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Abstract

A novel configuration of ultra-wideband (UWB) antenna with triple band-notched characteristics is introduced in this article. The
design consists of a modified U-shaped dielectric resonator placed at the edge of a rectangular radiating patch for achieving UWB
performance. Two configurations of Archimedean spiral shaped EBG unit cells are then designed and implemented together to
realize the triple notch characteristics. The antenna geometry is modeled on Rogers RO3003 (tm) substrate having an overall
dimension of 25x30x0.762 mm”. The proposed antenna covers the frequency range 2.4 GHz-10.65 GHz with VSWR < 2 over
the entire range except at the notch frequencies at 4.5 GHz, 5.1 GHz and 9.1 GHz, respectively. Standard behavior of radiation
characteristic along with enhanced gain pattern is observed for the suggested antenna configuration. Simulation analysis
manifests that the proposed antenna has the potential to avoid interferences from existing narrowband communication
techniques and thus suitable for UWB communication systems.

1. Introduction

The deficiency of spectrum available for accommodating new services, with null effect to the existing ones, brought the use of
ultra-wideband (UWB) communication system for unlicensed applications [1]. UWB technology has been widely used for its
advance characteristics i.e. short range, high data rate with low energy level. In this context, design of UWB antenna plays a
crucial role. This inspired the researchers to design wide variety of antenna geometries that can meet the criteria for
implementation in UWB systems [2]. Dielectric resonator antennas (DR As) are one class of antennas which are highly explored
in present times for UWB applications. DRAs possess several attractive features, such as high impedance bandwidth, high
radiation efficiency, lightweight, portable size, etc. [3]. In general, circular, rectangular, hemispherical are the conventional
shapes of dielectric resonators (DRs) that are used for antenna applications. Besides these conventional shapes, some other
modified shapes of dielectric resonators can be derived to achieve more design flexibility level [4]. However, each shape has
its unique characteristics in terms of performance enhancement. Since UWB shares its spectrum with other narrow and wide-
band wireless services, it is desirable to have notch characteristics in UWB antennas for avoiding interference with other
existing radio communication systems [5]. In order to ensure notch in the UWB range (3.1-10.6 GHz), different techniques
have been reported in the literature [6-8]. The use of slotted geometries on the radiating patch and/or in ground plane or adding
an extra parasitic patch near to the radiating patch seem to be more common and effective [9]. These two techniques are easily
capable of creating single notch. In comparison to this, ensuring dual notch is bit tricky. One proficient technique to obtain
multiple notch characteristics is to use the electromagnetic band-gap (EBG) structure that produces a band-gap characteristic
[10-11]. The concept of EBG is based on solid state physics and optical domain. However, it behaves as an artificial magnetic
conductor (AMC) having the same electrical length properties as AMC. It can be noted that, the acquired notches are fixed at
particular frequency [12-14]. Further adding re-configurable functionality to the notch frequency adds flexibility to UWB
antenna [15].

Here, in this article, a multi band notched UWB DR-antenna is designed. The notch characteristics are obtained using uni-
planar EBG structures. The proposed Archimedean spiral with inter-digital capacitance based EBG unit cells are utilized for
generating triple notched characteristics at 4.5 GHz, 5.1 GHz and 9.1 GHz. The proposed EBG cells independently control the
notch frequencies. The suggested design also offers compactness and flexibility in terms of controlling the notched band
frequencies independently by changing the dimensions of the EBG unit cell. The proposed antenna geometry is modeled on
Rogers RO3003 (tm) substrate having an overall dimension of 25x30%0.762 mm”.

2. Antenna Configuration

The geometry of the proposed dielectric resonator based UWB antenna with optimized dimensions and loaded with EBG
structures for triple-band notched characteristics is presented in Figure 1. The antenna geometry is designed on 0.762 mm thick
Rogers RO3003 (tm) substrate (¢, = 3, fan 0 = 0.0013) having an overall size of 25x30 mm” (W x L). The geometry consists of
a rectangular radiating patch, a pair of Archimedean spiral EBG unit cells mounted on the substrate sheet and a partial ground
plane in opposite side of the substrate. By etching three slots (slot #1, slot #2, and slot #3) in ground plane and in addition by
placing a DR at the edge of the radiating patch, a suitable impedance bandwidth covering the UWB region has been realized.



For a good understanding of the design process, a step-wise procedure is followed as described in Figure 2. These structures
are termed as Antenna #1, Antenna #2, Antenna #3, Antenna #4, Antenna #5, and Antenna #6, respectively. Antenna #1 consists
of a rectangular patch and partial ground only. It does not manifest any satisfactory result. Three slots (Slot #1, Slot #2, and
Slot #3) are then incorporated in the ground plane to form Antenna #2. Antenna #3 is the UWB antenna without any notch
when DRA is placed in the edge of the radiating patch and Antenna #6 is the proposed EBG loaded UWB DR-antenna with
triple notch characteristics. In between, Antenna #4 and Antenna #5 are designed individually, as dual and single band-notched
antennas for rejecting interfering frequencies in the UWB region. These six antennas are designed, simulated and optimized
using ansoft HFSS software.
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Figure 1. Geometry of the proposed antenna (a) Top view (b) Bottom view.

Table 1. Different Antenna Parameters
Parameters Values(mm) Parameters Values(mm) Parameters Values(mm)

Ls 30 W, 11.5 G; 3.172
Wg 25 Gy 2 SL; 4.5
Hs 0.762 G, 1.5 Sw 2
Pwl 10 Wy 14 Scw 1.3
PL 8 Ld 15 SCl 7.3
W, 1.5 Hy 5.08

L, 13.5 Gy 1.028

(d) (e) (
Figure 2. Step-by-step design procedure: (a) Antenna #1, (b) Antenna #2, (c) Antenna #3, (d) Antenna #4, (¢) Antenna#5, (f)
Antenna#6.



3. Proposed EBG Structure

The proposed EBG unit cells, EBG #1 and EBG #2, are shown in Figure 3. The dimensions of the EBG structure is as follows:
m=4.54 mm, k=1 mm, b=0.17 mm, and a=0.15 mm.

EBG#1

Figure 3. Proposed EBG structures.

4. Simulated Result and Discussion

In Figure 2, different types of antennas (Antenna #1-to-Antenna #6) are designed and depicted. In this section, performance
analysis of the different stages of antenna has been reported. Antenna #1 is a conventional antenna with partial ground plane.
The voltage standing wave ratio (VSWR) value of Antenna #1 at different values of the design parameter Lg = 12.5 mm, 13.5
mm and 14.5 mm, is plotted in Figure 4(a). It is concluded that Lg = 13.5 mm provides good performance characteristics. By
introducing three different slots at the edge of the ground plane in Antenna #2 and by varying the dimensions of the slots,
different parametric results have been obtained, which is shown in Figure 4(b) and 4(c), respectively. In Antenna #3, DR is
mounted on the upper side of the radiating patch for further improvement of the antenna performance and for obtaining
impedance matching over a wide frequency range. The other design parameters are maintained same as Antenna #2. The
suggested antenna produces an impedance bandwidth ranging from 2.4 GHz to 10.65 GHz without any notch, as displayed in
Figure 6(a).
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Figure 5. (a) Simulated VSWR vs. frequency (b) Simulated Gain vs. Frequency of proposed antenna.



Now in order to develop band-notch characteristics within the UWB frequency range, EBG structures are placed near the feed
line of the antenna. In Antenna #4, unit cell EBG #1 is introduced on both sides of the feed line, which results in generating
two notches at frequency 4.5 GHz, and 9.1 GHz, respectively. Now, the second unit cell structure, EBG #2 is embedded on
both side of the feed line of Antenna #3 geometry, which then gives Antenna #5. The Proposed antenna produces a single notch
at frequency 5.1 GHz. Finally, both the structures EBG #1 and EBG #2 are combined together and placed near the feed line in
order to develop the configuration of Antenna #6. The resultant configuration realizes triple band notched behavior in the
frequency band of interest. A comparison is made between the [S;;|-, VSWR, and gain-performance of all the six antennas,
revealed in Figure 2, which is displayed in Figure 6(a), 6(b), and 6(c), respectively. The surface current distribution of Antenna
#6 is further investigated to realize the appearance of triple band notch performance, as shown in Figure 7. In Figure 8, radiation
patterns of the proposed antenna at 3.20 GHz, 8.10 GHz, and 10.0 GHz, is displayed.
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Figure 7. Current distribution of Antenna #6 at different frequencies, (a) 4.5 GHz (b) 5.1 GHz (c¢) 9.1 GHz.
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Figure 8. Simulated radiation patterns of Antenna #6: (a) 3.20 GHz, (b) 8.10 GHz, (c) 10.0 GHz.

5. Conclusion

A triple band-notched UWB dielectric resonator antenna (DRA) is designed and discussed. The suggested antenna has produced
an impedance bandwidth ranging from 2.4 GHz to 10.65 GHz. EBG structures are implemented to obtain stopband characteristics
to block certain UWB interfering frequency bands. Three notched frequencies are obtained at 4.5 GHz, 5.1 GHz and 9.1 GHz to
avoid potential interferences from INSAT, WLAN, and Radio allocation applications, respectively.
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