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Abstract. This paper demonstrates a completely new technique to obtain high-selective ﬁltering response of a
rectangular dielectric resonator antenna (DRA). The proposed ﬁltering antenna mainly composed of a rectangular DRA driven by a stair shaped slot on the ground plane and a feed line with multiple bandstop characteristics. Two pairs of band-rejection resonators with dissimilar resonant frequencies is integrated in the 50 Ohm
microstrip line to generate four transmission zeros on either side of passband which offers the ﬁltering response
for the rectangular DRA. Just by inserting two identical pair of band-rejection resonators in feed below the
ground plane, the proposed DRA exhibits a consistent broadside gain response in passband with skirt selectivity
at both upper and lower band-edge with four radiation nulls. Three distinct resonance frequencies of TE111
mode are excited in close proximity within the DRA due to the different loading effect of band-rejection
resonators in the feed, enhancing the operating bandwidth of antenna to 11.8%.
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1. Introduction
Due to high demand of wireless communication, the
research interest on microwave components is increasing
signiﬁcantly in the past few decades. Antenna and ﬁlter are
considered as indispensable components for RF-transmitter
and receiver system [1–3]. To remove the losses and make
a compact structure, co-design approach of ﬁlter and
antenna is grabbing attention among researchers. Co-design
approach eliminates the requirement of matching circuit
leads to the simpler design, maximize performance and
save space. In this approach the antenna feed network is
modiﬁed efﬁciently to get ﬁltering antenna responses
without degrading the antenna performance [4]. Multiple
studies have been carried out on metallic antenna such as
patch antenna, slot antenna to acquire the ﬁltering response
[5–8]. A simpliﬁed architecture is demonstrated by mutual
synthesis approach to optimize the impedance of antennaﬁlter sub-system in [9]. An open loop resonator based three
pole band pass ﬁlter (BPF) is used to achieve the ﬁltering
response of a printed monopole antenna in [10]. In [11], an
ultra- wide band (UWB) arc-slot antenna is cascading with
an UWB ﬁlter to embellish the sharp selectivity beyond
passband. In [12], a ﬁltenna is implemented by integrating a
capacitive loaded loop (CLL) resonator BPF with a vivaldi
*For correspondence

antenna. A ﬁltering patch radiator is designed by combining
a third order BPF with a rectangular patch in [13]. Multiple
stub loaded resonator is integrated with the feed line of the
slot antenna to get ﬂat gain response with sharp band-edge
characteristics in [14]. A few research groups demonstrated
achievements on ﬁltering DRA very recently. Accessibility
of different type of dielectric material, absence of conduction loss, multiple excitation scheme, high radiation
efﬁciency makes dielectric resonator antenna (DRA) as
most promising replacement of lossy metallic antenna for
high frequency application [15, 16]. A high gain ﬁltering
DRA is designed using parasitic strips in [17]. A cylindrical
stacked DRA is used to achieve a broadband ﬁltering
antenna in [18]. They considered the higher order mode of
DRA to accomplish broadband in above mentioned works.
Hybrid microstrip feeding technique and hybrid coaxial
feeding technique are chosen to obtain ﬁltering DRA in
[19, 20]. A DRA with isotropic gain response has been
featured very recently [21] by HU et al with 7% impedance
bandwidth. A ﬁltering circular polarized antenna is also
depicted with two radiation zeros in [22]. Liu et al reported
a linearly polarized and circular polarized ﬁltering antenna
by inserting conducting loop inside a cylindrical DRA in
[23]. Silver plated slots are inserted inside the DRA to
achieve ﬁltering characteristic in [24]. A third order ﬁltering feed network is integrated with a rectangular DRA to
achieve ﬁltering gain response in [25].
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Figure 1. Schematic view of the proposed DRA along with
HSFN.wf = 2.2, wr = 1, lr1 = 20.4, lr2 = 13.6, sr1 = 8.5, sr2 = 4.5, a
= 0.75, la1 = 16, la2 = 17.02, wm = 2.6, lm = 16.2. (Unit: mm).

In most of the above mentioned worked either bandpass
ﬁlter (BPF) is integrated with the feed line or the hybrid
feeding technique is used to obtain the ﬁltering performance
of the antenna. A high-selective ﬁltering rectangular DRA is
ﬁrst time reported in this paper by integrating band-rejection
resonators in the feed line. Multiple transmissions zero are
created deliberately in either side of the passband by inserting
two pair of band-rejection resonators in the microstrip feed
line. The rectangular DRA is energized through a stair shaped
slot via the above-mentioned feed line. The ﬁltering DRA
operates from 3.12 GHz to 3.51 GHz with four radiation nulls
at 2.52 GHz, 2.78 GHz, 3.70 GHz, 4.0 GHz. The proposed
design offers almost ﬂat broadside gain of 5.6 within the
operating band. Radiation nulls can be controlled as per
requirement by varying the resonator length without affecting the radiator. Detailed design analysis of generation of
four transmission zeros through band-rejection resonators
pairs is also demonstrated in the paper.

2. Illustration of the high-selective ﬁltering DRA
Construction of the high-selective ﬁltering DRA is
demonstrated in this segment.

Figure 2. Topology for generation of (a) single TZ and
(b) double TZs.

2.1 Design of high-selective ﬁltering DRA
Figure 1 illustrates the design conﬁguration of the proposed high-selective ﬁltering DRA. A rectangular DRA
with dielectric permittivity (er) = 10 and loss tangent =
0.002 is positioned on the top of the ground plane of a
rectangular substrate. The resonance frequency of rectangular DRA excited in TE111 mode can be calculated
using (1) based on dielectric waveguide model (DWM)
[16]:
fo ¼

c qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
pﬃﬃﬃﬃ kx2 þ ky2 þ kz2 ;
2p er

pp
where kx ¼ mp
Ldr ; kz ¼ 2Hdr ;

ð1Þ
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The rectangular DRA having a height (Hdr) = 15.3 mm and
length = width (Ldr) = 18.5 mm operates in TE111 mode at
the center frequency of 3.27 GHz. A double-sided copper
cladded low loss dielectric material with dielectric
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permittivity = 2.7, thickness (hst) = 0.79 mm, length (lst) =
45 mm and width (wst) 42.3 mm is used as substrate. A stair
shaped slot is etched on the top layer of the substrate in
order to excite the DRA in TE111 mode. The stair shaped
slot is chosen as it offers good impedance matching.
A high-selective feed network (HSFN) with multiple
transmission zeros is printed on the bottom side of the
substrate to energise the slot. A relevant length of microstrip line (lm ) is considered such that maximum energy
transfer to the DRA via slot. All the dimension of the
proposed conﬁguration is mentioned in ﬁgure 1. Three
distinct resonant frequencies of TE111 mode excited in
close proximity within the DRA due to different loading,
can be certainly veriﬁed from the E-ﬁeld distributions as
stated in the results and veriﬁcation section.

2.2 Design methodology of high selective feed
network (HSFN) with multiple transmission zeros
(TZs)
A dual-armed open-stub resonator is used in [26] to design
a bandpass ﬁlter. This methodology is adopted in our work
to generate multiple TZs in the feed network. Design
analysis for the generation of multiple TZs are summarized
in the ﬂowing steps:

Figure 3. Frequency responses of the HSFN along with layout
and equivalent circuit representation.

Step 1: A quarter wavelength band-rejection resonator
(R1) can easily generate a TZ and it is represented by a
series L-C resonator. Resonant frequency of TZ is
evaluated from L-C value. Figure 2(a) shows the response
of the resonator both in electromagnetic (EM) simulation
and circuit simulation. The L and C are chosen 6.5 nH and
0.55 pF for TZ at 2.65 GHz.
Step 2: Two quarter wavelength band-rejection resonators
(R1 and R2) of different length can be used to generate
two TZs and it is represented by two series LC resonators

Figure 4. Comparison of frequency responses of the Conventional DRA and the High-Selective Filtering DRA.
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Figure 5. Simulated broadside gain response of the High-Selective Filtering DRA for different values of (a) lr1 and (b) lr2.

Figure 6. Simulated E-ﬁelds variation within the DRA.

Figure 8. Surface current distribution in the high -selective
ﬁltering network (HSFN) at 4.5 GHz.

Figure 9. Fabricated prototype of the proposed DRA.
Figure 7. E-ﬁeld variation within (a) conventional DRA and
(b) High-selective Filtering DRA at 4.5 GHz.

in parallel as shown in ﬁgure 2(b). The resonant frequencies of the two TZs are determined from the equations (3)
and (4):
1
xzl ¼ pﬃﬃﬃﬃﬃﬃﬃﬃﬃ
Ll Cl

ð3Þ

1
xzu ¼ pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
Lu Cu

ð4Þ

For the TZs at 2.65 GHz and 4.05 GHz, the values of L
and C are chosen as: Ll = 6.5 nH, Cl = 0.55 pF and Lu= 2.8
nH, Cu = 0.55 pF respectively. By properly positioning the
TZs, desired passband can be easily obtained.
Step 3: In third step, two pairs of quarter wavelength
band-rejection resonators (R1p and R2p) are used to obtain a
coupled conﬁguration as shown in ﬁgure 3 along with
S-parameter response. Four TZs are generated by using this
conﬁguration as evident from ﬁgure 3. Mixed coupling
(both electric and magnetic coupling) is responsible for
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Figure 11. Simulated and Measured radiation pattern of the
proposed DRA at (a) 3.14 GHz, (b) 3.3 GHz and (c) 3.48 GHz.
Figure 10. Response of the proposed DRA (a) S11 and
Efﬁciency, (b) Gain.

multiple TZs as mentioned in [27]. Equivalent circuit representation of the coupled conﬁguration is shown in ﬁgure 3, where Lm arise due to magnetic coupling and the
electric coupling between the resonators gives rise to the
capacitors Ce1 and Ce2. By carefully adjusting the equivalent coupling parameters (Lm=1.5 nH, Ce1=0.04 pF and
Ce2=0.01 pF), four transmission zeros can be allocated at
desired positions.

3. Results and veriﬁcation
3.1 Analysis of multiple radiation nulls
A comparative study is demonstrated here between conventional slot-coupled DRA (Conv. DRA) and the proposed
high-selective ﬁltering DRA. S11-plots are presented in
ﬁgure 4 (a) and it is evident from ﬁgure that Conv. DRA
resonates at 3.27 GHz. On the other hand, different loading
effect caused by the HSFN leads to resonate the proposed
ﬁltering DRA at three distinctive resonant frequencies in
close proximity. S11 of the proposed design touches nearly

0 dB beyond pass-band which ensures skirt ﬁltering performance. The gain response demonstrated in ﬁgure 4(b) further substantiates the ﬁltering nature of the
proposed antenna. No sharp dropping in gain is observed
outside the operating band for the Conv. DRA. Whereas,
the introduction of the HSFN inevitably surges the frequency selectivity of the DRA. A sharp transition in the
gain response of antenna ahead of the passband is easily
discernable with four radiation nulls at RN1 = 2.52 GHz,
RN2=2.78 GHz, RN3=3.70 GHz and RN4 = 4.0 GHz. The
two nulls i.e. RN1, RN2 at lower band-edge occur due to the
presence of transmission zero generated by band-rejection
resonator pair (R1p) whereas the other two nulls i.e. RN3,
RN4 at upper band-edge occur due to the presence of
transmission zero generated by band-rejection resonator
pair (R2p). Negligible amount of energy transferred to the
DRA from feed line at those frequencies, produces the nulls
in the gain response [17].
Radiation Nulls of the DRA can be positioned at suitable locations as per requirement just by varying the length
of band reject resonator pairs (R1p and R2p). From ﬁgure 5(a), it is clear that the frequency selectivity at lower
band edge can be adjusted by varying the length of R1p. As
lr1 changes from 20.4 mm to 19.1 mm, nulls at lower band

LBE:2.52-2.98 GHz
UBE:3.48-4.18 GHz
N.A
N.A

edge varies from 2.52 GHz to 2.98 GHz but selectivity at
upper band edge remain intact. Figure 5(b) shows the gain
response for different lengths of lr2 (14.6 mm to 13.1 mm).
Both the radiations nulls at upper band edge shift positions
from 3.48 GHz to 4.18GHz but no changes are observed in
lower band edge. The launching of TE111 mode within the
rectangular DRA is conﬁrmed for all three frequencies
within the passband from the simulated E-ﬁelds as depicted
in ﬁgure 6, which ensure broadside radiation throughout the
passband. The high -selective ﬁltering network (HSFN) has
two transmission poles which is integrated with the DRA,
produced different loading effect on the resonant mode of
the DRA in the passband and the fundamental mode frequency is split and slightly deviated from each other. Hence
the composite system produced a triple pole response.

As the aspect ratio of RDRA governs the resonant frequency of different modes, the conventional DRA also
resonates at higher-order mode at nearly 4.5 GHz, as shown
in ﬁgure 4(a). The electric ﬁeld distribution plot in ﬁgure 7(a) verify that the conventional DRA resonates in
higher-order mode at 4.5 GHz. But the integration of high
selective ﬁltering network (HSFN) eliminates the higherorder mode, as it resides outside the passband of the HFSN.
The electric ﬁeld distribution plot in ﬁgure 7(b) veriﬁes that
almost no energy is coupled to the DRA at 4.5 GHz when
HSFN is integrated with the DRA’s feedline. Surface current distribution in the feedline of the proposed DRA at 4.5
GHz is plotted in ﬁgure 8. As shown in the ﬁgure, current
mainly concentrates in high -selective ﬁltering network
(HSFN), a negligible amount of energy can be coupled to
the DRA through the coupling slot at 4.5 GHz.
k0 free space wavelength, LBE lower band-edge, UBE upper band-edge.

N.A

3.2 Higher Order Mode Elimination

Controling
Range of RNs

Centre frequency
(f0), Bandwidth
xk0yk0
Avg. Gain
No. of RNs
Controlling
Scheme of RNs

4.92 GHz
20.3 %
1.2390.82
9.05 dBi
2
Different
length of parallel strips

No Individual
Controlling

Rectangular
Band-rejection
Resonator Pair
3.31 GHz
11.8 %
0.4790.44
5.6 dBi
4
Varying length of
band-reject resonator
Rectangular
Semi-elliptical
shaped bandpass ﬁlter
8.15 GHz
6.13%
1.00590.95
5.33 dBic
2
N.A
Rectangular with slots
Silver Coated Slots and
Non-radiating TM111 mode
4.17 GHz Extremly Narrow
(\100 MHz)
0.6590.61
4.8 dBi
2
Varying the
silver coated slots

Rectangular
Hybrid feed Using
con-formal strip
1.965 GHz
21.9 %
0.4490.44
5.1 dBi
2
Changing
length of
microstrip stubs
LBE:1.5 -1.6 GHz
UBE:2.2-2.33 GHz
Complex
Parallel Strips
DRA Shape
Mathod of Filtering

[Ref], Year

[17], 2016

[22], 2018
[24], 2019

Cylindrical
Microstrip Stubs
of different length
2.4 GHz
7%
Circular (dia=0.204 k0)
3.05 dBi
2
N.A
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[19], 2018

[21], 2019

This Work
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Table 1. Performances of the DRA with Filtering Characteristics.
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3.3 Measurement veriﬁcation
The feed network is constructed on Arlon AD270 laminate
and the DRA is implemented from ECCOSTOCK Hik
ceramic as displayed in ﬁgure 9. Little amount of adhesive
is used to attach the DRA with the substrate. A vector
network analyser manufactured by Agilent with model no:
N5230A is used to perform the S-parameter measurement.
Measured result coincides with simulation result. The
antenna operates from 3.12 GHz to 3.51 GHz (bandwidth=11.8%) as shown in ﬁgure 10(a). A consistent
broadside gain in passband with a peak value 5.81 dBi is
achieved from fabricated prototype as depicted in ﬁgure 10(b). The sharp plunge in gain below -28.5 dBi, -29.2
dBi, -26.6 dBi and -24.6 dBi at 2.5 GHz, 2.8 GHz, 3.7 GHz
and 4.0 GHz respectively, experimentally validate the
existence of four radiation nulls in gain vs frequency
response of the proposed design. Out of band suppression
of lower than 28 dB from peak value is achieved in
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measurement both in lower and upper band edge. The
radiation efﬁciency of the ﬁltering DRA as a function of
frequency is depicted in ﬁgure 10(a). The radiation efﬁciency plot also conﬁrms the ﬁltering response. It can be
observed that the efﬁciency remains stable approximately at
90% within passband. It drops sharply beyond passband.
Three resonance dip at 3.1 GHz, 3.3 GHz and 3.45 GHz are
chosen to examine the broadside radiation characteristics of
the DRA.
The radiation beams pattern in E-plane (u = 0°) and
H-plane (u = 90°) are shown in ﬁgures 11 (a)-(c) for
those three frequencies. TE111 mode of an RDRA radiate
like a short magnetic dipole in the broadside direction
[16]. Measurement results verify that the main beam is
pointed in broadside with a beamwidth of 90° in E-plane
and 110° in H-plane. Over the operating band, co-tocross-pol isolation is greater than 30 dB both in E-plane
and H-plane. The comparison of ﬁltering technique along
with some notable performance of different ﬁltering DRA
are summarized in Table 1. It can be comprehended from
the table that our design provides high selectivity with
maximum number of radiation nulls. The footprint
(xk0 9 yk0) of our design is optimum compared to the
most of designs tabulated in Table 1. The proposed
design has offered a wide controlling range of radiation
nulls individually at lower and upper band-edge compared to the other designs.

4. Conclusion
A high-selective ﬁltering DRA with multiple radiation nulls
have been introduced and the performance characteristics
have been veriﬁed experimentally. First, a highselective
feed network (HSFN) is modeled using practically realizable simple quarter wavelength band-rejection resonators
pairs and its performance is veriﬁed both in circuit simulation and EM-simulation. Next, by integrating this HSFN
with an aperture coupled DRA, four controllable radiation
nulls are generated both side of passband edge producing a
sharp ﬁltering performance. Footprint of the proposed
structure is same as the conventional DRA. The proposed
structure yields 11.8% bandwidth with almost steady
broadside gain of 5.6 dBi and reasonably good skirt-behavior beyond passband with four radiation nulls. This
design could be a best ﬁt candidate for high demanding WiMAX and TD-LTE communication as it dodges the nearby
Wi-Fi bands.
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