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Abstract—In this paper, a novel compact high-gain multi-layer dielectric resonator antenna for ultra-
wideband applications is designed and fabricated. The proposed antenna employs a new technique to
make a notch-band for the frequencies within UWB. This technique helps avoid any interference for
bands like WLAN and X-band for satellite applications. In this design, several notch bands can get
at different frequencies by changing the length of slots. The operating bandwidth of this antenna is
between 4.8GHz and 11.31GHz with −10 dB return loss and maximum gain of 6 dBi. Finally, the
proposed antenna is fabricated and measured to validate the simulation results. The simulation results
are obtained by two different simulators; CST Studio suiteTM 2020 and HFSS 15 to ensure the validity
of the design results before fabrication. The fabricated antenna is measured using Agilent R&S Z67
VNA. There is a good agreement between the simulation and experimental results.

1. INTRODUCTION

For a long time, a dielectric resonator (DR) was used in microwave circuits as a filter or an energy
storage device. In the 1980s, the use of a dielectric resonator (DR) as an antenna was introduced [1, 2].
DRAs (dielectric resonator antennas) are gaining popularity due to several appealing features such as
light weight, wide bandwidth, ease of implementation, and high-power capability. The most important
advantage for the DRA over the other types of antenna is that DRAs achieved better efficiency and
good gain than other types of antenna due to the low conductor losses [3]. DRA can be designed with
several shapes such as cylinder, rectangle, sphere, triangle, and cone [3, 4].

DRA can be used at different frequencies for different applications, but the most use of DRA is in
ultra-wideband (UWB) applications Federal Communication Commission (FCC) defines the UWB range
from 3.1GHz to 10.6GHz [5–7]. This type of antenna is implemented for several applications such as
mobile satellite communication, telemetry, navigation, biomedical system, and wireless communication
applications including radar, sensor network, and global positioning systems (GPS) [8, 9].

Due to the wide bandwidth of the UWB antenna, there are some ranges in UWB that are already
occupied and may cause interference [9, 10]. These ranges must be rejected from the operating range
to avoid interference. To avoid bands like WLAN which is ranged from 5.15 to 5.875GHz and X-band
of satellite which is ranged from 7.25 to 7.85GHz [10], a band-notched antenna is applied. Several
techniques can be used to achieve the band-notched antenna such as adding resonators close to the
feedline or cutting slots within the feedline [11–14]. The technique of cutting two slots is performed by
having one slot as an open-ended quarter-wavelength slot from the feedline. This technique is used in this
proposed antenna to reject WLAN band and X-band of the satellite from the operating bandwidth [15].

This paper introduces a multi-layer rectangular dielectric resonator antenna with two patches,
single and parasitic to improve its results. This antenna is fed directly by using a microstripline.
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The optimized bandwidth and good matching of this antenna are achieved by using some additions in
this design such as parasitic patch and two stubs to increase the operating bandwidth from (5.2GHz–
10GHz) to (4.8GHz–11.31GHz). The impedance bandwidth of DRA is about 92% within a range from
4.8GHz to 11.3GHz. The antenna resonates at 7GHz and 9.6GHz. This antenna is fabricated in two
different cases: without notch and with dual notches. Also, the simulation results are obtained using
two simulation programs; CST 2020 and HFSS 15 to confirm the obtained results.

2. ANTENNA DESIGN AND CONFIGURATION

Figure 1 shows the design and configuration of a DR antenna. A rectangular multi-layer DR has
dimensions of (18.3× 14)mm3 and thickness of 1.27mm for each layer, made of RogerRO3010 material
with relative permittivity (εr) of 10.2 and dielectric loss-tangent (tan δ) of 0.002. The DR is printed on
an FR-4 substrate with a size of 30× 30mm2 and thickness of 0.8mm with relative permittivity (εr) of
4.4 and dielectric loss-tangent of 0.017. The ground plane is placed under the substrate on the backside
with dimensions of 30 × 11mm2. A rectangular patch is printed on the substrate and under the DR
layers with dimensions of 18.3 × 14mm2. An elliptical slot etched on the patch with a major radius
(R1) of 8.8mm and a minor radius (R2) of 6.8mm. In the proposed antenna, a parasitic patch is used
to improve the antenna performance such as gain and bandwidth. The parasitic patch is located at the
middle of the DR layers with dimensions of 12 × 9mm2 to achieve optimizations. The DR antenna is
excited by using a microstrip line that couples the signal from the feeder to the antenna. The microstrip

(b) (a)

Figure 1. Rectangular DRA configuration.
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line has lengths (L1) of 4mm and L2 of 15.5mm. The proposed antenna is designed with dimensions
of 0.48λmin, 0.48λmin, and 0.018λmin at the minimum frequency of the operating range. Two stubs are
placed close to the feedline to improve the antenna bandwidth.

Figure 2(a) shows plots of the return loss versus frequency for the proposed antenna by using
CST Studio suiteTM simulator for three different cases: without patch, with single patch, and with
parasitic patch. Applying a single patch, wider bandwidth is obtained, while adding a parasitic patch,
the bandwidth is optimized.

(a) (b)

Figure 2. (a) The return loss of the proposed antenna for three cases: without patch, with single
patch, and with parasitic patch. (b) The gain of the proposed antenna for three cases: without patch,
with single patch, and with parasitic patch.

Also, Figure 2(b) shows the gain of the antenna by using CST Studio suiteTM simulator for the
same three cases. Using a single patch, a higher gain is obtained. However, adding the parasitic patch,
the gain is improved.

Figure 3 shows the variation of the return loss versus frequency using CST Studio suiteTM simulator
by changing the major radius of the elliptical slot from 4.8mm to 8.8mm. Good matching and wide
bandwidth occur at r1 = 8.8mm. Figure 4 shows the variation of the return loss versus frequency

Figure 3. Variation of the return loss for the proposed antenna with several values of major radius
from 4.8mm to 8.8mm.
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Figure 4. Variation of the return loss for the proposed antenna with several values of minor radius
from 2.8mm to 6.8mm.

Figure 5. Comparison between return-loss curves obtained by CST and HFSS simulators.

using CST Studio suiteTM simulator by changing the minor radius of the elliptical slot from 2.8mm to
6.8mm. Good matching and wide bandwidth occur at r2 = 6.8mm. The optimization for the DRA
design is achieved with elliptical slot dimensions at r1 = 8.8mm and r2 = 6.8mm.

Figure 5 shows the return loss using CST Studio suiteTM simulator and 3D full wave electromagnetic
simulation software Ansoft HFSS. It shows that there is a slight shift between the two curves. The
antenna resonates at frequencies of 7GHz and 9.6GHz. The proposed DRA is fabricated as presented
in Figure 6.

Figure 7 shows the simulated and measured return losses (s11) of the DRA, and there is a slight
difference between the two curves. According to Figure 7, the simulated return loss achieves good
matching at frequency 9.6GHz with minimum return loss about −47 dB, and impedance bandwidth is
about 92%. The measured return-loss curve resonates at frequency 5.6GHz with minimum return loss.
The difference between the two curves is due to fabrication tolerances, and using multi-layer for DR
also causes an air gap between them. The SMA connector causes a slight difference as well because the
width of the feedline is very small compared to the connector.

3. NOTCH-BAND IMPLEMENTATION

There are narrow bands that need to be rejected from the UWB, called notch-band. This means that a
portion of the signal will be rejected from arriving the dielectric radiator part, to avoid interference and
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Figure 6. The fabricated antenna: (a) without dielectric resonator (DR), (b) layers of DR with parasitic
patch in the middle, (c) the compound DRA.

Figure 7. Simulated and measured return-loss
curves.

Figure 8. The feedline with the n-shape slot.

overlapping. These bands are already used in wireless communication technologies such as Wi-MAX
and WLAN satellite bands. The technique that can be used to reject a notch-band from the operating
bandwidth is to cut a slot from the feedline with n-shape as shown in Figure 8. The n-shape slot is
designed to reject a part of the signal at notch frequency. By changing the length of n-shape slot, the
notch frequency is changed to get the desired notch frequency. The average length of the slot is close
to a quarter of the wavelength. The open-ended quarter-wavelength slot makes LC circuit act as a
stopband filter.

The single advantage of this technique to design a band-notch in UWB is the relative flexibility
for implementation and fabrication. Figure 9 shows the changing in return-loss behavior with different
notch-bands by changing the n-shape slot length from 13 to 15mm using CST Studio suiteTM simulator.
The proposed antenna is designed at a slot length of 15mm and slot width of 0.6mm to get notch-band
at WLAN frequency to reject this band from the operating bandwidth. Figure 10 shows the return loss
versus the frequency using CST Studio suiteTM and Ansoft HFSS simulators. It is obvious that the
notch appears at the frequency of 5.4GHz within tolerance from 5GHz to 5.8GHz.
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Figure 9. Variation of return loss versus frequency with different lengths of the n-shape slot.

Figure 10. The return loss of the proposed
antenna with a single notch.

Figure 11. A-shape slot within the feedline.

4. DUAL NOTCH DESIGN

Another notch-band is obtained by cutting another slot from the feedline making the slot shape change
from n-shape to A-shape, as shown in Figure 11. By moving the position of the second slot up and
down, different notches with different frequencies can be achieved.

The dimensions of the second slot are 0.2mm×0.2mm. A-shape slot has a length of 17mm, width
of 0.6mm, and two arms width separation of 0.2mm.

Figure 12 shows the change in the return-loss behavior with different positions of the second notch-
band by changing the second slot position with keeping the position of the first notch-band, and this
figure is implemented by using CST Studio suiteTM simulator. The position of the second slot can
be changed until the notch appears at 7.8GHz within the range from 7.4GHz to 8.2GHz to reject
the X-band of the satellite from the operating bandwidth. Figure 13 shows the fabricated dual-notch
antenna. Figure 14 shows the simulated and measured return losses of the proposed antenna with
dual notches. There is a good agreement between them where the dual notches appear at 5.4GHz and
7.8GHz. However, there is a slight difference between the two curves because the SMA connector causes
overlapping on the slot in the feedline.

Figure 15 shows the gain of the DRA versus frequency using CST Studio suiteTM simulator for
three different cases: without notch, with single notch, and with dual notches. Figure 15 indicates
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Figure 12. Variation of the return loss versus frequency with different positions of the second slot
within A-shape slot.

Figure 13. Fabricated antenna with dual slots. Figure 14. Simulated and measured return-loss
curves with the dual-notch antenna.

Figure 15. Simulated realized gain for the
proposed antenna for three different cases.

Figure 16. Simulated efficiency for the proposed
antenna for three different cases.
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that the gain ranges from 4dBi to 6 dBi within operating bandwidth from 4.8GHz to 11.3GHz. The
maximum gain appears at the frequency of 10.2GHz. In the curve of one notch, the gain decreases to
0.5 dBi at a notch frequency of 5.4GHz. With dual notches, the curve of gain also goes down to −2.7 dBi
at notch frequency of 7.8GHz. Figure 16 shows the simulated efficiency versus frequency using CST
Studio suiteTM simulator for cases: without notch and with dual notches. It is noted from Figure 16
that the radiation efficiency of DRA without notch ranges from 80% to 90%. On the other hand, in
the case of dual notches, the curve decreases to 65% at notch frequency of 5.4GHz and reaches 27% at
notch frequency of 7.8GHz.

Figure 17 shows the simulated and measured curves for realized gain. It is noted from this figure
that the two curves are largely identical with slight difference at some frequencies.

Figure 18 shows the proposed antenna in radiation pattern room during measurement. Figure 19
shows the simulated and measured normalized far-field radiation patterns for the proposed antenna at
three different frequencies including 4.8GHz, 6.5GHz, 10.2GHz for H-plane (yz-plane) and E-plane
(xz-plane).

Figure 17. Simulated and measured realized
gains for the proposed antenna.

Figure 18. The proposed antenna with dual
notches in radiation pattern room.

Table 1. The comparison between the the proposed work and the recently published work.

Notch

(GHz)

Gain

(dBi)

Total area

(mm3)

Bandwidth

(%)

Operating

bandwidth

(GHz)

References

10.57 5–7 30× 25× 9 23% 12.558–9.97 [11]

No notch 3–3.9 27× 25× 6.8 71.7% 3.844–8.146 [15]

5.5 and 7.5
Peak gain

2.6
NA 85.1% NA [16]

No notch 2–4 70× 70× 11 126% 4–16 [17]

5.5 and 5.7
Peak gain

3.5
NA 109.4% NA [18]

No notch 5.5 to 7 140× 140× 5.8 72.3% 3.8–8.1 [19]

5.5
Peak gain

5
NA 107.69% NA [20]

5.4 and 7.8 4–6 30× 30× 5.08 92% 4.8–11.3 Proposed work
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Furthermore, the comparison between the proposed work and the recently published work in this
field is presented in Table 1.

E-plane H-plane

(a)

(b)

(c)

Figure 19. Normalized far-field radiation pattern at several frequencies in both E-plane and H-plane:
(a) 4.8GHz, (b) 6.5GHz, (c) 10.2GHz.
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5. CONCLUSIONS

A compact high-gain multi-layers UWB dielectric resonator DRA was designed and fabricated for
wireless applications with dual-band notch characteristics. The proposed design is simulated using CST
Studio suiteTM 2020 and HFSS simulators to verify the simulation results of the proposed antenna before
fabrication process. The performance of the proposed antenna is very sensitive to the variation of the
antenna parameters. So, the design parameters have been chosen carefully to ensure high performance
for the proposed antenna. The impedance bandwidth is about 92% for the operating range from 4.8 to
11.3GHz. The maximum gain is about 6 dBi. The dual-notch bands have a peak of −4 dB at notched
frequencies of 5.4GHz and 7.8GHz. The advantage of this design is the flexibility in designing and
implementing the DRA with dual-notch bands.
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