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Abstract: A dual band-notched reconfigurable dielectric resonator antenna (DRA) is proposed in
this paper. A rectangular dielectric resonator excited by stepped offset microstrip feedline generates
multiple resonant modes for wideband performance. Moreover, the typical stepped impedance
feedline and partial ground plane with one rectangular notch are adopted for contributing for better
impedance matching. On this basis, a five-line coupler resonator (FLCR) composed by inverted
U-shaped and lI-shaped structures is introduced as a bandstop filter in the microstrip feedline,
and dual rejected bands are created. Tunable notched frequencies are achieved by the varactor
between these two structures. The proposed antenna size is 24 X 28 x 5.637 mm?>. For the presented
work, both simulated and measured results for the proposed tunable antenna ranging from 5.3
to 5.84 GHz and from 8.74 to 8.98 GHz within the wide bandwidth of 6.06 GHz are presented,
demonstrating the accuracy of this design. There capabilities make the proposed antenna applicable
for wideband systems with the requirement of avoiding interferences.

Keywords: dielectric resonator antenna; frequency-reconfigurable antenna; band-notched antenna;
filter; varactor

1. Introduction

Dielectric resonator antenna (DRA) has been an active research area for the last three decades
due to its excellent characteristics such as compact size, light weigh, low dissipation loss, high degree
of design flexibility, and ease of excitation, since it was originally proposed in 1983 [1]. Moreover,
DRA, which possesses multi-mode characteristic, has emerged as an ideal candidate for high efficiency,
cost-effective, and wideband applications [2,3]. On the other hand, ultrawideband (UWB) systems
are of great interest due to their remarkable advantages, such as simple hardware configuration,
high-speed data rate, low power consumption, and high-precision ranging. However, there are some
challenges including high radiation efficiency to design UWB antennas. DRA provides a promising
solution for UWB antenna [4-6].

In reality, many relatively narrowband services occupy frequencies in the UWB range, so it
is necessary to develop techniques to introduce notched bands for rejecting the interferences [7,8].
Various band-notched UWB antennas using different techniques, such as cutting slots of various
shapes in radiating patch, ground plane and feedline, have been published recently. Moreover, for the
conventional antenna, two or multiple band- and tunable band-notched characteristics have been
already achieved for improving the performance of UWB systems [9-12]. However, a reconfigurable
mechanism for DRA is a difficult point for its non-metal radiation body. The traditional methods
of changing metal radiation body, such as the reference review pointed, are not applicable to DRA.
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Therefore, attempts to achieve reconfigurable DRA are of great significance. Today, there are only
a few research achievements on fixed band-notched DRA [13-17]. A hybrid method combined DR
with monopole is published to obtain rejection band in [13]. Another combination mechanism for
notched DRA is introduced in [14]. A further approach proposed in [15] obtained dual rejection band
by embedding a stub located to the feedline center and an inverted T-shaped parasitic strip surrounded
by two inserted DRs at the back. One slot in the conformal patch connected with probe feed is used for
one rejected band in [16]. Two slots in the bevel-shaped patch connected the coplanar waveguide feed
line are used for generating two rejected bands in [17]. Tunable band-notched DRA is developed by
the equivalent of multiple dual band-notched DRA with the same radiator, which is used for avoiding
different interferences within a wideband range and improving system performance. Unfortunately,
there are only a few dual tunable band-notched DRA at present.

In this article, a dual band-notched rectangular DRA with tunable characteristic is presented.
The letter is organized as follows: In Section 2, the antenna structure and design procedure are
presented. Following this, the simulated and measured input reflection coefficients, far-field radiation
patterns, and gains to verify the performance of the proposed tunable antenna in Section 3. Finally,
the letter concludes with a discussion of future work in Section 4.

2. Antenna Design

2.1. Antenna Structure

Figure 1 depicts the geometry of the reconfigurable DRA with tunable dual band-notched.
It contains a rectangular dielectric resonator (DR) with dielectric constant of 9.9, an offset microstrip
feedline integrated with a bandstop filter based on a five-line coupler resonator (FLCR), a varactor
diode, and a defected ground plate with a rectangular notch centered around the feed and a FR-4 epoxy
substrate with permittivity of 4.4 and loss tangent of 0.025. Rectangular DR excited by asymmetrical feed
is easier to excite more resonant modes, which can be used to expand the bandwidth for DRA. Stepped
impedance microstrip and defected structure ground plane were introduced for better impedance
matching. Dual rejected bands were generated by the FLCR with inverted U- and 1lI-shaped structures
integrated into the microstrip feedline for filtering out the corresponding bands. The continuously
tunable characteristic was achieved by the varactor diode with variable capacitor between the two
resonant structures.

(b)

Figure 1. Configuration of the proposed tunable band-notched reconfigurable DRA: (a) top view;
(b) side view; and (c) bottom view.

2.2. Design Procedure

For illustrating the evolution process of the proposed DRA, six antenna prototypes were designed
(Figure 2). Antenna I, a rectangular DRA excited by offset uniform impedance microstrip, can generate
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multiple modes with insufficient resonant intensity. Antenna Il introduces stepped impedance resonator
for microstrip feedline. For Antenna III, a rectangular notch was placed on the partial ground plane
for better impedance matching. A square ring slot etching in the feedline was used for producing a
slim stopband in Antenna IV. Antenna V introduces a FLCR with inverted U-shaped and !lI-shaped
structures for forming band-stop filter, with the capability of creating two notched bands. In Antenna
VI, a varactor diode, was loaded between these resonator structures to change the capacitance of
band-stop filter, eventually making the dual rejected bands adjustable.

Figure 2. Evolution process of the proposed antenna: (a) Antenna I; (b) Antenna II; (c) Antenna III;
(d) Antenna IV; (e) Antenna V; and (f) Antenna V1.

For this design, a series of parametric studies were carried out to understand and optimize how
the dimensions affect the performance of the dual band-notched DRA by commercial electromagnetic
simulation software named Computer Simulation Technology (CST). Simulated input reflection
coefficients for the first three antennas are demonstrated in Figure 3. It can be illustrated that the
combined technique of stepped impedance resonator and defected ground structure give a wider
impedance matching bandwidth step by step with optimized dimensions. Antenna I only operated at
dominant mode with a narrow impedance bandwidth around 4 GHz. Antenna II made the dominant
mode and higher modes effective together for broadening the bandwidth. Antenna III further achieved
a UWB operation bandwidth with the impedance bandwidth 9.86 GHz (3.71-13.57 GHz). To further
clarify the multiple modes excited simultaneously of rectangular DRA, simulated E-fields ranging
from 0 to 2000 V/m at resonant frequencies of the reference Antenna III are demonstrated in Figure 4,
which works in TE116 mode (at 4.04 GHz), TE215 mode (at 8.49 GHz), and TE226 mode (11.69 GHz),
respectively. The mode subscribes represent field variations in the directions of x-axis, y-axis, and z-axis
in rectangular coordinates, respectively. It can be confirmed that the impedance bandwidth for the
proposed DRA is relatively wide owing to the fusion of multi-resonant, offset stepped microstrip
feedline and defected ground plane.
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Figure 3. Simulated reflection coefficients of the first three reference antennas.
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Figure 4. Simulated E-fields of reference Antenna III: (a) TE116 mode at 4.04 GHz; (b) TE216 mode at
8.49 GHz; and (c) TE226 mode at 11.69 GHz.

Figure 5 demonstrates the reflection coefficients for the last three antennas. Antenna IV operates
at notched frequency of 6.06 GHz for the introduction of square ring. The FLCR based on the stepped
impedance transformed feedline created two highly selective notched bands within the compact
dimension in Antenna V. Antenna III with a varactor diode at the capacitance of 0.63 pF, operated
at two rejecting frequency of 5.67 GHz and 9.29 GHz with —10 dB impedance bandwidth of more
than 8 GHz. The simulated surface current distributions ranging from 0 to 57.5 A/m of the proposed
tunable band-notched antenna at 5.67 GHz and 9.29 GHz with the junction capacitance of 0.63 pF
are depicted in Figure 6. The surface current flows around the IlI-shaped structure at the rejected
frequency of 5.67 GHz and short elements at the rejected frequency of 9.29 GHz, corresponding to
their respective quarter-guided-wavelength resonator. For these cases, the surface currents in the DRA
caused destructive interference, which resulted in irresponsive antenna. In addition, the gain and
radiation efficiency of the proposed antenna with junction capacitance of 0.63 pF are plotted in Figure 7,
which also confirms band rejection characteristic at two frequency bands.



Electronics 2019, 8, 472 50f9

Reflection Coefficients (dB)

-30 | = Antenna IV .
+ +« AntennaV
— Antenna VI
-40 -
2 4 6 8 10 12
Frequency (GHz)

Figure 5. Simulated reflection coefficients of the last three reference antennas.
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Figure 6. Surface current distribution of the proposed antenna with junction capacitance of 0.63 pF:
(a) 5.67 GHz and (b) 9.29 GHz.
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Figure 7. Gain and radiation efficiency of the proposed antenna with junction capacitance of 0.63 pE.

A varactor diode was inserted into the FLCR structure of feed network for the proposed DRA.
The Skyworks SMV 1405-079LF varactor was selected for this purpose. According to the published
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datasheet, it can be modeled as the equivalent circuit for the simulation illustrated in Figure 8.
The equivalent circuit model was composed of a series resistance (Rs), a resistance inductance (Ls),
a parasitic capacitance (Cp), and the junction capacitance (Cj). The values of Rs, Ls, and Cp were,
respectively, 0.8 (2, 0.7 nH and 0.05 pF. The tuning reverse bias voltage of the varactor diode varied Vr
from 0 to 30 V, which changed Cj in the range from 2.67 to 0.63 pF, and some typical values are listed in
Table 1.

Gy
L, |
Y| S
R, G

Figure 8. Simplified equivalent varactor Circuit.

Table 1. Capacitance vs reverse voltage of SMV 1405-079LF.

Vr (V) 0 0.5 1.0 1.5 2.0 2.5
Cj (pF) 2.67 2.12 1.84 1.70 1.55 1.44
Vr (V) 3.0 4.0 5.0 10.0 20.0 30.0
Cj (pF) 1.34 1.25 1.17 0.95 0.77 0.63

3. Results and Discussion

To demonstrate this type of reconfigurable DRA experimentally, Figure 9 displays a fabricated
antenna based on the design with the final dimensions indicated in Table 2. The rectangular DR is
made of one type aluminous ceramic. Two wires connected the central feed of lI-shaped structure and
the ground plane with metallic via to the upper inverted U-shaped structure separately were used
for biasing the varactor diode. In addition, a dc-block SMA connector was used for test between the
proposed antenna and the coaxial measurement cable of Agilent-N5227 microwave network analyzer.

(b)

Figure 9. Prototype of the proposed DRA: (a) top view and (b) bottom view.
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Table 2. Final dimensions of the proposed antenna.

Parameters a b c h 11 12
Value (mm) 12 15 4 1.6 8.1 10.4
Parameters wl w2 w3 w4 w X
Value (mm) 0.3 0.6 0.5 22 3.1 24
Parameters x1 x2 yl y2 y3 er
Value (mm) 23 52 12 16 24 9.9

The simulated and measured input reflection coefficients for the tunable DRA are shown in
Figure 10a,b, respectively, and dual tunable band-notched characteristics are both demonstrated.
Moreover, it can be seen that the measured notched bands were continuously tuned from 5.3 (8.74)
to 5.84 (8.98) GHz by varying the reversed bias voltage from 0 to 30 V, while the simulated tuning
frequency shifted to the up slightly and wider notched band for high frequency range. The small
discrepancies can be attributed to the variation in the parameters from the values in the varactor diode
data sheet and inaccuracies in the fabrication, assembly, and measurement processes.
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Figure 10. Reflection coefficient of the proposed tunable DRA: (a) simulation and (b) measurement.

The far-field radiation characteristics under four continuously changing reverse bias voltages are
demonstrated in Figure 11. The radiation patterns in xoz-plane and yoz-plane have good symmetry,
and in xoy-plane change for the offset feed network. All the patterns were quite similar at different
principle planes when the antenna is in its tunable band-notched state. The realized gain values of
the proposed antenna at one given dual rejected-band state with voltage of 0 V were also obtained:
2.06 dBi (3.9 GHz), 2.23 dBi (4 GHz), 3.2 dBi (8 GHz), and 4.14 dBi (10.6 GHz). The measured results
validate the simulated performance characteristics of the dual band-notched rectangular DRA.

Performance comparisons between the proposed dual band-notched DRA and previously relevant
literatures for DRAs are listed in Table 3. It can be found that a DRA with wideband of 8.7 GHz and
a stopband response of 5.15-5.828 GHz was proposed first, which is based on a DR excited with a
monopole antenna and a ring resonator in [13]. In [14], the DRA consists of an L-shaped parasitic
strip, and a thin monopole antenna is proposed to achieve a bandwidth of 9.05 GHz along with a
notched band of 5.71-6.32 GHz. Moreover, a dual band-notched DRA with U-shaped feedline is
realized by embedding a stub and a inverted T-shaped parasitic strip. Slots in the patch connected the
feed for DRA, and are used for generating corresponding rejected band in [16] and [17]. However,
these designs cannot adjust corresponding notched frequency continuously. The proposed DRA in this
paper exhibits not only the characteristic with dual notched bands, but also with tunableness.
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Figure 11. Normalized radiation pattern of the proposed DRA at 4 GHz: (a) 0V; (b) 1.5V; (c) 5.0V;
and (d) 30.0V.
Table 3. Performance comparison with other band-notched DRAs.
Ref. Feed Technique Wideband Range (GHz)  Notched-Band Range (GHz)  Notched-Band No.  Tunable Characteristic
[13] Probe 2-10.7 5.15-5.828 1 No
[14] Microstrip 3.05-12.1 5.71-6.32 1 No
. . 3.22-4.06
[15] Microstrip 3.03-12.52 484596 2 No
[16] Probe + Patch 3.6-12 5.1-6 1 No
Coplanar 3.35-3.8
(7 Waveguide 3.1-106 5.1-6.1 2 No
. . 5.3-5.84
Our work Microstrip 3.71-11.27 8.74-8.98 2 Yes

4. Conclusions

A reconfigurable dual band-notched DRA is designed and implemented by integrating SMV1405.
The wideband characteristic for the proposed DRA is put down to rectangular DR, offset stepped
impedance microstrip, and defected ground plane. The inverted U-and [li-shaped resonators are
etched in the feedline for generating two notched bands, and the varactor diode between them is used
for adjusting the notched bands. The simulated and measured results show that it is a cost-effective
solution for DRA to achieve dual-notched-band and tunable characteristic. Currently, the proposed
antenna is capable of adjusting the rejected band among 5.3-5.84 GHz and 8.74-8.98 GHz. Additional
future work will focus on developing the notch band range for meeting specific application scenario
by changing resonator dimensions in the feedline and exploring more wide tunable range by high
performance resonators and varactors. It is worth mentioning that the notched bands are arbitrary
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designated, and the proposed tunable design can be rescaled with the dimension of resonator and
applied straightforwardly to other rejected bands of interest.
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