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Abstract—A filtering rectangle dielectric resonator antenna (DRA) with high band-edge selectivity is
proposed in this paper. The DRA is fed by a simple hybrid feeding structure consisting of a microstrip-
coupled slot on the bottom and a thin metallic strip on the side of DRA to excite the fundamental
TE31/51 mode. The feeding structure establishes a cross-coupled mechanism which includes electric and
magnetic coupling. This mechanism introduces two radiation nulls at the band edge without any filtering
circuits. By using the designed hybrid feeding structure, a bandpass filtering response is obtained. For
enhancing band-edge selectivity, a shorted stub is introduced to weaken the coupling between the two
microstrip stubs of the feeding structure. A wide impedance bandwidth of 19% and a flat gain around
5.6 dBi are realized. To validate the proposed design, a prototype is fabricated and measured, showing
a favorable agreement with the simulated results.

1. INTRODUCTION

Filters and antennas are fundamental components that are extensively used in wireless communication
systems [1]. As modern technologies are developing rapidly, miniaturization and integration are
significantly demanded for RF front-end receivers. Therefore, antennas integrated with filters called
filtering antennas are widely needed [2].

In recent years, there are mainly three methods for designing filtering antennas. One of the methods
is co-design scheme [3, 4]. In this way, filtering circuits and antennas are directly connected by using extra
impedance transformers, which inevitably increases the size and introduces extra losses. Additionally,
some designs are realized by using antenna radiators to replace the last-stage resonators of filters, and
the method is called filter synthesis approach [5,6]. However, these multiple resonators are big in size.
This method also needs to extract the external quality factor of the filters, which is complex in design.
The third method is called antenna fusion approach. Some special parasitic or resonant structures
are introduced into antennas, generating some radiation nulls and bandpass responses in the reflection
coefficient and gain curves of these antennas [7, 8]. One of the advantages of this method is that it does
not increase the sizes of antennas.

Dielectric materials can be used as radiators of antenna, which are called dielectric resonator (DR)
antennas (DRAs) [9]. DRAs have attracted much attention owing to their advantages such as low loss,
high efficiency and easy excitation [10, 11]. Recently, many filtering dielectric resonator antennas have
been proposed [12-16]. The first filtering DRA design was proposed in [12]. It introduced a pair of
separated slots, a pair of parasitic strips parallel to the microstrip line and an extended microstrip
line to generate two radiation nulls. The filtering function was implemented by introducing a filtering
balun and a four-leaf-clover which was shaped to generate out-of-phase E-filed inside the DRA [13].
In [14,15], hybrid feeding structures were introduced to establish cross coupling to generate radiation
nulls. Moreover, a compact quasi-isotropic DRA with a filtering response was proposed in [16]. Two
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radiation nulls were generated by utilizing a slot and two stubs with different sizes. However, the
band-edge selectivity of the above designs were poor which influences the filtering characteristics.

Based on previous research, a filtering rectangle dielectric resonator antenna with high band-edge
selectivity is proposed in this paper. It is fed by a simple hybrid feeding structure consisting of a
microstrip-coupled slot and a thin metallic strip. The metallic strip can establish the electric coupling
while the microstrip-coupled slot establishes the magnetic coupling. The feeding mechanism excites
the fundamental TE%1 mode of a rectangle dielectric resonator. The connecting structure between
the thin metallic strip and the two open stubs is utilized to establish cross coupling to generate two
radiation nulls at the edges of its passband. Another shorted stub is introduced to improve the band-
edge selectivity. As a result, a DRA with a bandpass filtering response is realized without any filtering
circuits. Also, the reflection coefficient and broadside gain at the band edges show a good roll-off rate,
while a flat gain around 5.6 dBi in the passband is obtained for the proposed DRA.

2. ANTENNA CONFIGURATION AND MECHANISM

2.1. Antenna Configuration

The configuration of proposed DRA is shown in Figure 1. Its radiating structure is a rectangular
dielectric resonator with side length L, height h, and high relative permittivity ,;1 = 9.5. The substrate
of the antenna is with side length G, height hg, and relative permittivity .0 = 3.38. The DRA is
fed by a hybrid feeding structure consisting of a thin metallic strip and a microstrip-coupled slot. In
Figure 1(a), the thin metallic strip with length [y and width w is on the sidewall of DRA, which
establishes the electric coupling. As shown in Figure 1(b), three stubs with lengths l51, ls2, ls3 and
widths wg1, wse, wss are located at the bottom layer of the substrate and connected to a stair-shaped
microstrip feedline. The middle stub is shorted to the ground at its end through a shorted via. The
stair-shaped microstrip feedline is used for better impedance matching. The gaps between the three
stubs are g1 and ¢gs. Besides, a metallic ground plane with the same size of the substrate has a slot with
width w, and length [, which is located at the top layer of the substrate. The coupling slot and the two
open stubs establish the magnetic coupling. Both the dielectric resonator and the coupling slot are in
the middle of the metallic ground plane. By keeping the slot dimensions electrically small, the amount
of radiation spilling beneath the ground plane can be minimized [17]. Besides, a via in the substrate
is used to connect the microstrip feedline and the thin metallic strip. The parameters of the proposed
DRA are shown in Table 1.
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Figure 1. Configuration of the rectangular dielectric resonator antenna. (a) Thin metallic strip (electric
coupling path) and (b) microstrip-coupled slot (magnetic coupling path).

2.2. Simulated Results

The simulated results of antenna performance are conducted by HFSS. Figure 2 shows a comparison
of the reflection coefficient and realized broadside gain between a conventional feeding DRA and the
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Table 1. Parameters of the proposed antenna (units: mm).
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Figure 2. The simulated reflection coefficients and realized broadside gain of the conventional DRA
and the proposed DRA.

proposed filtering DRA. The bandwidth is greatly widened (from 7.4% to 19%) by increasing from one
resonant point to two when the hybrid feeding structure is introduced. Meanwhile, two radiation nulls
are introduced at 1.67 and 2.15 GHz, generating bandpass filtering responses. It can also be seen that
the realized broadside gain curve in the passband becomes an almost flat line (around 5.6 dBi), which is
related to the broadened impedance bandwidth. The change rates of gain at higher and lower band-edge
are 31.5dB/80 MHz and 30 dB/65 MHz respectively. The shape factor representing the steepness of the
change in the frequency response is introduced to evaluate the filtering performance of antenna, which
is greater than or equal to one and the less the better [18]. The shape factor (K = Af_s545/Af-34B)
of the proposed antenna is 1.17. The broadside gain of the proposed antenna shows high band-edge
selectivity.

2.3. Analysis of the Radiation Nulls

By introducing cross coupling between non-adjacent resonant units, zero poles at specified frequencies in
filters are realized. This method can also be applied to design filtering antennas. The transfer function
of a cascaded trisection filter could be expressed as

1
ool = VTR W
1/Q0i
F,(92) = cosh Zcosh (1 —Q/Qm) (2)

where y is the ripple constant, ) the frequency variable of the lowpass prototype filter, €2,; the ith
attenuation pole, and n the degree of the filter [19].

The conventional cascaded trisection can generate only one radiation null at the lower or the
higher side of passband forming asymmetric filtering characteristics [20]. By introducing two different
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Figure 3. The equivalent coupling topology of  Figure 4. The phase-shifting of a signal while it
the hybrid feeding structure. goes through the resonator.

cascaded trisections to generate two radiation nulls, symmetrical filtering characteristics are obtained in
this design. As shown in Figure 3, © represents the source sign, [ rebresents the thin metallic strip on
the side of the DR, [rebresents the shorter open stub on the bottom of the substrate, [rebresents the
longer open stub and [ represents the DR. Besides, the shorted stub is used for reducing the coupling
between the two open stubs to improve the band-edge selectivity.

The microstrip line establishes the electric coupling while the microstrip-coupled slot establishes
the magnetic coupling. The source signal is coupled to [L_II_ahd [thlrough the electric coupling. Then,
R1 is coupled from [td [tHrough the electric coupling, while R2 and R3 are coupled from [od [fd
[rekpectively through the magnetic coupling. Among them, R1 carries half of the total energy, while
R2 and R3 carries a quarter of the total energy respectively. It is safe to say that the electrical coupling
brings a phase shift of 490°, while the magnetic coupling brings the phase shift of —90° [20]. Figure 4
shows a phase shift generated by a parallel resonator. At frequencies lower than the resonant frequency
fo, the phase shift generated by the signal passing through the resonator is +90°. At frequencies higher
than the resonant frequency fy, the phase shift is —90°.

When signals of different frequencies are input, the phase shifts generated by different coupling
paths in Figure 3 are shown in Table 2. At frequencies around 1.67 GHz, the phase shifts generated
by R2 and R3 are both 90°. The coupling field from R2 and R3 carries half of the total energy. In
addition, the coupling field from R1 carries half of the total energy and 270° phase shift. The coupling
fields are of equal amplitude and out-of-phase. Therefore, a radiation null is generated at 1.67 GHz. At
frequencies around 1.85 GHz, R2 and R3 generate 90° and —90° phase shifts, respectively. The signal
coupled by R2 and R3 is of equal amplitude and out-of-phase. In this situation, no matter how many
phase shifts are generated by R1, no radiation null can be generated. At 2.15 GHz, it is similar to
1.67 GHz. R1 generates a 90° phase shift, R2 and R3 both generate a —90° phase shift. Thus, another
radiation null is generated at 2.15 GHz.

Table 2. Phase shifts of different frequency.

Frequency Phase Shifts of R1 Phase Shifts of R2 Phase Shifts of R3

1.67 GHz +90° 4+ 90° 4 90° = 270° +90° +90° —90° = 90° +90° +90° —90° = 90°
1.85GHz | +90° (+/ —90°) +90° = 270°/90° | +90° +90° —90° =90° | 4+90° —90° — 90° = —90°
2.15 GHz +90° —90° 4+ 90° = 90° +90° — 90° — 90° = —90° | +90° —90° — 90° = —90°

For verification of the analysis above, the radiation nulls of the following cases are analyzed as
shown in Figure 5: (a) Ant.1: the longer open stub only, (b) Ant.2: the shorter open stub only, (c)
Ant.3: the longer and shorter open stubs, (d) the proposed DRA with two open stubs and a shorted
stub. Considering the matching issues, the directivity is discussed instead of the realized gain as shown
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Figure 5. The structure of the bottom of the reference antennas. (a) Ant.1, (b) Ant.2 and (c) reference
Ant.3.
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Figure 6. The simulated directivity of the reference antennas and the proposed filtering DRA.

in Figure 6. Ant.1 does not have R2 path in Figure 3, where R1 and R3 share the energy equally.
According to Table 2, R1 and R3 generate equal amplitude and out-of-phase electric fields of 270° and
90° respectively at the radiation null around lower band-edge. Similarly, Ant.2 has no R3 path, where
R1 and R2 share the energy equally. R1 and R2 generate equal amplitude and out-of-phase electric
fields of 90° and —90° respectively at radiation null around higher band-edge. Ant.3 combines Ant.1
and Ant.2 to form two different cascaded trisections, which can generate two radiation nulls at the
edge of the passband. However, the radiation null at the higher band edge is shifted from 2.06 GHz to
2.17 GHz, which is due to the influence of the longer open stub on the shorter open stub. By adding
a shorted stub to form the proposed DRA, the shorted stub isolates the current between the two open
stubs, which weakens the coupling of them in Figure 7. The radiation null at the lower band edge
shifts upward while that at the higher band edge shifts downward. This method makes the gain of

filtering DRA at the band edge have a big roll-off rate. Therefore, the proposed filtering DRA shows a
characteristic of high band-edge selectivity.
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Figure 7. The simulated surface current distribution on the stubs. (a) 1.67 GHz and (b) 2.15 GHz.
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Figure 8. The simulated vector E-filed distribution inside the proposed DRA. (a) 1.72 GHz and (b)
2.07 GHz.

Figure 8 shows the internal electric field of the proposed DRA at different resonant points. It
can be seen that the proposed DRA works in the fundamental TE@{(;1 mode of the rectangular DR at
the two different resonant frequencies of 1.72 GHz and 2.07 GHz. Two fundamental modes of different
frequencies appear due to the perturbation effect of the stubs.

2.4. Parameters Studies

According to the above analysis, the two open stubs with different lengths can adjust the frequencies of
the radiation nulls. For verification, the realized broadside gain for different lengths (I51) of the longer
open stub is shown in Figure 9(a). The radiation null at lower band-edge shifts downward with the
increasing ls1. Similarly, the radiation null at higher band-edge shifts downward with the increasing
ls2 of the shorter open stub as shown in Figure 9(b). This is in line with the proposal in the previous
section: The radiation null at the lower and the higher band edges can be controlled by the longer and
the shorter opened stub respectively. Regarding the impedance matching situation, lg; = 29.6 mm and
lso = 22.1 mm are finally selected, thus generating two radiation zeros at 1.67 GHz and 2.15 GHz.
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Figure 9. The effects of different stub length on the simulated realized gains. (a) The longer open
stub and (b) the shorter open stub.

3. MEASUREMENT RESULTS AND DISCUSSION

For substantiation, a prototype of the proposed filtering DRA is fabricated, as shown in Figure 10. The
parameters of the DRA are the same as those in Figure 1. The dielectric resonator consists of a piece of
dielectric using alumina ceramic and a thin plate with the same relative permittivity and loss tangent.
The thin strip is etched on the thin plate. The size of the dielectric is 45mm X 44mm x 17.5mm,
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while that of the thin plate is 45mm x 1mm x 17.5mm. The dielectric resonator was mounted on a
Rogers R4003C substrate by glue. The glue layer is also considered in the simulation.

Figure 11 shows the simulated and measured reflection coefficients and broadside gains of the
prototype. The measured reflection coefficients and broadside gain slightly deviate towards a higher
band with the same trend. The measured broadside gain in the passband has a bigger ripple compared
to the simulation. These differences are due to fabrication errors and the discrepancy of the relative
permittivity of the dielectric material. The simulated and measured results show that the filtering DRA
has a wide bandwidth of 19% and a gain with high band-edge selectivity.

Figure 12 shows the simulated and measured radiation patterns of the prototype at the two resonant

Figure 10. The

filtering DRA.
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Figure 12. Simulated and measured normalized radiation patterns of the proposed filtering DRA. (a)

1.72 GHz and (b) 2.02 GHz.
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frequencies (1.72 GHz and 2.02 GHz). The patterns are stable in the whole passband, where the co-
polarized level is stronger than the cross-polarized one by more than —35dB at § = (0°.

4. CONCLUSION

In this paper, a filtering rectangle dielectric resonator antenna with high band-edge selectivity is
proposed. The proposed DRA is fed by a hybrid feeding structure, which excites two TEZ{(;1 modes
in different frequencies and realizes a wide bandwidth of 19% (1.71 GHz-2.07 GHz). Besides, the hybrid
feeding structure also establishes two different cascaded trisections which introduces two radiation nulls
beside the passband and also brings the filtering performance. By introducing a shorted stub, the
band-edge selectivity is enhanced. For substantiation, a prototype was fabricated and measured. The
results show that the gain and radiation pattern of the filtering DRA remain stable within the passband.
A reasonable agreement between the simulated and measured results shows the potential of proposed
antenna in wireless communication systems.
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