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Design of Dual Band-Notched CPW-Fed UWB Planar Monopole
Antenna Using Microstrip Resonators
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Abstract—In this letter, a new coplanar waveguide (CPW) fed ultra-wideband (UWB) planar
monopole antenna with dual band-reject characteristics is proposed. Two resonators of different lengths
are employed at the bottom layer to create two notches at the frequency of interest. The proposed
fabricated antenna works from 2.8 to 11.34 GHz with two notched bands which cover the WLAN (5.725—
5.825 GHz) and ITU (8.025-8.4 GHz) bands. The proposed antenna is fabricated and measured for
verification purposes. Good agreement between the measurement and simulation is found.

1. INTRODUCTION

Nowadays, ultra-wideband (UWB) technology has gained significant attention in the field of wireless
communication due to its advantages, such as high data rate, low cost, simple hardware configuration,
good resistance for multipath, and small emission power for short range access and remote sensing
applications. The frequency range of the UWB system is released by the Federal Communications
Commission (FCC) to be from 3.1 to 10.6 GHz. However, there are some other existing narrowband
services that may cause interference with the UWB band, such as wireless local area network (WLAN),
worldwide interoperability for microwave access (WiMAX), and international telecommunication union
(ITU). To solve this problem, it is desirable to design antennas with band-notched characteristics
to minimize potential interference. ~The UWB antennas with the rejection of single band [1],
multiband [2, 3], and even reconfigurable bands have been presented and investigated [4]. Some of
the recently used approaches include using electromagnetic band-gap (EBG) structure [5], defected
ground structure (DGS) [6], etching different slots on the patch or ground [7-9], and PIN diodes [10].
Compared to these techniques, using microstrip resonators have some merits, such as stable radiation
pattern, high VSWR, and simplicity to create notches. Consequently, the antenna design for UWB
systems uses these techniques to remove the interference between UWB and narrowband systems, e.g.,
WLAN (5.15-5.35 and 5.725-5.825 GHz), and ITU service (8.025-8.4 GHz), and to be coexistent with
these conventional wireless systems.

In this letter, a simple novel dual band-notched CPW-fed UWB antenna is presented, fabricated,
and discussed. The proposed approach is based on using rectangular and meander line microstrip
resonators at the bottom layer with different lengths to create the desired two rejection bands. Measured
and simulated results are presented, compared, and discussed. Good agreement is found between the
measured and simulated data. In Section 2, the structure and theory of the proposed dual band-notched
antenna are discussed. Section 3 is devoted to the comparison of the simulated and measured results.
Finally, a conclusion summarizes the results.
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2. THE PROPOSED ANTENNA DESIGN

The configuration of the proposed dual band-notched UWB antenna is shown in Fig. 1. The proposed
antenna is designed on a low loss RO3003 substrate with thickness h = 0.762mm and relative
permittivity e, = 3. The dimensions of the antenna are about 40 mm x40 mmx0.762 mm. The patch
dimensions are W = L = 18 mm, Ly = 2mm, and Wy = 12mm. The width of the feed line W7 is fixed
at 3mm and the gap width is ¢ = 0.2mm to achieve 50} characteristic impedance. A rectangular
microstrip resonator and a meander line resonator are inserted on the bottom layer and beneath
the CPW feed of an UWB planar antenna. The length and the width of the rectangular resonator
are L, = 23mm, and W, = 1.8 mm, respectively. The dimensions of the meander line resonator
are Ly, = 28mm, Wy,; = 2.2mm, and a width of W,, = 0.8 mm. The operating frequency of the
two resonators can be controlled by changing their lengths [11]. Because of the fringing effects, the
total length of the resonator L; (L,; or Ly,) electrically looks greater than the physical dimensions
and extended by A on each side. The effective length of the microstrip resonator L; .z determines
the fundamental resonant frequency and the harmonics. The microstrip resonator will resonate at
its fundamental frequency f, when its length L; = Ag,. The notch frequency can be approximately

estimated using
ne

Lt,eﬁc \/Eeﬁ ’

where n = 1,2,3,..., A, denotes the extended incremental length, ¢ the velocity of the light in free
space, and e.¢ the effective permittivity.

fnotch - Lt,eﬁ - Lt + 2Ar (1)
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Figure 1. Structure of the proposed antenna: (a) Top view. (b) Bottom view.

The rectangular and meander line microstrip resonators are designed to produce notches at
the WLAN (5.725-5.825 GHz) and ITU (8.025-8.4 GHz) bands using Equation (1). The electric
field intensity distributions over the rectangular and meander line resonators at 8.2 and 5.78 GHz,
respectively, were simulated and visualized using 3D full wave EM simulator CST [12]. These electric
fields can clearly be observed in Fig. 2(a) and Fig. 2(b).

In both figures, the rectangular and meander line resonators have been indicated with white colors.
It is obvious from these figures that the two resonators prevent successfully most of the fields from
crossing to the radiator element, which act as a bandstop filter at the desired frequencies to generate
dual band notches.

Figure 3 illustrates the simulated VSWR for different length values of the rectangular and the
meander line resonator using the transient solver in the CST Microwave studio [12]. By varying the
length of the rectangular resonator L, from 20 to 32mm, the center frequency of the notched band
is easily tuned as shown in Fig. 3(a). The parametric study was done for the design with only the
rectangular resonator then with only the meander line resonator. Fig. 3(b) shows the variation of the
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Figure 2. Simulated electric field distributions over the two resonators at the resonant frequencies: (a)
At 8.2GHz. (b) At 5.78 GHz.
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Figure 3. Simulated VSWR for various lengths of the resonator: (a) Rectangular microstrip length
study. (b) Meander line length study.

notch frequency, when changing the length of the meander line resonator L, from 18 to 28 mm. It is
observed from these graphs that the notched frequency can be significantly tuned by varying the length
of L, and L,,.

3. RESULTS AND DISCUSSIONS

The proposed dual band-notched antenna has been fabricated and measured for validation purposes.
Photographs of the top and bottom views of the fabricated prototype are shown in Fig. 4. The measured
and simulated VSWR of the proposed antenna and the reference are shown in Fig. 4(c). A good
agreement is observed between the measured and simulated data. This shows that the coupling between
the two resonators is not significant. The rejection levels at the notches are higher and better than other
recently published techniques [7, 8]. Moreover, the antenna without the resonators is also simulated and
fabricated as a reference. Fig. 4(d) shows the simulated total efficiencies of the proposed antenna and
the reference. A relatively flat and constant efficiency is observed over the UWB, except at the two
desired notched bands which have significant reductions in the total efficiency.

The measured dual band-notched antenna realized gain in the direction of ¢ = 0° and 8 = 0°
(at front side) is depicted as a function of frequency in Fig. 5(a) and compared to the reference UWB
antenna realized gain at the same direction. The measured realized gain shows that there is about 15dB
gain suppression at the two notched bands between the proposed and reference antenna.

The measured group delay of two identical antennas in the face-to-face orientations with a
separation distance of 54 cm to analyze the dispersion of the proposed antenna is shown in Fig. 5(b).
The result shows a flat group delay except at the notched bands while the group delay of the reference
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Figure 4. Photographs of the proposed fabricated dual band-notched antenna, VSWR, and efficiencies:
(a) Top layer. (b) Bottom layer. (c) Measured and simulated VSWR. (d) Simulated total efficiencies.
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Figure 5. Measured realized gains and group delays of the proposed dual band-notched antenna and
the reference UWB antenna: (a) Measured Realized gains. (b) Measured group delays.

antenna is stable over the entire frequency band of operation. Therefore the proposed antenna is
convenient for transmitting and receiving UWB pulse with a very small distortion.

Figure 6 shows a comparison between the simulated and measured normalized radiation pattern
results of the proposed dual band-notched UWB antenna at selected frequencies (3, 5, 7.5, 10.5 GHz)
over the operating broadband. It is obvious that the radiation patterns in the F (yz-plane) and H
(xz-plane) planes are stable over the whole operating frequency range and confirm the desired beams
of an omnidirectional pattern of a monopole antenna. However, there are slight distortions at 10.5 GHz

in the E-plane pattern; these ripples are due to using an L-shaped semi-rigid cable in the F-plane
measurements, feed line connector, and coaxial cable.



Progress In Electromagnetics Research Letters, Vol. 59, 2016 55

_Simulated

e H-Plane_Co(dB)_Simulated
_Simulated =mmm E-Plane_Co(dB)_Simulated
_Measured 3 o E | =m=a. H-Plane_Co(dB)_Measured 0
(

d
Measured dB)_Measured

== == E-Plane_Co

90 90
(a) (b)
270 270
at 7.5 GHz
0 240 _ 300 0 240 at 10.5 GHz 300
-5 =
- [_.
10 10 re e
w
-15 20 g 330
i 4 [
20 - 3
-30 N
-25 e o \R
H-Plane_Co(dB)_Simulated 1 -40 .' mmmm H-Plane_Co(dB)_Simulated [gd [ | z
-30 mm=m E-Plane_Co(dB)_Simulated 0 p =mmm E-Plane_Co(dB)_Simulated i 0
ol | [s=sas H-Plane_Co(dB)_Measured - Yumm-— H-Plane_Co(dB)_Measured r
=2 (dB)_Measured ch .' == == E-Plane_Co(dB)_Measured ¥
all (o
% (L]
.
150 .I L] & 30
mas
120 60
90 90
(c) (d)

Figure 6. The proposed antenna normalized radiation pattern results. (a) At 3 GHz. (b) At 5 GHz.
(c) At 7.5 GHz. (d) At 10.5 GHz.

4. CONCLUSION

In this letter, the design of a novel compact dual band-notched antenna for UWB applications is
presented, fabricated, and measured for the validation purposes. In this simple design, two reject bands
at the WLAN (5.725-5.825 GHz) and ITU (8.025-8.4 GHz) are successfully achieved by incorporating
the rectangular and meander line microstrip resonators. Furthermore, the radiation patterns are very
stable over the operating frequency range except at the intended notches.
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