
Universal Journal of Electrical and Electronic Engineering 6(5B): 55-66, 2019 http://www.hrpub.org 

DOI: 10.13189/ujeee.2019.061608

A Compact Triple-Notch Band 

Ultra-Wideband Antenna 

Munirah Az Zahra Abdul Rashid
1
, Shaharil Mohd Shah

2,*
, Asmarashid Ponniran

1 

1Faculty of Electrical and Electronic Engineering, Universiti Tun Hussein Onn Malaysia, Malaysia 
2Research Centre for Applied Electromagnetics, Universiti Tun Hussein Onn Malaysia, Malaysia 

Received July 25, 2019; Revised October 3, 2019; Accepted December 10, 2019 

Copyright©2019 by authors, all rights reserved. Authors agree that this article remains permanently open access under 
the terms of the Creative Commons Attribution License 4.0 International License 

Abstract  This paper proposed a compact 

ultra-wideband (UWB) antenna (17.5 × 20.5 mm
2
) with a 

triple-notch band characteristic to overcome the 

interference caused by the three narrow frequency bands 

that coexist within the ultra-wideband frequency ranging 

from 3.1 to 10.6 GHz as stipulated by the Federal 

Communication Commission (FCC). Two slots on the 

radiating patch and a copper trace on the ground plane of 

the antenna were introduced to reject the WiMAX, WLAN 

and SHF frequency bands. The dimensions of the slots and 

copper trace are optimized to achieve the desired band 

rejections. The compact size of the antenna is in line with 

the miniaturization requirement of modern wireless 

communication devices but at the same time is able to 

support multiple wireless communication services. The 

simulation result shows that the antenna can function over 

the UWB frequency range but with band rejections on the 

WiMAX band (from 3.2 GHz to 3.6 GHz, WLAN band) 

(from 5.15 GHz to 5.85 GHz) and SHF band (from 7.25 

GHz to 8.395 GHz). The proposed antennas are simulated 

and designed in CST Microwave Studio
®
 software and 

fabricated on a FR-4 substrate with a relative dielectric 

constant, εr of 4.5, loss tangent, tan δ of 0.019 and thickness, 

h of 1.6 mm. 

Keywords  Ultra-Wideband (UWB), Triple-Notch 

Band, Worldwide Interoperability for Microwave Access 

(WiMAX), Wireless Local Area Network (WLAN), Super 

High Frequency (SHF) 

1. Introduction

In 2002, Federal Communication Commission (FCC) in 

the United States has licensed the ultra-wideband (UWB) 

frequency spectrum to operate between the frequency 

range of 3.1 GHz to 10.6 GHz with Effective Isotopic 

Radiated Power (EIRP) to be less than -41.4 dBm/MHz 

[1-2]. UWB system is widely used in applications such as 

medical sensing, military and indoor multipath wireless 

propagations [3-6]. In addition, UWB antenna has become 

an emerging technology that promises high speed data rate, 

extremely low spectral power density, slight cost and low 

complexity for short range communication [7-13]. 

However, there are other narrowband for other 

communication applications within the UWB frequency 

spectrum which are Wireless Interoperability for 

Microwave Access (WiMAX) between 3.2 GHz to 3.6 

GHz, Wireless Local Area Network (WLAN) between 

5.15 GHz to 5.85 GHz and SHF bands between 7.27 GHz 

to 8.395 GHz [14-17]. These three bands will cause 

interference to the neighboring channels that will affect the 

UWB communication system performance [18-20].  

A traditional way of using radio frequency filters has 

been implemented to suppress these frequency bands, but 

they consumed more space when being integrated into 

other microwave circuits [21], which does not fulfill the 

miniaturization requirement. Various UWB antennas with 

a notch function have been developed for UWB 

communication systems, such as cutting diverse structure 

of the slot-shapes on the ground plane, on the radiating 

patch or etching Split Rings Resonator (SRR) in the feed 

line [22-27]. These methods are found useful and efficient 

in generating UWB frequency range and are still applied 

until now. However, the challenge is now focusing on 

miniaturising the size of the antenna but at the same time, 

still able to support multiple frequency requirements of the 

present wireless communication technology. 

In this work, a triple-notch band UWB antenna is 

proposed to alleviate any potential interference from the 

co-existence of narrowbands within the UWB frequency 

range [28]. Two slots and a copper trace are introduced into 

the radiating patch and ground plane of the antenna to 

reject the WiMAX, WLAN and SHF frequency bands. In 

addition, the compact size of the antenna (17.5 × 20.5 mm
2
) 
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will make it the best candidate to be applied in the modern 

wireless communication devices that require antenna’s 

miniaturization. 

2. Research Methodology 

This section explains the method used in order to obtain 

the results of the work, starting from the design stage until 

the measurement stage. 

2.1. Antenna Design and Configuration 

The design and simulation of the antennas in this work 

are performed by using CST MWS
®
 software. The 

dimensions of the antennas are optimized to achieve the 

best result. At the initial stage, an UWB antenna is 

designed based on the microstrip patch antenna and acts 

as the fundamental antenna in the next stage where slots 

and copper trace are introduced to remove each 

narrowband. The first and second slots are introduced on 

the radiating patch of the UWB antenna to reject the 

WiMAX and WLAN frequency bands. A copper trace is 

introduced on the ground plane to remove the SHF 

frequency band. At the final stage, both slots and the 

copper trace are combined into a single UWB antenna to 

reject all the three narrowband applications. 

2.1.1. Design of Fundamental UWB Antenna 

The antenna has been optimized to operate within the 

UWB frequency range of 3.1 GHz to 10.6 GHz. The 

proposed UWB antenna can be seen in Figure 1 and the 

dimensions of the antenna are listed in Table 1. From the 

figure, the antenna consists of a rectangular radiating patch 

with a microstrip feed line. The ladder steps are introduced 

at the lower region of the patch closer to the feed line to 

increase the impedance bandwidth [29]. The radiating 

patch is a copper plane with a thickness of 0.035 mm. The 

substrate of the antenna is a FR-4 material with a dielectric 

constant, εr of 4.5, loss tangent, tan δ of 0.019 and thickness, 

h of 1.6 mm. The ground plane is also made up of copper 

plane with a thickness of 0.035 mm. Two slots are 

embedded on the ground plane so that the impedance 

bandwidth of the UWB antenna can be further increased. 

 

(a) 

 

(b) 

Figure 1.  The proposed design of the UWB antenna 

Table 1.  Dimensions of the fundamental UWB antenna 

Parameters Values (mm) Parameters Values (mm) 

L 20.5 Ws 1.4 

W 17.5 W1 1 

Lp 11 W2 1.55 

Wp 8.8 Lg 4.5 

Lf 6.5 Wg 17.5 

Wf 1.7 Ls 0.6 

L1 1 Ws 1.4 
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2.1.2. Design of Fundamental UWB Antenna with a Slot to 

Reject the WiMAX, WLAN and SHF Frequency 

Bands 

In this section, three antennas are designed with slots and 

a copper trace is introduced into each antenna to achieve 

three notch bands centered at 3.5 GHz (WiMAX band), 5.5 

GHz (WLAN band) and 7.5 GHz (SHF band). A 

parametric study is performed to obtain the best location of 

each slot and the copper trace to achieve the desired notch 

band by optimising their length and width. In the final 

design of antenna, both slots and the copper trace are 

combined to reject all the narrowband applications. Figure 

2 until Figure 4 show the proposed antennas with a slot on 

each antenna to reject the WiMAX and WLAN frequency 

bands, and a copper trace on the ground plane to reject the 

SHF frequency band. Figure 5 shows the final design of 

antenna which combined both slots and the copper trace. 

Table 2 lists the dimensions of all antennas proposed in this 

work. 

  

(a)                       (b) 

Figure 2.  The UWB antenna with the first slot to reject WiMAX band; 

(a) Top view (b) Bottom view 

  

(a)                           (b) 

Figure 3.  The UWB antenna with the second slot to reject the WLAN 

band; (a) Top view (b) Bottom view 

  

(a)                           (b) 

Figure 4.  The UWB antenna with a copper trace on the ground plane to 

reject the SHF band; (a) Top view (b) Bottom view 

 

(a) 

 

(b) 

Figure 5.  The UWB antenna with the combination of all the three slots; 

(a) Top view (b) Bottom view 
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Table 2.  Dimensions of the UWB antenna and combination of both 
slots and copper trace  

Parameters Values (mm) Parameters Values (mm) 

a 0.105 g 0.105 

b 0.5 h 0.5 

c 7.5 i 7.5 

d 7.75 j 7.75 

e 5 k 5 

f 6.35 - - 

2.2. Antenna Fabrication and Measurement 

The fabrication process is performed at the Advanced 

Printed Circuit Board (PCB) Design Laboratory. The 

antennas are fabricated on a FR-4 substrate with a relative 

dielectric constant, 𝜀𝑟 of 4.5, thickness, h of 1.6 mm and 

loss tangent, tan δ of 0.019. The outcomes of the 

fabrication process produce five antenna prototypes as can 

be seen in Figure 6 to Figure 10. The antennas are then 

measured by using the ZVB14 Rohde & Schwarz Vector 

Network Analyzer (VNA). Due to the lack of facilities, 

only the reflection coefficients are measured in this work 

up to date. 

 

(a)                     (b) 

Figure 6.  Prototype of the fundamental UWB antenna; (a) Top view (b) 

Bottom view 

 

(a)                          (b) 

Figure 7.  Prototype of the UWB antenna with the first slot; (a) Top 

view (b) Bottom view 

 

(a)                         (b) 

Figure 8.  Prototype of the UWB antenna with the second slot; (a) Top 

view (b) Bottom view 

 

(a)                         (b) 

Figure 9.  Prototype of the UWB antenna with the copper trace; (a) Top 

view (b) Bottom view 

 

(a)                          (b) 

Figure 10.  Prototype of the UWB antenna with both slots and copper 

trace combined; (a) Top view (b) Bottom view 

3. Results and Analaysis 

In this section, the linear characteristics of the antenna 

and its surface current distribution are discussed and 

analysed. 

3.1. The Fundamental UWB Antenna 

The simulation result of reflection coefficient and 

bandwidth of the fundamental UWB antenna and the 

comparison with the measurement result are shown in 

Figure 11. From the figure, it can be seen from the 

simulation result that the proposed antenna operates within 

2.96 GHz to 11.11 GHz with a bandwidth of 8.15 GHz. The 

measurement result, on the other hand, shows that 

bandwidth decreases to 4.4 GHz with the frequency range 

from 4.80 GHz to 9.20 GHz. The discrepancy can be 

attributed to the fabrication tolerance and cable losses. 
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Figure 11.  Comparison between the simulated and measured reflection coefficients of the UWB antenna 

 

Figure 12.  Surface current distribution of the simulated UWB antenna at 6.17 GHz 

Figure 12 shows the surface current distribution of the 

UWB antenna is at 6.17 GHz. The frequency of 6.17 GHz 

is chosen as it is the location of the greatest reflection 

coefficient within the simulated frequency range. From the 

figure, maximum surface current is seen to be concentrated 

around the edges of the antenna feed line. 

3.2. UWB Antenna with the First Slot (WiMAX Notch 

Band) 

The comparison between the simulated and measured 

reflection coefficients of the UWB antenna with the 

WiMAX notch band can be viewed in Figure 13. From the 

simulation result, it is observed that the antenna operates at 

the UWB frequency spectrum with a notch at the WiMAX 

band from 3.08 GHz to 4.20 GHz. The bandwidth of the 

notch band is 1.12 GHz. Meanwhile, the measurement 

result shows that the antenna has a notch band from 3.58 

GHz to 4.84 GHz with the bandwidth of 1.26 GHz. 

Although there is an enlargement in the bandwidth of the 

notch band, the actual WiMAX frequency band from 3.2 

GHz to 3.6 GHz is still covered. 
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Figure 13.  Comparison between the simulated and measured reflection coefficients of the UWB antenna with the first slot 

 

Figure 14.  Surface current distribution of the simulated UWB antenna with the first slot at 3.70 GHz 

Figure 14 shows the surface current distribution of the 

UWB antenna at 3.70 GHz. The frequency of 3.70 GHz is 

chosen as it is the point of lowest reflection coefficient 

within the notch band. From the figure, the observed 

maximum surface current is concentrated around the edges 

of the slot of the antenna. This shows that the slot is 

responsible for the rejection of WiMAX band. 

 

 

 

3.3. UWB Antenna with the Second Slot (WLAN Notch 

Band) 

The simulated and measured reflection coefficients of 

the UWB antenna with the second slot to reject the WLAN 

band can be viewed in Figure 15. From the figure, it is 

observed that the antenna will not operate within the 

frequency range of 5.13 GHz to 5.87 GHz based on the 

simulation result and 5.18 GHz to 5.99 GHz based on the 

measurement result. The actual WLAN frequency band is 

from 5.15 GHz to 5.85 GHz. 

 

 



 Universal Journal of Electrical and Electronic Engineering 6(5B): 55-66, 2019 61 

 

 

 

Figure 15.  Comparison between the simulated and measured reflection coefficients of the UWB antenna with the second slot 

 

Figure 16.  Surface current distribution of the simulated UWB antenna with the second slot at 5.57 GHz 

Figure 16 shows the surface current distribution of the 

antenna at 5.57 GHz which is chosen from the fact that it is 

point of lowest reflection coefficient within the notch band. 

From the figure, the maximum surface current is seen to be 

concentrated around the edges of the slot of the antenna. 

Therefore, it is shown that the slot is accountable for the 

rejection of WLAN band. 

3.4. UWB Antenna with the Copper Trace (SHF Notch 

Band) 

The simulated and measured reflection coefficients of 

the UWB antenna with a copper trace on the ground plane 

are compared and can be viewed in Figure 17. From the 

simulation result, it is observed that the antenna operates at 

the UWB frequency spectrum with a notch at the SHF band 

which is from 7.0 GHz to 8.9 GHz. The bandwidth of the 

notch band is 1.9 GHz. Meanwhile, the measured result 

shows that the antenna will not operate at the frequency 

range of 7.23 GHz until 8.39 GHz which are slightly 

different from the simulated result. However, the notch 

band from the measurement result stillcovers the actual 

SHF frequency band from 7.25 GHz to 8.395 GHz. 
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Figure 17.  Comparison between the simulated and measured reflection coefficients of the UWB antenna with the copper trace 

 

Figure 18.  Surface current distribution of the simulated UWB antenna with the copper trace at 7.5 GHz 

Figure 18 shows the surface current distribution of the 

UWB antenna at 7.5 GHz which is the point of lowest 

reflection coefficient. From the figure, maximum surface 

current is observed to be concentrated on the copper trace, 

around the middle edges at the side of the patch and on the 

feedline. Therefore, the copper trace is shown to be 

responsible for the SHF band rejection.  

3.5. UWB Antenna with the Combination of Two Slots 

and Copper Trace 

The simulated and measured reflection coefficients of 

the UWB antenna with the combination of two slots and 

copper trace are compared and can be viewed in Figure 19. 

From the simulation result, it is observed that the antenna 

operates within the UWB frequency range but with a notch 

at the WiMAX, WLAN and SHF bands which is from 2.86 

GHz to 3.64 GHz, 5.16 GHz to 5.89 GHz and from 7.24 

GHz to 8.48 GHz. The bandwidth of each notch band is 

0.78 GHz, 0.73 GHz and 1.24 GHz. Meanwhile, it can be 

observed from the measured reflection coefficient that the 

antenna operates within the UWB frequency spectrum with 

a notch from 3.58 GHz to 4.97 GHz, 5.38 GHz to 6.95 GHz 

and from 7.40 GHz to 8.53 GHz. The bandwidth of each 

notch band is 1.39 GHz, 1.57 GHz and 1.13 GHz. 
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Figure 19.  Comparison between the simulated and measured reflection coefficients of the UWB antenna with the combination of both slots and 

copper trace 

Figure 20 shows the surface current distribution of the UWB antenna at 3.29 GHz, 5.60 GHz and 7.62 GHz which are 

the center frequency of each notch band. From the figure, it can be observed that maximum surface current is concentrated 

around the edges of each slot on the radiating plane (Figure 20(a) and 20(b)) which is responsible for the WiMAX and 

WLAN band rejections, and also on the copper trace which is responsible to notch the SHF band (Figure 20(c)). 

 

(a) 
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(b) 

 

(c) 

Figure 20.  Surface current distribution of the UWB antenna with a triple- notch band centered at; (a) 3.29 GHz (b) 5.60 GHz (c) 7.62 GHz 
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4. Conclusions 

A compact size UWB antenna (17.5 × 20.5 mm
2
) with a 

triple-notch band is proposed in this work. Two different 

slots and a cop-per trace are introduced on the antenna’s 

structure as notch filters to reject the unwanted frequency 

bands of WiMAX, WLAN and SHF. The simulation 

result demonstrates that the antenna can operate within the 

UWB frequency range from 2.96 GHz until 11.11 GHz 

and it is able to notch the WiMAX band from 3.08 GHz to 

4.20 GHz (Actual WiMAX band: 3.2 GHz to 3.6 GHz), 

WLAN band from 5.13 GHz to 5.87 GHz (Actual WLAN 

band: 5.15 GHz to 5.85 GHz) and SHF band from 7.0 

GHz until 8.9 GHz (actual SHF band: 7.25 GHz to 8.395 

GHz). The antenna is measured on the ZVB14 Rohde & 

Schwarz Vector Network Analyzer. 
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