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Abstract

Compact coplanar waveguide Ultra-wideband (UWB) monopole antenna with band notched characteristics is presented in this paper. 

The band rejection is achieved by etching a circular slot on the radiating patch. The antenna is printed on the FR4-Epoxy substrate with 

overall dimensions of 23.5 × 31 × 1.5 mm3. The measured results indicate that the antenna operates in the frequency range from 1.76 

to 11.07 GHz and rejects the band 2.42 to 5.37 GHz with an acceptable measured input impedance over the whole operating frequency 

bandwidth. Furthermore, the simulated results indicate that the antenna exhibits stable radiation patterns with appreciable gain and 

efficiency over the whole operating band except at the notched-band. Accordingly, this antenna provides a good solution for wireless 

communication systems with good characteristics.
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1 Introduction
Ultra-wideband (UWB) communication systems have 
recently attracted great interest of scientists and engineers 
because they have several advantages such as high data 
transmission capacity, enormous available bandwidth, 
secure communications, low cost, low power consump-
tion and multipath immunity [1–3]. They are broadly used 
in military, civilian, commercial, and medical applications. 
In 2002, the Federal Communication Commission (FCC) 
legalized the use of a large bandwidth of 7.5 GHz from 3.1 
to 10.6 GHz band with low radiated power for commercial 
usage [4]. Since then, several UWB antennas have been 
designed that covers the UWB range [5, 6].

However, there still exist some other narrowband com-
munication applications which may cause electromag-
netic interference with the UWB band such as the world-
wide interoperability for microwave access (WiMAX) 
and the Wireless Local Area Network (WLAN) [7]. 
To handle this problem, several techniques, recently 
reported in the literature, have been applied by using 

different techniques such as slot resonators, complemen-
tary split ring resonators, split ring resonators, parasitic 
strips, Defected Ground Structures (DGS) and integrat-
ing filters with antennas [8, 9].

In this paper, UWB antennas having notched-band will 
be presented giving their practical performance. To avoid 
the interferences with the other coexisting narrowband 
wireless systems operating in the UWB band, a circular 
slot is etched on the radiating patch to produce a notched-
band. The simulations are achieved using commercial 
software CST Microwave studioTM [10].

2 Antenna configuration 
Fig. 1 depicts the configuration of the proposed antenna. 
The overall size of the antenna is 23.5 × 31 mm2. The pro-
posed UWB antenna is designed using a dielectric sub-
strate of FR4-Epoxy (εr = 4.4, tan δ = 0.025) with thick-
ness of 1.5 mm. The lower border of the radiating patch is 
escalated for tuning the capacitive and inductive coupling 
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between the radiating slotted patch and the ground plane. 
Consequently, an enhanced impedance matching and 
a larger impedance bandwidth can be achieved.

In order to avoid the interference with co-existing sys-
tems, a circular slot is etched inside the radiating patch 
to achieve a notched-band performance. Furthermore, 
a rectangular slit is introduced on the radiating patch 
attain the preferred miniaturization. The antenna design 
evolution is presented in the Fig. 2. All the optimized 
parameters of the proposed notched-band UWB antenna 
are depicted in Table 1.

To prevent the interference with co-existing systems, 
a circular slot acting as a single guided wavelength res-
onator is etched inside the rectangular radiating patch to 
produce a notched-band performance.

According to the other published works like [11], 
the frequency center of the notched-band can be calculated 
by the Eq. (1).
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Here c denotes the speed of light in free space, λg is the 
guided wavelength, εr is the dielectric constant of the sub-
strate, L2 is the effective length of the etched slot.

Fig. 3 shows the surface current distribution on the pro-
posed antenna at the notched-band center 3.87 GHz.

A high current density along the investigated circular 
slot was detected which makes the antenna non-reactive.

It is evident that the etched slot on the radiating patch is 
the responsible for producing the notched-band. This con-
firms that the proposed antenna cannot radiate effectively 
at the notch band. Accordingly, the etched circular slot 
inhibits the surface current and consequently a rejected 
band is achieved.

Table 1 Optimized parameters of the proposed antenna

Parameters Dimensions, 
mm Parameters Dimensions, 

mm

W1 23.5 W9 1.98

W2 5.97 L1 31

W3 2.19 L2 44.36

W4 4 L3 16

W5 10.46 L4 6.97

W6 8.85 L5 6

W7 2.8 L6 5

W8 0.25 H 1.5

Fig. 1 Configuration of the proposed antenna.

Fig. 2 Evaluation of the proposed UWB antenna with the application of 
the notched-band structure, (a) antenna 1, (b) antenna 2, (c) antenna 3. Fig. 3 Current distribution on the proposed antenna at 3.87 GHz.
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Moreover, a poor current flowed along the rectangular 
slit is observed indicates a nil contribution of this etched slit 
on the low frequencies and of the production of the notched-
band. Hence, the rectangular slit helps to minimize the con-
ductor losses and to reduce the weight of the antenna which 
is especially enviable from the miniaturization viewpoint.

3 Results and discussion
The fabricated antenna is presented in Fig. 4. A com-
parison of the Voltage Standing Wave Ratio (VSWR) of 
the antenna, with and without slots (Fig. 2), is presented 
in Fig. 5 which confirms that the circular slot is the respon-
sible for producing the notched-band function and prove 
the nil contribution of the etched rectangular slit on the 
production of the notched-band.

The VSWR of the proposed coplanar waveguide fed 
band notched UWB antenna was measured using the 
R&S®ZNB Vector Network Analyzer. From the experi-
mental results (Fig. 6) the impedance bandwidth is rang-
ing from 1.76 to 11.07 GHz with a rejected band from 
2.42 to 5.37 GHz. The slight mismatch between the sim-
ulated and the measured may be assigned to the tolerance 
in the realization and in the measurement, SMA connector 
effects and of the soldering, and to the external electro-
magnetic disturbances which were not taken into consid-
eration in the simulations. Except at the notched-band, the 
measured impedance matching is acceptable over all the 
operating frequency band, which signifies the broadband 
characteristics of the proposed antenna.

Fig. 7 presents the measured real and imaginary input 
impedance of the proposed slotted antenna. As it is 
exhibited, there is impedance mismatch at the notched-
band. This means that the antenna is preventing the wave 
at notched-band which results in steep rise of the reflec-
tion coefficient.Fig. 4 Fabricated prototype of the proposed UWB antenna.

Fig. 5 VSWR comparisons for the antennas with and without slots, 
(a) between antenna 1 and 2, (b) between antenna 1 and 3.

Fig. 6 Measured and simulated VSWR of the proposed UWB 
notched-band antenna.
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The simulated normalized radiation patterns for the 
proposed antenna in both the xz-plane (H-plane) and the 
yz-plane (E-plane) over three frequencies 3, 6 and 10 GHz 
are represented in Fig. 8. Omnidirectional radiation patterns 
are obtained in the H-plane and bidirectional radiation pat-
terns in the E plane over the entire pass bands; for the rea-
son of placing a small ground plane on the same side of the 
radiating patch, similar appearances are noted in [12]. At a 
higher frequency, the radiation patterns still retain excellent 

omnidirectional curves on the H-plane, whereas, a low dis-
tortion can be observed for the E plane at 10 GHz. It can 
be observed that the realized gain of the proposed slotted 
UWB antenna drop dramatically at the band-notched fre-
quency and have reasonable values away from outwards that 
are better than the ones achieved in [13–16]. Furthermore, 
except at the notched-band a good radiation efficiency is 
achieved; that is almost over 90 % on the whole working 
bandwidth of the proposed antenna as depicted in the Fig. 9; 
similar appearances is achieved in [17].

Moreover, it sharply reduces to 56.52 % at the fre-
quency center of the notched-band proving an excellent 
band-notched performance of the proposed UWB slot-
ted antenna. The dramatic drop of the antenna gain and 
radiation efficiency means that most of the power fed 
into the proposed UWB slotted antenna is reflected back. 
Consequently, this slotted UWB antenna is powerful 
candidate for UWB applications and is very appropriate 
for several wireless communication systems.

4 Conclusion
A compact coplanar waveguide-fed UWB slotted mono-
pole antenna with stop band has been discussed in this 
paper. The stop band performance is achieved by etch-
ing a circular slot from the radiating patch. The antenna 
has a compact size of 23.5 × 31 × 1.5 mm3. The mea-
sured results indicate that it is operating in the frequency 
range from 1.76 to 11.07 GHz and rejects the band 2.42 
to 5.37 GHz with a satisfactory measured input imped-
ance over the operating frequency bandwidth. Moreover, 
the simulated results show that the antenna display sta-
ble radiation patterns, acceptable realized gain and a good 
radiation efficiency which confirm that the antenna can 
be a good candidate for wireless communication systems.

Fig. 7 Measured real and imaginary impedance.

Fig. 8 Normalized radiation patterns at different frequencies, 
(a) xz-plane, (b) yz-plane.

Fig. 9 Realized gain and Radiation efficiency achieved 
by the proposed antenna.
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