did increase the bandwidth and made the antenna ultra-wideband (Fig. 4). The proposed
TDR antenna is characterized by an impedance bandwidth of 55% ranging from 4.25 to 7.45
GHz while the same antenna with a simple coaxial probe feed [10] possesses a 37% impedance
bandwidth.

As shown in Figures 4 and 5, the significant increase in the operating frequency band is due
to the appearance of 3 new modes resonating at: 4.5, 5.5, 6.5 and 7.3 GHz, respectively. In
addition, the values of the impedance real part approach 50 Ohms compared to the case of the
antenna presented in [10]

Fig. 7. Resonant modes of the proposed antenna in the xz plane at 4.5, 5.5, 6.5 and 7.3 GHz.

The electric field distributions of the three modes excited in the TDRA at 4.5, 5.5, 6.5 and
7.3 GHz, respectively, in xy and xz planes are presented in Figures 6 and 7, respectively. These
modes are excited by a single DR and combinations of two, three and four DRs. This is clearly
illustrated in Figure 7.



Figure 8 illustrates three-dimensional (3D) radiation patterns of the proposed TDR antenna
at 4.25 and 7.45 GHz. Figure 9 presents the simulated maximum gain of the proposed TDR
antenna for these frequencies. A peak of 6.65 dB at 4.25 GHz and 6.81 dB at 7.45 GHz are
achieved.
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Fig. 8. Radiation pattern of the proposed 4-clement TDR antenna at 4.25 and 7.45 GHz.
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Fig. 9. Simulated gain of the proposed TDR antenna compared with [10].

4 Conclusion

An isosceles four-element TDR Antenna with an L-shaped coaxial line feed is investigated. A
simulation study of the proposed antenna is carried out using Ansoft HFSS software for the
improvement of the antenna parameters over single DR and conventionally coax fed TDR
structures. The introduction of a new L-shaped coaxial probe feeding has significantly increased
the impedance bandwidth and the gain. We can conclude that it is possible to increase the
impedance bandwidth and gain using multi DR structures, and by adjusting the feeding line
further improvements may be achieved. The resulting antenna structure is suitable for WiMAX
and 5.0 GHz (IEEE 802.16) WLAN networks applications.
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