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I. INTRODUCTION 

Since its approval for use in communications by the Fe-

deral Communications Commission in 2002, the ultra-wi-

deband (UWB) has received substantial attention from both 

the academic and industrial sectors [1]. UWB applications 

have become the focus of short range, high speed wireless 

communication because of its many advantages-high speed 

data rate, high precision ranging, low power consumption, 

and great capacity. Research activity on UWB systems con-

tinues to grow rapidly, and many different prototypes of 

UWB antennas have been proposed and developed [2–4]. 

The antenna plays an important role as a key component 

that determines the RF performance of the end-product. 

Therefore, the increasing popularity of UWB communica-

tions has created a need for a UWB antenna with a low 

profile, low weight, low cost, easy fabrication, the ability to 

be flush-mounted, and simplicity in structure. Conversely, 

the frequency range for UWB systems will cause interfer-

ence with existing narrowband wireless communication sys-

tems. As an example, the wireless local area network for IE-

EE 802.11a operates at 5.15–5.35 GHz and 5.725–5.725 GHz; 

while the IEEE 802.16 system operates at 3.3–3.7 GHz.  

Therefore, compact UWB antennas with dual band-not-

ched characteristics capable of avoiding any potential inter-

ference are required. Recently, a number of band-notched 

UWB antennas have been discussed, and several methods 

have been used to create antennas with band notched charac-

teristics [5–13]. In particular, pot-shaped patch antennas for 

wideband application have been studied [14, 15]. Pot-shaped 

UWB antennas [14] and dual band notched pot-shaped 

UWB antennas [15] have been researched.  
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Abstract 
 

A compact planar microstrip-fed ultra-wideband (UWB) antenna with a dual band-notched for UWB application is presented and ana-

lyzed. By inserting a U-shaped slot and inverted U-shaped slot into the pot-shaped radiator, two notched bands are achieved. By optimiz-

ing the width and length of the U-shaped slots and inverted U-shaped slot, a desired bandwidth of voltage standing wave ratio (VSWR) 

less than 2.0 can be achieved, ranging from UWB bands with notched dual bands. The proposed antenna is fabricated on an inexpensive 

FR-4 substrate with overall dimensions of 28.0 mm × 39.5 mm. The measured results confirm that the proposed antenna covers from 

1.775 to over 13.075 GHz with two rejection bands of around 3.325–3.925 GHz and 5.3125–6.025 GHz. In addition, the proposed an-

tenna showed good radiation characteristics and gains in the UWB bands. 
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In this paper, a novel dual band-notched UWB antenna is 

proposed with a band-notched design process. The proposed 

antenna is fed by a microstrip feed line. By inserting a U-

shaped slot and an inverted U-shaped slot into the pot-shap-

ed radiator and tuning the relevant parameters, two notched 

band applications are achieved. The dual band-notched an-

tenna is fabricated and experimentally verified. A parametric 

study is performed by observing the effect of the different 

geometrical parameters on the performance of the proposed 

antenna. The measured gain and radiation patterns are pre-

sented.  

II. ANTENNA DESIGN 

Fig. 1 shows the geometrical configuration of the pro-

posed antenna. The antenna is designed and fabricated on a 

RF4 substrate with a dielectric constant and dielectric loss 

tangent of 4.4 and 0.02, respectively, and a thickness of 1.0 

mm. The total size of the substrate and the ground plane of 

the proposed antenna are 25.0 mm × 39.5 mm (W1 × L1) 

and 25.0 mm × 10.0 mm (W1 × L7), respectively. The pro-

posed antenna consists of a pot-shaped radiating patch and 

50 Ω feed line. The pot-shaped model is composed of a cir-

cular shaped radiator with a radius of 10 mm and an ellipses 

shaped radiator, where the major axis and minor axis of the 

ellipse is 9.0 mm and 6.3 mm, respectively. The radiating 

element was placed on the same side as the feeding strip, and 

the ground plane was placed on the other side of the sub-

strate. The size of the proposed antenna is somewhat bigger 

than the dimensions given in the published paper. The patch 

size of the proposed antenna is 28.0 mm × 34.5 mm. The 

patch sizes in the published papers [7, 10, 12] are 10.0 mm 

× 16.0 mm, 26.0 mm × 16.5 mm, and 25.0 mm × 25.0 mm, 

respectively. 

 

 
Fig. 1. The configuration of proposed antenna. 

 
Fig. 2. Design evolution of the proposed antennas: (a) antenna Ⅰ, (b) 

antenna Ⅱ, and (c) antenna Ⅲ. 

 

 

Fig. 3. Simulated VSWR characteristics for the evolution of the pro-

posed antennas shown in Fig. 2. 

 

The geometry for a U-shaped slot in the pot-shaped patch 

in order to obtain 3.5 GHz band-notched characteristics, an 

inverted U-shaped slot in in the pot-shaped patch in order to 

obtain 5.5 GHz band-notched characteristics, and the pro-

posed antenna structure are shown in Fig. 2. Voltage stand-

ing wave ratio (VSWR) characteristics for the structures 

shown in Fig. 2 are compared in Fig. 3. As shown in Fig. 3, 

we insert a U-shaped slot and an inverted U-shaped slot in 

the pot-shaped patch, and a dual band-notched function can 

be achieved.  

The design of the proposed antenna is in accordance with 

the described guidelines followed for optimization with the 

commercially available software Ansoft HFSS version 1.0 

(ANSYS Inc., Canonsburg, PA, USA)-a full-wave commer-

cial EM software capable of simulating a finite substrate and 

a finite ground structure. Parameter studies are conducted to 

provide more detailed information about the antenna and 

optimization. By adjusting the lengths, widths, and locations 

of the U-shaped slot and the inverted U-shaped slot, we can 

obtain the optimized antenna dimensions. From the simulat-

ed results, the VSWR curves for the proposed antenna with 

various parameters Ls1 and Ls2 are given in Figs. 4 and 5.  
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Fig. 4. Simulated VSWR characteristics of the proposed antenna with 

different values of Ls1. 

 

 
Fig. 5. Simulated VSWR characteristics of the proposed antenna with 

different values of Ls2. 

 

As shown in Fig. 4, the length of Ls1 has a great effect on the 

lower notched band. With the Ls1 increase, the lower not-

ched band of the antenna shifts down, while the higher 

notched band changes slightly. The results clearly indicate 

that the notched frequency of the antenna (Fig. 2(a)) can be 

effectively controlled by adjusting the length of Ls1 of the U-

shaped slot in the pot-shaped radiator. Fig. 5 shows that 

when the parameter Ls2 increases, the higher notched band of 

the proposed antenna clearly shifts, while the lower notched 

band changes only slightly. The results indicate that the 

notched frequency of the antenna (Fig. 2(a)) can be effective-

ly controlled by adjusting the length of Ls2 of an inverted U-

shaped slot in the pot-shaped radiator.  

The values of the design parameters shown in Fig. 1 were 

calculated using the optimized Ansoft HFSS. Thus, the di-

mensions of the proposed antenna were set as follows: R 1 = 

10.0 mm; R2 = 9.0 mm; R 3 = 6.3 mm; L1 = 39.5 mm; L 2 = 

6.5 mm; L 3 = 6.5 mm; L 4 = 7.5 mm; L 5 = 7.8 mm; L 6 = 1.2 

mm; L 7 = 10.0 mm; L 7 = 2.0 mm; W1 = 25.0 mm; W 2 = 

11.0 mm; W 3 = 1.5 mm; W 4 = 3.0 mm; Ls1 = 6.4 mm; Lt1 = 

14.1 mm; Ls2 = 5.5 mm; Lt2 = 6.6 mm; Ws1 = 0.3 mm; Ws2 = 

0.3 mm; and h = 1.0 mm. From the simulation results, the 

impedance bandwidth has the frequency band of 2.46 to over 

14.80 GHz with two rejection bands around 3.256–3.925 

GHz and 5.125–5.913 GHz. 

III. MEASUREMENT 

A photograph of the fabricated proposed antenna with du-

al band-notched characteristics is illustrated in Fig. 6. Fig. 

6(a) and (b) show the front and back view of the fabricated  
 

(a) (b) 

Fig. 6. Prototype of the proposed dual band notched UWB antenna. (a) 

front view and (b) back view. 
 

 
Fig. 7. Simulated and measured VSWR vs. frequencies of the proposed 

antenna. 

 

 
                      (a)                   (b) 

Fig. 8. Simulated surface current distributions at two different frequen-

cies. (a) 3.66 GHz and (b) 5.68 GHz. 
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antenna, respectively. Fig. 7 plots the simulated and mea-

sured VSWR as a function of frequency for the proposed 

antenna. The VSWR of the proposed antenna is measured 

using the Anritsu MS4644A vector network analyzer. The 

measurement demonstrates that the proposed antenna exhibits 

dual-notched frequency bands of 3.325.2–3.925 GHz and 

5.3125–6.025 GHz, while maintaining a wideband perfor-

mance from 1.775.5 to 13.075 GHz for VSWR ≤ 2, cover-

ing the entire UWB frequency band (3.1–10.3 GHz). 

The measured notched band shows an upwards shift from 

the simulated results. The difference is mainly accounted for 

by the effect of the SMA and possible numerical errors. As 

Fig. 9. Radiation patterns of the proposed antenna for the UWB operation frequencies in (a, c, e) the E-plane at 3.1 GHz, 6.1 GHz, 9.1 GHz and 

(b, d, f) the H-plane at 3.1 GHz, 6.1 GHz, 9.1 GHz, respectively.

 
(a) 

 

 
(b) 

 

 
(c) 

 

 
(d) 

 

 
(e) 

 
(f) 
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the simulation used a waveguide port, and since an SMA 

connector was used for the measurement, a difference ap-

peared between the measurement and simulation results.  

To better understand the band-notched behavior of the 

antenna, the simulated surface current distributions on the 

proposed antenna are presented and discussed. Fig. 8 depicts 

the current distribution of the proposed antenna at 3.66 and 

5.68 GHz. It is seen that dense currents are distributed 

around the U-shaped slots at notch frequencies of 3.66 and 

5.68 GHz, which may cause impedance variations in forming 

the notch bands. At the operating frequency of 3.66 and 5.68 

GHz, the current distributions are mostly concentrated on 

the U-shaped slot and the inverted U-shaped slot in the pot-

shaped antenna, causing the notched bands.  

The radiation characteristics of the proposed antenna are 

measured. All the results are tested using ACE. The mea- 

sured far-field radiation pattern of the proposed antenna at 

frequencies of 3.1 GHz, 6.1 GHz, and 9.1 GHz in the two 

principles-E plane (xz-plane) and H plane (yz-plane)-are 

shown in Fig. 9. It is seen that the radiation patterns in the 

E-plane are bidirectional radiation for operating at all fre-

quencies, and the radiation patterns in the H-plane as some-

what omni-directional.  

Furthermore, Fig. 10 presents the measured peak gain va-

riations against the frequency of the proposed antenna with 

and without the U slots on the radiating patch. As observed, 

a sharp gain reduction is obtained at the 3.5 GHz band and 

5.5 GHz band. The proposed antenna successfully pe- 

rformed with the rejection in 3.5 and 5.5 GHz notched 

bands. The gains range from 1.183 to 5.8 dBi over the oper-

ating band of 3.1–10.6 GHz, except the 3.3–3.7 GHz band 

with the lowest point of -3.693 dBi at 3.6 GHz and the 5–6 

GHz band with the lowest point of -4.988 dBi at 5.6 GHz. 

IV. CONCLUSION 

In this article, a simple pot-shaped planar UWB antenna 

with dual band-notched characteristics has been presented, 

and its characteristics are investigated. By adjusting the 

lengths, widths, and locations of a U-shaped slot and an in-

verted U-shaped slot, we can obtain the optimized antenna 

dimensions. Furthermore, the results of the studies on the 

simulated surface current distributions at the dual band-

notched frequencies are discussed herein. The fabricated an-

tenna has a frequency band of 1.775 to over 13.075 GHz 

with two rejection bands of 3.325.2–3.925 GHz and 5.3125–

6.025 GHz, while maintaining a wideband performance 

from 1.775.5 to 13.075 GHz for VSWR ≤ 2, covering the 

entire UWB frequency band (3.1–10.3 GHz). The proposed 

UWB antenna also exhibits omni-directionality in the H- 

 
Fig. 10. Measured antenna peak gains for the following operating fre-

quencies. 
 

plane and a monopole-like pattern in the E-plane. The gains 

range from 1.183 to 5.8 dBi over the operating band of 3.1–

10.6 GHz, except the 3.3–3.7 GHz band with the lowest 

point of -3.693 dBi at 3.6 GHz and the 5–6 GHz band 

with the lowest point of -4.988 dBi at 5.6 GHz. The com-

pact size and viable antenna characteristics of the presented 

antenna make it appropriate for UWB system applications.  

  

This research was financially supported by the Ministry 

of Education, Science, and Technology (MEST) and the 

National Research Foundation of Korea (NRF) through 

the Human Resource Training Project for Regional Inno-

vation. The authors would like to thank senior director C. 

H. Lee and senior engineer S. H. Oh at the R&D Centre 

of Ace Technologies Corp. in Korea for their assistance in 

the measurement of antenna radiation patterns. 

  

REFERENCES 

[1] Federal Communications Commission, "Revision of Part 

15 of commission’s rule regarding UWB transmission 

system," Federal Communications Commission, Wash-

ington, DC, FCC 02-48, 2002. 

[2] Z. N. Chen, "Development of ultra-wideband antennas," 

Journal of Electromagnetic Engineering and Science, vol. 13, 

no. 2, pp. 63-72, 2013. 

[3] H. Schantz, The Art and Science of Ultrawideband Anten-

nas. Norwood: MA, Artech House, 2005. 

[4] H. Arslan, Z. N. Chen, and M. G. Di Benedetto, Ultra-

Wideband Wireless Communication. Hoboken, NJ: John 

Wiley & Sons, 2006. 

[5] M. Razavi-Rad, C. Ghobadi, J. Nourinia, and R. Zaker, 

"A small printed ultra-wideband ploygon-like wide slot 

antenna with a fork-like stub," Microwave Journal, vol. 53, 

no. 3, pp. 118-126, 2010. 

[6] C. Y. Liu, Y. S. Li, T. Jang, and X. D. Yang, "Compact 



MOK et al.: DESIGN OF A POT-SHAPED MONOPOLE ANTENNA WITH DUAL BAND NOTCHED CHARACTERISTICS FOR UWB APPLICATION  

49 

  
 

CPW-fed UWB antenna with a notched band character-

istic," Microwave Journal, vol. 54, no. 8, pp. 104-112, 

2011. 

[7] M. Mehranpour, J. Nourinia, C. Ghobadi, and M. 

Ojaroudi, "Dual band notched square monopole antenna 

for ultrawideband applications," IEEE Antennas Wireless 

Propagation Letters, vol. 11, pp. 172-175, 2012. 

[8] K. P. Ray, S. S. Thakur, and A. A. Deshmukh, "Slot cut 

printed elliptical UWB monopole antenna," Microwave 

and Optical Technology Letters, vol. 56, no. 3, pp. 631-
635, 2014. 

[9] K. M. Hanapi, S. K. Abdul Rahim, B. M. Saad, A. Rani, 

M. Subri, and M. Z. Abd Aziz, "An elliptically planar 

UWB monopole antenna with step slots defective ground 

structure," Microwave and Optical Technology Letters, vol. 

56, no. 9, pp. 2084-2088, 2014. 

[10] S. Tripathi, A. Mohan, and S. Yadav, "A compact 

UWB antenna with dual 3.5/5.5 GHz band-notched 

characteristics," Microwave and Optical Technology Let-

ters, vol. 57, no. 3, pp. 551-556, 2015. 

[11] G. P. Gao, L. He, B. Hu, and X. Cong, "Novel dual 

 

 

 

 

Kwang Yun MoK 
received his B.S. and M.S. degrees in Information 

and Communication Engineering from Kyungnam 

University, Changwon, South Korea in 2015 and 

2017, respectively. Since Jan., 2017, he has worked 

for SJ System Co. Ltd. in Changwon, South Korea.  

His main research areas are microwave and RF cir-

cuit design and antenna. 

 

 

 

 

 

 

 

Young Chul Rhee 
received M.E. and Ph.D. degrees in electronics en-

gineering from Yonsei University and Ajou Univer-

sity in Korea, in 1978 and 1990, respectively. From 

1978 to 1981, he was at the Korea Naval Academy 

as a full-time instructor. Since then, he has been 

Professor of Information and Communication En-

gineering at Kyungnam University, Korea. His main 

research areas are solid state microwave amplifier and 

solid state radar systems, as well as mobile communications RF modules. 

He is a member of IEEK, KICS, and IEEE. 

 

 

band-notched UWB antenna with T-shaped slot and 

CSRR structure," Microwave and Optical Technology Le-

tters, vol. 57, no. 7, pp. 1584-1590, 2015. 

[12] H. Li, L. Kang, D. W. Mi, and Y. Z. Yin, "Simple dual 

band-notched UWB antenna loaded with single U-

shaped resonator," Microwave and Optical Technology 

Letters, vol. 57, no. 9, pp. 2129-2134, 2015. 

[13] Y. Jin, J. Tak, and J. Choi, "Quadruple band-notched 

trapezoid UWB antenna with reduced gains in notch 

bands," Journal of Electromagnetic Engineering and Sci-

ence, vol. 16, no. 1, pp. 35-43, 2016. 

[14] A. Subbarao and S. Raghavan, "A novel pot shaped 

CPW-fed slot antenna for ultra wideband applications," 

in Proceedings of 2011 International Conference on Emerg-

ing Trends in Electrical and Computer Technology (ICE-

TECT), Nagercoil, India, 2011, pp. 1119-1122. 

[15] A. Subbarao and S. Raghavan, "A miniaturized ultra 

wideband slot antenna with band notched characteris-

tic," International Journal of Microwave and Optical 

Technology, vol. 6, no. 5, pp. 278-283, 2011. 

 
 

 
 

 

 
 

Joong Han Yoon 
received his B.S., M.S., and Ph.D. degrees in elec-

tronics engineering from Inha University in Incheon, 

South Korea, in 1994, 1996, and 2003, respectively. 

From 2003 to 2005, he completed post-Doctoral 

fellowships at Inha University in South Korea and 

Yokohama National University in Japan. From No-

vember 2005, to August 2008, he served as Senior 

Engineer for Samsung Electro-Mechanics in Suwon, 

South Korea. From September 2008, he has been a faculty member in the 

Department of Electronic Engineering at Silla University in Busan, South 

Korea. His research interests include mobile antenna, RFID, digital radar.  

 

 


