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ABSTRACT 

A small size ultra-wideband (UWB) antenna having dimensions of 12x 19 mm
2
incorporated with dual band-

rejected properties and good gain is recommended in this paper. The recommended antenna consists of a microstrip line 

fed rectangular-shaped patch with a circular slot on one side of FR4 substrate and rectangular DGS (Defected Ground 

Structure) on the other side. By etching a circle on the patch, dual band notch properties are obtained from 5.08 to 6.14 

GHz WLAN band and 9.58 to 10.69 GHz. The recommended antenna has an impedance bandwidth ranges from 4.6 to 11.2 

GHz. Simulation is carried out with HFSS software and measurements are carried out with E5071C Vector Network 

Analyzer. Simulated results are compared with measured results and they are in good agreement. We have observed there 

is no significant change in the return loss parameters even though the circular slot of same dimensions etched on ground. 

This suggested antenna can be used to overcome the Electromagnetic Interference (EMI) between UWB systems and 

WLAN systems.  

 
Keywords: compact antenna, frequency notched, circular slot, ultra-wideband. 

 

1. INTRODUCTION 
Advantages like high transmission data rate, 

inexpensive, low power utilization of Ultra-wideband 

(UWB) technology are providing competent solutions for 

future wireless technology. Federal Communications 

Commission (FCC) authorized UWB technology for 

unlicensed use of bandwidth from 3.1 GHz to 10.6 GHz in 

2002 [1]. This UWB system is having interference with 

some of the existing systems like WLAN operating at 5.15 

- 5.825 GHz and a part of X and applications operating at 

9.58 - 10.69 GHz. There is a need to avoid the interference 

caused by narrow band systems with UWB signals as the 

signal strength in narrow band systems is high. Addition 

of band pass filters will solve the purpose but they 

increase the system complexity and cost. Hence it is 

required to design an antenna with inbuilt frequency notch 

characteristics as antenna is one of the key components in 

the UWB system. 

Many methods are available in the literature to 

achieve band-notched characteristics. A small ultra-

wideband (UWB) microstrip fed monopole antenna having 

frequency band stop function is suggested in [2]. In this a 

narrow slit is used to increase the impedance bandwidth of 

an antenna. By implanting an altered inverted U-slot on 

the suggested antenna, the frequency band stop properties 

are obtained. By employing a CCRC cell [3], A frequency 

notched UWB antenna using two split trapezoidal slots 

connected in a reverse way is realized in [4], with folded 

strip for ultra wideband applications is suggested in [5]. In 

[6] an antenna with partial ground, concave circled and 

convex circled radiating patch is discussed. In [7] an 

antenna utilized a C-shaped ground to appreciate a small 

size and a pair of open-loop resonators (OLRs) to create 

notched band. A tunable notched band antenna of 2.7–7.2 

GHz by inserting a 𝝅 shaped slot on the radiating patch is 

presented in [8]. A rectangular slot antenna comprises of 

an inverted T-shaped conductor backed plane inside the 

rectangular slot with a rotated C shaped strip on the rear 

side of the substrate to get UWB coverage along with 

frequency notch function is suggested in [9]. A printed 

UWB planar dual band-notched antenna using parasitic 

elements is presented in [10]. A dual band-notched printed 

ultra-wideband monopole antenna with a modified ground 

plane is discussed in [11]. A simple rectangular monopole 

dual notch UWB antenna with simple patch and ground 

plane of rectangular shape is presented in [12]. Two 

inverted L-shaped stubs have been placed on the bottom of 

the substrate above ground plane. These stubs connected 

to the patch act as resonant elements and create filtering 

function. Different configurations of printed UWB 

monopole antennas with tri-band notched characteristics 

are discussed in [13] by introducing electrically small, 

capacitive-loaded loop (CLL) resonators. In [14] a novel 

ultra wideband (UWB) antenna with dual sharply rejected 

notch bands is proposed by the use of two short-circuited 

folded stepped impedance resonators (SIRs) and a partially 

truncated ground plane. A dual notch band antenna 

consists of a square radiating patch with an inverted T-

shaped ring slot, surrounded by a C-shaped slot is 

suggested in [15]. In [16] a T-shaped stub-loaded ring-

resonator (SLRR) slot etched on the ground plane or on 

the radiating patch and analyzed for antenna applications. 

In [17] a C slot is etched on patch to get notched 

properties and DR material is used in [18] 

 

2. ANTENNA GEOMETRY AND DESIGN 
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Figure-1. Geometry of the printed UWB antenna; (a) front 

view (b) back view. 

 

Table-1.Optimized dimensions of the 

suggested antenna. 
 

Parameter Wsub Lsub Wp Lp L1 

Value (mm) 12 19 8 13.5 1.34 

Parameter Wf Lf d Lg1 Lg2 

Value 2.8 5 5.16 12 1 

 

The conventional and easy way to achieve band-

notched function is by embedding slots on either radiating 

patch or on the ground plane, which results in the changed 

surface current distributions. In this paper, a circular slot is 

etched on the patch of proposed UWB antenna to get a 

dual notch bond. The geometry and dimensions of the 

antenna are shown in Figure-1 and Table-1. The first notch 

at 5.5 GHz and second notch band is at 10 GHz.  

 

 
(a) Front View     (b) Rear View 

 

Figure-2. Photograph of the fabricated Antenna. 

 

The suggested antenna is fabricated on FR4 

substrate with a dielectric constant of 4.4 and with 

thickness of 1.6 mm as shown in Figure-2. The proposed 

antenna works in TM mode. The equivalent circuit 

diagram in TM mode of a patch antenna is parallel 

combination of RLC as shown in Figure-3. 

 

 
(a)            (b) 

 

Figure-3. Equivalent circuit of slot loaded rectangular 

microstrip patch antenna. 

 𝐶 =  𝜀𝑒𝜀  𝐿ℎ cos− 𝜋𝑧𝐿                                   (1) 

 ℎ = Thickness of substrate 𝜀𝑒 = Effective dielectric constant 𝜀   = Permittivity of free space 𝑧  = feed point location along z- axis 

 𝐿 =  𝐶 𝜔                       (2) 

 𝑅 =  𝜔 𝐶                      (3) 

 

The input impedance of the circuit excluding slot 

is shown in Figure-3 (a) and the input impedance is 

expressed as 

 𝑍 𝑛 =  1+ 𝑗𝜔𝐶 + 𝜔𝐿  

= 𝜔 𝐿 −   𝜔𝐿 (𝜔 𝐿 𝐶 − )𝜔 𝐿 + 𝜔 𝐿 𝐶 −                                                 (4) 

 

The above equation can be expressed as  

 𝑍 𝑛 = 𝑅 − 𝑗𝑋                     (5) 

 

Where R and X are tge real and imaginary part of 𝑍 𝑛 respectively. 

The input impedance of the slot loaded patch is 

shown in Figure-3 (b) and is expressed as 

 𝑍 𝑛𝑠 = 𝑅 − 𝑗𝑋 𝑗𝑋𝑠𝑅 − 𝑗𝑋 + 𝑗𝑋𝑠  = . + .− − -                                   (6) 

 

Using this value, the reflection coefficient and 

VSWR can be calculated as (7) 

 

Reflection coefficient  Γ =  𝑍 −𝑍𝑖𝑛𝑍 +𝑍𝑖𝑛                   (8) 

 

Where 𝑍  is characteruistic impedance of 

microstrip line feeding (50 ohms) 

 VSWR = +|Γ|−|Γ|                                   (9) 
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3. RESULTS AND DISCUSSIONS 
The results from frequency domain analysis such 

as return loss, radiation characteristics and gain of the 

proposed notched band antenna are presented and 

discussed in this section. The simulated return loss of the 

proposed antenna with circular slot on patch and circular 

slot on ground are shown in Figure-4. In both the cases the 

result is almost same except that when slot is present on 

ground a narrow width notch band is obtained and depth 

of return loss increased. HFSS software is used to simulate 

the results and E5071 C Vector Network Analyzer is used 

to get practical results. The simulated and experimental 

results of suggested antenna are shown in Figure-5. 

 

 
 

Figure-4. Simulated and measured return loss when circular slot is present on patch and on ground. 

 

 
 

Figure-5. Simulated and measured return loss of the proposed antenna 

 

Figure-5shows comparison between the 

simulated and measured return loss of the band notched 

antenna. It can be noted that a relatively good agreement is 

achieved between the measured and simulated results at 

both of the targeted notched bands. This proposed antenna 

model has successfully filtered out the WLAN band from 

5.08 to 6.14 GHz and partially notched X band from 9.58 

to 10.69 GHz. This discrepancy from the simulation result 

might be due to improper soldering and manufacturing 

tolerance. Figure-6 shows current distribution at different 

frequencies and at5.5GHz (notched band) the current 

density is maximum especially around the circular slot. 
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Figure-6. Current distribution of suggested antenna at (a) 4.5 GHz (b) 5.5 GHz (c) 8 GHz 

 

The radiation patterns of the suggested antenna in 

the E-plane and the H-plane at 4.5 GHz, 5.5GHz and 8 

GHz are represented in Figure-7. The choice of these 

frequencies is made in order to establish any degradation 

in the radiation pattern of the antenna when the frequency 

notch occurred (5.5 GHz). E-plane is they-z plane and H-

plane is the x-z plane with reference to the antenna 

orientation. As can be seen in Figure-7, the patterns 

obtained are typical of those for monopole antennas. A 

slight distortion can be seen in the radiation pattern for the 

band notch frequency. The degradation of radiated field 

can be further verified by the simulated gain result 

presented in Figure-8. 

 

 
 

Figure-7. Simulated (a) E- plane radiation patterns (b) H-plane radiation patterns of the antenna 

at4.5 GHz, 7 GHz, and 9 GHz. 

 

Figure-8 shows the variation of gain at different 

frequencies and the maximum gain is 4.05dB at 8GHz. It 

is seen that a lower gain causes the radiator to display 

good omnidirectional characteristics. On the other hand, a 

remarkable reduction in the gain can be seen at 5.5 GHz.
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Figure-8. Simulated gain of the antenna (Gain in dB Vs Frequency) 

at (a) 4.5 GHz (b) 5.5 GHz (c) 8GHz. 

 

4. CONCLUSIONS 

A simple compact circular slotted rectangular 

UWB antenna with WLAN and partial X band rejection is 

proposed and discussed. The impedance bandwidth of the 

designed antenna ranges from 4.6 to 11.2 GHz. It has 

acceptable impedance bandwidth and stable radiation 

patterns throughout the UWB spectrum. Dual notched 

bands are created from 5.08 to 6.14 GHz and 9.58 to 10.69 

GHz by etching a circular slot on patch.  These obtained 

features make the suggested antenna a suitable candidate 

to overcome the coexisting issue between WLAN systems 

and partial X band applications.  

 

REFERENCES 

 

[1] First Report and Order 02-48,”FCC, February 2002. 

[2] Kyungho Chung, Jaemoung Kim, Jaehoon Choi. 

2005. Wideband microstrip-fed monopole antenna 

having frequency band-notch function. IEEE 

Microwave Wireless Component Letters. 15(11): 766-

768. 

[3] Shi-Wei Qu, Jia-Lin Li, QuanXue. 2006. A band-

notched ultra wideband printed monopole antenna,” 
IEEE Antennas and Wireless Propagation Letters.5: 

495-498. 

[4] I-Tseng Tang, Ding-Bing Lin, Geng-Hong Liou, Jui-

Hong Horng. 2008. Miniaturized 5.2 GHz notched 

UWB CPW-fed antenna using dual reverse split 

trapezoid slots. Microwave and Optical Technology 

Letters. 50(3): 652-655. 

[5] Tzyh-Ghuang Ma, Sung-Jung Wu. 2007. Ultra 

wideband band-notched folded strip monopole 

antenna. IEEE Transactions on Antennas and 

Propagation. 55(9): 2473-2479. 

[6] Mohamed Hayouni, FethiChoubani, Mohsen Denden, 

Tan HoaVuong, Jacques David. 2011. A novel 

compact ultra-wideband rectangular shaped antenna. 

Progress in Electromagnetics Research Symposium 

Proceedings. pp. 381- 385. 

[7] Tong Li, HuiqingZhai, Long Li, Changhong Liang, 

Yinfu Han. 2012. Compact UWB antenna with 

tunable band-notched characteristic based on 

microstrip open-loop resonator. IEEE Antennas and 

Wireless Propagation Letters. 11: 1584-1587. 

[8] SajjadAbazari Aghdam. 2014. A novel UWB 

monopole antenna with tunable notched behavior 

using varactor diode. IEEE Antennas and Wireless 

Propagation Letters. 13: 1243-1246. 

[9] Mohammad Ojaroudi, Nasser Ojaroudi. 2014. Ultra-

wideband small rectangular slot antenna with variable 

band-stop function. IEEE Transactions on Antennas 

Propagation. 62(1): 490-494. 

[10] A. M. Abbosh, M. E. Bialkowski. 2009. Design of 

UWB planar band-notched antenna using parasitic 

elements. IEEE Transactions on Antennas 

Propagation. 57(3): 796-799. 

[11] Reza Zaker, ChangizGhobadi, JavadNourinia. 2009. 

Bandwidth enhancement of novel compact single and 

dual band-notched printed monopole antenna with a 

pair of L-shaped slots. IEEE Transactions on 

Antennas Propagation. 57(12):3978-3983. 

[12] HosseinMardani, ChangizGhobadi, JavadNourinia. 

2010. A simple compact monopole antenna with 

variable single- and double-filtering function for 

UWB applications.IEEE Antennas and Wireless 

Propagation Letters. 9: 1076-1079. 

[13] Chia-Ching Lin, Peng Jin, Richard W. Ziolkowski. 

2012. Single, dual and tri-band-notched ultra 

wideband (UWB) antennas using capacitive loaded 

https://www.researchgate.net/journal/1098-2760_Microwave_and_Optical_Technology_Letters
https://www.researchgate.net/journal/1098-2760_Microwave_and_Optical_Technology_Letters


                                    VOL. 12, NO. 13, JULY 2017                                                                                                              ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                              4018 

loop (CLL) resonators. IEEE Transactions on 

Antennas Propagation. 60((1): 102-109. 

[14] Y. Sung. 2012. UWB monopole antenna with two 

notched bands based on the folded stepped impedance 

resonator. IEEE Antennas and Wireless Propagation 

Letters.11: 500-502. 

[15] Nasser Ojaroudi, Mohammad Ojaroudi. 2013. Novel 

design of dual band-notched monopole antenna with 

bandwidth enhancement for UWB applications. IEEE 

Antennas and Wireless Propagation Letters.12: 698-

701. 

[16] Kai Da Xu, Yong Hong Zhang, Ronald J. Spiegel, 

Yong Fan, William T. Joines, Qing Huo Liu. 2015. 

Design of a stub-loaded ring-resonator slot for 

antenna applications. IEEE Transactions on Antennas 

Propagation. 63(2): 517 -524. 

[17] A. Sudhakar, M. Satyanarayana, M.Sunil Prakash, 

SudhirKumar Sharma. 2016. Compact UWB planar 

antenna with WLAN band rejection. International 

Journal of Microwave and Optical Technology. 

11(2):123-130. 

[18] A. Sudhakar, M. Satyanarayana, M.Sunil Prakash, 

Sudhir Kumar Sharma. 2016. WLAN frequency 

notched printed microstrip antenna with S shaped slot 

and dielectric resonant material. Indian Journal of 

Science and Technology. 9(40): 1-6. 


