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Abstract - The EM conduct of the coplanar waveguide fed, filled split ring resonator to the ultra-wideband antenna with single 
band notch symptoms have offered. The size of proposed antenna 30x35x1.6 mm3 is very compact and easy to integrate with 
handheld devices. Here the antenna loaded with SRRs to create single frequency notch in 6.41GHz to 8.26 GHz used for X-band 
satellite communication. The radiation pattern of H-plane is omnidirectional and radiation pattern of E-plane exhibits like a dipole. 
The antenna gain is stable across the absolute operating frequency besides at notch. Therefore, a VSWR< 2 with a large bandwidth 
was cognizable. This work investigates several problems simulated using HFSS (High frequency structure simulator) tool. 

Keywords: - Ultra-wideband (UWB), Circular Monopole, Split Ring resonator (SRR). 

 

I.       INTRODUCTION 
 
In 2002, the FCC (Federal Communications Commission) release of 10 dB unlicensed bandwidth of 7.5 
GHz, ranging from 3.1 to 10.6 GHz by effective isotropic radiated power (EIRP) spectral density as -41.3 
dBm/MHz for commercial use in radio communication. The UWB communication has witnessed all over 
the world to make use of this bandwidth for enhanced data rate and a variety of other purposes. The UWB 
communication has the inherent advantage of small size, low power consumption, simple structure and 
ease of concord together with high transmission rates and relatively good omnidirectional property.  
While 7.5 GHz bandwidth is the core motivation for developing high data rate devices, which may 
potentially meddle with UWB communication such as X-band satellite communication system at 
8.23GHz. While having 6.19GHz to 8.03 GHz for downlink and 8.03GHz to 8.57 GHz for uplink 
communication. The antenna being an essential component of UWB communication, it is thus incumbent 
to design the same having band notched function to avoid interference with the excluding wireless 
network technologies. The main challenge in designing an UWB antenna for indoor communication 
system is the avoidance of interference with egress narrowband services, which may cause potential 
interference. 
 
Characteristic of the multi-frequency signal rejection, complementary co-directional SRR is promising for 
UWB antenna ensure multiple notched bands. With its help in this communication, single, dual, triple 
notched bands can be easily cognizable at such a dense antenna respectively. In the recent literature, the 
UWB monopole planar antenna is widely used due to its simple structure and low cost. Several designs of 
monopole planar UWB antenna have proposed. Some of these antennas, it involves complex calculation 
and complicated fabrication process. Therefore, we use a simple method to design the CPW feed circular 
monopole antenna using UWB applications with notch characteristics 
 
 
 
 

II. PROPOSED ANTENNA DESIGN 
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A Coplanar Waveguide feed circular monopole antenna with return loss graph, which shows below -10dB 
for entire UWB bandwidth 3.1GHz to 10.6 GHz in Fig.1. 

 

 
Fig.1 CMA 

 

 
 

Fig.2 Simulated graph of CMA 
 
For further betterment, we used SRR (Split Ring Resonator) in this antenna design. This paper describes a 
design of single band UWB circular monopole antenna   loaded by  SRR on the opposite surface of a 
CPW fed circular monopole antenna. The SRR pair is inductively coupled to the radiator and loaded on 
the side-by-side of the CPW feed line, which results in a notch frequency determined by the SRR 
geometrical dimensions. SRR is one of the metamaterials artificial structures that is implemented in 
antenna design for their unique negative permittivity/permeability properties. SRR will be designed using 
the material to achieve notch characteristics centered at 4.3 GHz so as to reduce the interference from X-
band satellite communication system. The suppression of the useless radiation from the X- band Satellite 
Communication, notch frequency is due to the effect of a strong magnetic coupling between the SRR. The 
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magnetic coupling between the SRRs are used here to filter out the undesired frequencies and avoid 
possible interference within the UWB (3.1 to 10.6 GHz) region. 
 

 
(a) 

 

 
(b) 

Fig.3: Design of proposed antenna (a) Top view & (b) Side view of antenna 
 

The proposed antenna has optimized by using HFSS (High Frequency Structure Simulator). The 
rectangular shaped SRR is placed on the side by side of the CPW feed line with a 0.2 mm small 
difference should be properly arranged in such a manner so that antenna is able to operate on  4.3 GHz.  
Antenna design is shown in Fig.3. In Fig.3, (a) shows a top view of the antenna and (b) shows the side 
view of antenna and side view showing substrate, patch, and ground and feeding of designing an antenna. 
Parametric view of designing antenna is shown in Fig.4. The dimension of each part of circular monopole 
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Fig.4: Parameter of an Antenna Design 
 

antenna SRR, ground and the patch are shown above. Length and width of the antenna and each part are 
shown by using parameters L, W, R, S, Sg, L1, a, b and c. In this FR4 material substrate is used. The 
length and width of CPW feed line are also independent and could be change according to the desired 
results. In this design, the length of feed is 3mm, the width of the feed is 13 mm and that  feed connect 
with the ground and a patch of the antenna. 

 
TABLE – I 

 
The propagating EM signal along the CPW feed line having its magnetic field oriented along the axis. 
The SRR induces an electromotive force which turn   induces a current oscillating between the two rings 
of the SRR. This oscillating current between two rings yields a resonance, which determined by the 
SRR’s geometry and prohibits signal propagation at that frequency. This resonance frequency can be 
determined from the equivalent current approach demonstrated in which involves calculation of 
distributed capacitance between the rings of the SRR and total inductance of the SRR.  The SRR 
resonance frequency can calculate from the following section. SRR resonance frequency calculated by 
formulae, 
 

f0 = 1/2π√1/√𝐿𝐶                                   (1) 
 
The notch characteristics of the SRR loaded CPW feed circular monopole antenna can be calculate using 
the following formulae, 

εreff = (εr + 1)/2+(εr – 1)/2�1 + 12 �𝐻
𝑤
��

−12
  (2) 

 
Where, εeff is the effective dielectric constant and εr is 4.4 as the substrate is FR4, h is 1.6 mm having 
height of the substrate. By using, all values εeff can be calculate. 
 

III. SIMULATED RESULTS AND DISCUSSIION 
 

A  CPW fed circular monopole UWB antenna to obtain single frequency notch is simulated on FR4 
substrate having thickness h=1.6 mm and dielectric constant Er=4.4. This prototype were designed and 
simulated on FR4 material using a commercial EM simulator that is  HFSS. 
 
 UWB antenna operates in the frequency range 3.1 to 10.6GHz.The S11of the CMA shows in Fig 2 
should be less than -10 dB to get the stable radiation characteristics throughout entire bandwidth In Figure 

Parameter Value (mm) 
L 35 
W 30 
R 10.46 
L1 13.5 
S 3.2 
Sg 0.2 
A 6 
B 2 
C 2 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 8, Issue 11, November-2017                                                           1340 
ISSN 2229-5518  

IJSER © 2017 
http://www.ijser.org 

5 shows the frequency response of the circular monopole antenna with dip of the notch characteristics 
below from -10dB for the entire bandwidth (3.1 GHz to 10.6GHz). The current oscillating between the 
SRR exhibits filter characteristics, which determined by SRR geometry and desired notch frequency. The 
rectangular shaped SRR is placed on the patch of the circular monopole antenna and arranged side-by-
side of the CPW feed line and due to this notch generated. 
 

 
 

Fig.5: Simulated return loss (S11) of the SRR loaded CPW fed UWB circular monopole antenna 
with notch frequency 

 
The notch of X-band satellite communication is generated because of SRR, which has 8.23 GHz 
frequency notch and -28.83 dB (8.01 to 8.57 GHz) return loss. Moreover, the X-band satellite 
communication is reserve for defense services. 
 
 
 
 
 
 
 
This is the combined return loss graph with and without SRR loaded, which are shows in Fig.6 
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Fig.6 Simulated Return Loss with and without SRR Loaded 
 
Different values of SRR:- 
 

 

Fig. 7 Simulated Return Loss with Different SRR values 

The VSWR plot of the SRR loaded circular monopole antenna is shown in  figure . The Figure 8 observed 
that VSWR values are less than 2 for entire bandwidth except 7.34 GHz notch frequency. 
 
 

-30 

-25 

-20 

-15 

-10 

-5 

0 

2 4 6 8 10 12 

R
et

ur
n 

L
os

s 

Frequency 
With SRR Loaded Without SRR Loaded 

-25 

-20 

-15 

-10 

-5 

0 

2 4 6 8 10 12 

R
et

ur
n 

Lo
ss

 

Frequency 
When Width - 0.5 When Width - 0.3 When width - 0.4 

Value Return 
Loss 

0.3 -22dB at 
4.5 GHz  

0.4 -21dB at 
4.5GHz 

0.5 -22dB at 
4.3GHz 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 8, Issue 11, November-2017                                                           1342 
ISSN 2229-5518  

IJSER © 2017 
http://www.ijser.org 

 

Fig.8: Simulated VSWR of the antenna 

For better rejection coefficient, the voltage standing wave ratio should be less than 2.This is the combined 
VSWR graph with and without SRR loaded shows in Fig.9.

 

Fig. 9. Simulated VSWR With and Without SRR Loaded 

 
 
 
 
 
 
 
 
 
 
Radiation Pattern with SRR- 
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Fig.10: Radiation pattern of the E and H plane directional pattern 
 
 

The radiation pattern shows the variation of the power radiated by an antenna is a function of the direction 
away from the antenna. This power variation function of the arrival angle has observed in the antenna’s 
far field. 
 

 
Fig. 11. Radiation pattern of E-Plane 

Radiation Pattern of without SRR:-  

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 8, Issue 11, November-2017                                                           1344 
ISSN 2229-5518  

IJSER © 2017 
http://www.ijser.org 

 
Fig. 12. Radiation pattern of E-Plane without SRR Loaded 

 
 

 
 

Fig. 13. Radiation pattern of E& H Plane without SRR Loaded 
 
 

The center frequency of desired antenna is 4.3GHz, the whole antenna will support on the center 
frequency at 4.3GHz, and the bandwidth is 3.1 GHz to 10.6 GHz (Ultra-wideband frequency). The 
Radiation pattern of the proposed antenna for 4.3GHz is shown in Fig.10. The antenna design shows 
a directional radiation pattern, in other words, an antenna radiate in a particular direction and operate its 
own center frequency at 4.3GHz. The Radiation pattern of the proposed antenna for omnidirectional 
pattern and directional pattern is shown in Fig.11. Radiation pattern for omnidirectional at (Phi= 0°) ∅=0° 
and directional pattern at (Phi= 90°) ∅=90°. Omnidirectional pattern has plotted on an XZ - Plane and the 
directional pattern has plotted on a YZ - plane. In Fig.10, the radiation pattern of directional antenna is 
also known Dipole pattern (E- Plane) and the omnidirectional pattern is on H-Plane. In Fig.11, the 
radiation patterns are on the EH - plane. 
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Current Distribution without SRR:- 
 

 
Fig.14. Current Distribution without SRR Loaded 

 
Current Distribution with SRR:- 
 

Fig. 15. Current Distribution of with SRR 
 
 

This effect can be further investigated in terms of leaky-wave interaction between the ground plane and 
the feed line and the radiating patch. The leaky wave was presented through the leakage current 
distribution as shown in Fig. 15. It can be seen that the leakage current distribution from the ground plane 
is weaker. As a result, the operational characteristics of the antenna become better. 
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IV. CONCLUSION 
 
A CPW fed circular monopole UWB antenna loaded with rectangular shaped SRRs with single frequency 
notch characteristics on FR4 substrate has been proposed and presented in this work.  The work with 
precise positioning of the SRR place on the side-by-side of the CPW feed line.The proposed antenna is 
able to cover the entire UWB spectrum except at 8.23GHz which obtained by SRR. The electromagnetic 
coupling between the CPW and SRR at its resonance frequency yields the desired frequency notch. Since, 
the antenna dimension and SRR dimensions are independent of each other,SRR dimension only depands 
on the notching frequency. The notch frequency can be customized to the desired value by changing the 
SRR dimensions. 
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