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Abstract— In this manuscript, a novel hybrid dielectric resonator
antenna for ultra wideband (UWB) applications is designed, and
single band notched performance is proposed. The circle radiating
patch is printed on the FR4 substrate of 1.64 mm thickness and loss
tangent tand =0.02, and is fed by the coplanar waveguide. The size
of the UWB antenna was minimised to 50-40 mm?. The cylindrical
dielectric resonator (CDR) was used to broaden the bandwidth and
achieve an impedance bandwidth of more than 113%, covering a
frequency range of 3.3 to more than 12GHz. WIMAX band notched
characteristics of the antenna to reject (3.2-3.8GHz) were realised
by etching a U-shaped slot in the radiating patch. The centre notch
frequency can be adjusted from 3.4 to 4.5 GHz by changing the
position of the CDR. The band notched characteristics, VSWR, and
radiation patterns were studied using the CST microwave
simulator and confirmed with the frequency domain ANSOFT high
frequency structure simulator (HFSS).

Index Terms— Cylindrical dielectric resonator (CDR), planar monopole,
band-stop function, U-shaped slot.

I. INTRODUCTION
Dielectric resonator antennas (DRAS) have received much attention in recent years due to their high

efficiency, small size, and low metallic losses. DRASs can be excited by different feeding mechanisms
with various shapes [1]. Moreover, various DRAs have been designed to focus on the bandwidth and
input impedance, and can be easily adjusted by varying the antenna specifications, e.g., choosing the
dielectric constant of the resonator material, dimensions, and feed mechanisms. Several researchers
have proposed broadening the operation bandwidth of a DRA with the use of different configuration
shapes, e.g., L-shaped, elliptical, T-shaped, and stair-shaped [2—6]. Another method using different
composite DRA structures has also been analysed [7-10]. Recently, band notched DRAs have been
designed to minimise interference between the ultrawide band (UWB) system and some narrowband
systems, such as WIMAX and WLAN. A reconfigurable band rejection antenna has also been
designed for different narrowband services operating inside 3.1-10.6 GHz [11,12]. Dual band DRAS
have been designed to produce notches in the WIMAX and WLAN bands by splitting a rectilinear DR
and etching some of the dielectric material [13]. Numerous techniques have been developed to create

band notched functions, such as using a strip near patch [14], quarter wavelength tuning stubs [15],
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fractal tuning stubs [16], and etching slots on the radiator, e.g., rectangle [17], C-shaped [18], U-
shaped [19], arc-shaped [20], Y-shaped [21],L-shaped [22],T-shaped [23], inverted S-shaped [24], H-
shaped [25], and n-shaped slots [26].

In this work, we present a novel simple UWB cylindrical dielectric resonator (CDR) antenna with
single band notched characteristics at 3.4 GHz (3.2-3.8 GHz). The rejected frequency was realised by
the dielectric resonator and etching a U-shaped slot quarter-wavelength on the circle radiation patch.
In this design, tuning of the notched centre frequencies is done by changing the length of the slot and
the position of the dielectric resonator. The simulation to optimize design is done using time domain
analysis tools from CST Microwave Studio which provides a wide range of time domain signal that
are used in UWB system. The numerical analysis of the software tools is based on Finite Difference
Time Domain (FDTD). For comparison purpose, HFSS in frequency domain where the numerical
analysis is based on Finite Element Method (FEM) is performed. The proposed antenna achieves an
impedance bandwidth from 3.3 to over 12 GHz with a return loss< —10 dB and presents the decrement
gain and efficiency radiation at approximately 3.4 GHz. The effect of the geometry of the antenna and
design principle with frequency band notch characteristics are simulated with the time domain CST
microwave simulator (MWS) in Section 2. The radiation pattern and simulation results of return loss
with two simulators using CST and HFSS software are presented in Section 3. Concluding remarks

are presented in Section 4.

Il. ANTENNA DESIGN

The geometry of the proposed antenna is shown in Fig. 1. The antenna was fabricated on an FR4
microwave substrate with relative permittivity €,s=4.4, dielectric loss tangent of 0.02 and thickness
h=1.64 mm. The CDR is made of DUPONT 943 material with a dielectric permittivity of 7.4 and a
loss tangent of 0.002. The dimensions of the CDR are Dy, = 14 mm, H,, = 6 mm. The CDR is excited
by a circle patch with diameter, a., of 6mm fed by the 50Q2 CPW with a signal strip width, W, of
2mm and a gap distance, g, of 0.3mm. A U-shaped slot with width t;= 0.3 mm is embedded on the
patch. A commercial computer simulation tool CST MWS was used to design the antenna. The

optimised parameters of the antenna are listed in Table 1.

TABLE 1. OPTIMISED DIMENSIONS OF THE PROPOSED ANTENNA

parameter (mm) parameter (mm) parameter (mm)

W 40 Lg 6.4 Hey 6
L 50 Leutr 4 €D 7.4
h 1.64 Leutz 13 L 9

€rs 4.4 ac 6 ts 0.3

W, 2 Pc=Pey 0.7
g 0.3 Dy 14
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Fig.1.Geometry of the CDR antenna.

A. Basic Antenna Design
In this section, the effects of the geometric ground and gap pc between the radiation patch and

ground are discussed. The parametric analysis of the proposed antenna has been carried out using the
CST MWS to achieve optimal results.

The ground plane has an important role in antenna characteristics. Fig. 2 shows the simulated Sy;
without the U-shaped slot and CDR when L is altered from 15 to 2mm while the other parameters
are fixed. It is clear that when Syjis less than —10 dB, the lower edge frequency of the bandwidth
decreases from 6.6 to 4.7 GHz, and the height edge frequency of the bandwidth also decreases. When
Leu= 2 mm, the height edge frequency of the bandwidth is 11.5 GHz and the resulting antenna offers
a broad impedance bandwidth of 84% for S;; less than -10 dB from 4.7 GHz to 11.5 GHz frequency
band. Fig.3 describes the simulated S;; for different values of Lyy. For Loy = 8 mm at 17 mm with
another fixed parameter, the lower edge of the band is shifted to 4.6 GHz. When L.,= 13mm, the

antenna performs with a wide bandwidth ranging from 5 to 12GHz.
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Fig.2. Simulated Sy; of the basic antenna (without slot and CDR) with L,=13 mm and different values of L.
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Fig.3.Simulated S,; of the basic antenna (without slot and CDR) with L =4 mm and different values of L.

The variations of the return losses for different values of the gap pc between the CPW ground and
radiation patch are shown in Fig. 4 with the other parameters fixed. The impedance bandwidth
improved when the distance pc was decreased. When decreasing pc from 1.7 to 0.2mm, the height
band increased from 9.4GHz to more than 12 GHz, and the lower frequency band was shifted from
4.2 to 5.4 GHz. This is due to the capacitive and inductive effects caused by the electromagnetic

coupling between the CPW ground and the radiation patch.
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Fig.4. Simulated Sy, of the basic antenna (without slot and CDR) with different values of p..

Fig. 5 illustrates the proposed antenna with and without the CDR. When the structure does not
contain the CDR, the antenna works from 5 to 12 GHz with 82% impedance bandwidth for reflection
coefficients< —10 dB. When the CDR is present, the lower band shifts to 3.3 GHz and the antenna
exhibits a sharp resonance dip of S;; is —35dB at 4.4 GHz and the height of the band shifts to more
than 12 GHz, achieving an impedance bandwidth of more than 113%. From the simulated results, it
can be concluded that the antenna with CDR provides better reflection coefficient performance to
cover the WIMAX band.
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Fig.5. Simulated results of the proposed antenna with and without CDR.
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B. Slot Analysis with CDR Antenna
The U-shaped slot determines the notched band that rejects the WIMAX band, and the designed

central frequency of the notch band function is to adjust the length of the slot which cuts to
approximately quart wavelength. The notched frequency is given by the dimensions of the band-

c 2
fnotch - 4’_Ls ’grs_‘_er (l)

Where Ls is the length of the U-shaped slot, ¢ is the speed of light in vacuum, and &5 and g, are the

notched feature as follows [27]:

relative permittivity of the substrate and the dielectric resonator, respectively. According to this
formula, to create the cutoff frequency in the WIMAX band, the length of the slot Ls will be reduced
by adding a dielectric material. The L, length simulation values are compared to the theoretical

predictions in Table 2.
TABLE 2. SIMULATIONS AGAINST THEORETICAL PREDICTION OF BAND-NOTCHED ANTENNA

Ls (mm) Predicted(GHz) Simulated(GHz)
10 3.08 3.45
3.42 3.62
3.85 3.94
4.41 431

_a/m o) ]
b
3.35
2.46
1.75
117
0.693
0.31
| S
a
[ a/m (o) |
56
44.2
34.7
27
20.7
15.6
11.5
8.15
5.44
3.24
1.45
0
R=p y
3D Maximum [A/m]: 417
Frequency: 35
Phase: . >
b
Fig.6.Current distribution at 3.4GHz.
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Fig. 6 shows the current distribution at the centre notched band. The dimension of the slot L= 9mm
[determined by formula (1)] corresponds to the notched band WIMAX. It can be seen that the current
is concentrated on the edge exterior of the slot (Fig. 6a), and the current paths around the straight slots
are in opposite directions (Fig. 6b). When the antenna is working at the centre notched band at
3.4GHgz, the outer slot behaves as a separator.

The impact of changing the distance p., between edge CDR and ground on the VSWR of the
antenna is shown in Fig. 7. When varying p., from 0.7 to 5.7 mm with fixed Ls, the frequency of the
notched band increases from 3.47 to 4.56 GHz. The centre frequencies of the notched bands can also
be adjusted by the length L (Fig.8). By decreasing Ls from 10 to 7mm, the notched band is shifted
from 3.45 to 4.31 GHz. The optimised value of Ls at which the proposed antenna rejects the whole
WIMAX band (VSWR > 2) with excellent notch features is 9 mm. The notch frequency depends on

the dimensions of the U-shaped slot as well as on the CDR position.
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Fig.7.Influence of the position of the CDR on the VSWR of the antenna.
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Fig.8.Influence of the length Ls on the VSWR of the antenna.

Brazilian Microwave and Optoelectronics Society-SBMO received 17 Dec 2017; for review 15 Jan 2018; accepted 17 Jul 2018
Brazilian Society of Electromagnetism-SBMag © 2018 SBMO/SBMag [@)ey | ISSN 2179-1074



Journal of Microwaves, Optoelectronics and Electromagnetic Applications, Vol. 17, No. 3, September 2018
DOI: http://dx.doi.org/10.1590/2179-10742018v17i31190 347

The parameter t, affects only the notched band and hence for simplicity, only the variation in the
notched band is shown in Fig. 9. The notch bandwidth increases when t, increases. When t,is changed
from 0.2 to 0.5 mm, the filter bandwidth is varied from 0.6 to 0.7 GHz.
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Fig.9.Effect of width ts on VSWR .
[11. RESULT AND DISCUSSION
The simulated VSWR plot of the proposed antenna is shown in Fig. 10. It is clear that the band
notch has been attained at the WIMAX band (VSWR > 2) and the results indicate a wide impedance
bandwidth from 3.3 to more than 12 GHz. The slight difference between the simulated results of CST

and HFSS is due to the different numerical techniques employed by the two softwares.
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Fig.10.Simulated VSWR of the proposed antenna using CST and HFSS software.
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Fig.11. CST and HFSS simulated directivity patterns in E (y-z) and H (x-z) planes for the proposed antenna at 3.5, 4.5, 5.5,
6.5, 8, and 11 GHz.
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The simulated HFSS and CST MWS E- and H-plane directivity patterns given at 3.5, 4.5, 5.5, 6.5,
8, and 11 GHz in Fig. 11 show that the radiation pattern in the H-plane is omnidirectional, while in
the E-plane, it is similar to those of a dipole at the same electric lengths. When increasing the
frequency, higher order current modes are excited and the antenna exhibits directional orientation in
the H-plane at 11GHz. As can be seen in Fig. 11, good agreement is achieved between the two

simulators.
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Fig.12. Gain versus frequency plot of proposed antenna with notch band WIMAX.
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Fig.13. Radiation efficiency versus frequency plot of proposed antenna with notch band WIMAX.

The simulated antenna gain (Fig. 12), shows a gain decrement at approximately 3.4GHz and shifted

-0.5 dB, which confirm the filtering effects. The simulated gain varies between 3 and 7.5 dB across
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the band of 4.1 to 12 GHz. The radiation efficiency of the antenna is shown in Fig. 13. The efficiency
is higher than 68% between 3.9 and 12 GHz and dropped to 30% at the notched frequency of 3.4GHz.

IV. CONCLUSION

A compact UWB CDR antenna integrated monopole with single band notched characteristics has
been presented, which has a simple structure and satisfies the Sy;less than —10 dB requirement for 3.3
to more than 12 GHz. The simulated data show that the proposed antenna can produce a relatively low
frequency with reduced antenna radiation patch dimensions without the external matching network.
We also observed that the bandwidth of the proposed monopole antenna is increased when associated
with the CDR structure, providing an impedance bandwidth of more than 113%. A U-shaped slot
etched on the patch induces a band notch at the WIMAX frequency band (3.2-3.8GHz). The centre
frequency of the notched band can be varied from 3.4 to 4.5 GHz by changing the position of CDR.
The notch frequency depends on the dimensions of the U-shaped slot as well as the CDR position.
The simulated results for the antenna VSWR and radiation patterns were provided with the use of
CST Microwave studio and were validated by using HFSS software. The slight difference between
the simulated results is due to the different numerical techniques employed by the two softwares. The
simplicity, compact size, low cost, and band rejection make this antenna suitable for UWB

applications.
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