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ABSTRACT 

In this article, we propose a radiating circular patch antenna with a partial ground plane, feed by a microstrip line, 

with a triangular shaped slots and one circular-ring-shaped slot in the radiating patch that can be deployed in mobile 

communication systems to avoid interferences with wireless local area network (WLAN) communication systems. 

Measured impedance bandwidth of the antenna is (0.89 GHz - 4.6 GHz), which covers GSM-900/1800/1900, UMTS 2.1 

GHz (3G), UMTS 2.6 GHz (4G) and 3.5 GHz (WiMAX) for S11 < -10 dB and also the proposed antenna have a single stop 

band from 2.4 GHz to 2.6 GHz for rejecting the WLAN IEEE 802.11 b/g/n frequency band. The studied antenna design, 

analysis and characterization has been performed using a commercially available electromagnetic solver based on finite 

elements. The antenna prototype was developed and realized on a FR4_epoxy substrate with a thickness of 1.58 mm, and a 

size of 160 x 110 mm
2
. Reflection coefficient and directivity results were measured, presented and discussed. 
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INTRODUCTION 
The growing needs of modern day 

communications mean that simple antennas cannot cover 

all of our needs, and further, it may cause that many 

systems operate across several frequency bands, the 

solution to this matter is to design antennas that have 

UWB effect and with band notch characteristics to avoid 

potential interference from the other frequency bands. 

To improve the coexistence of UWB systems 

with other wireless standards, a considerable amount of 

research has been devoted to devising techniques to reject 

certain bands within the passband of the UWB. The 

common ways to introduce the additional resonant 

structure include etching slots or slits on the antenna metal 

plate, placing parasitic strips in close proximity to the 

radiating element, and applying folded strips. Some UWB 

antennas have been reported in the literature, but most are 

rather large. Some researchers have focused only on the 

compact size of UWB. Because there is no attention paid 

to the band rejection in WLAN application, interference 

will affect the frequency range for UWB systems with the 

existing wireless communication systems. Some 

researchers presented a UWB antenna with a rejection 

band or band notch in the 5 GHz to 6 GHz frequency 

range by using an insertion strip or slot in the antenna.  

A reported UWB antenna was designed by 

embedding a U-shaped parasitic strip and a pair of T-

shaped stubs in wide slots to obtain dual-band stops 

around 3.5 GHz and 5.5 GHz. An UWB antenna has been 

designed with a dual band-notch for WLAN that covers 

the frequency ranges of 5.09 GHz to 5.36 GHz and 5.72 

GHz to 5.825 GHz. Also the authors presented a novel 

dual band-notched monopole antenna at 3.5 GHz 

(WiMAX) and 5.5 GHz (WLAN); however, the results do 

not show the shifted band-notched frequency with 

enhanced Bandwidth (BW) of the band notch. Moreover, 

the geometry of this antenna is relatively complex. 

In this research paper, we propose a circular slot 

microcell antenna with a partial ground plane for UWB 

applications. By inserting a simple parasitic insertion strip 

(two types: ring-shaped and triangular-shaped), single 

band-notched characteristics from 2.44 GHz to 2.66 GHz 

can be easily obtained to reduce the potential interference 

between the UWB system and Indoor communication like 

the WLAN (Wi-Fi) systems. 

 

ANTENNA DESIGN 

Figure 1 illustrates the schematic of the proposed 

antenna. The basic antenna (antenna a) is a circular patch 

which was the subject of a number of changes to cut the 

frequency band 2.4 GHz reserved for the Wi-Fi/WLAN 

systems. The proposed antenna (antenna c) consists of a 

circular radiating patch with slots and a partial ground 

plane is printed on the bottom surface of the substrate. 

 

 
 

Figure-1. Schematic of the proposed antenna. 
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Figure-2. Geometry of the proposed antenna (antenna c). 

 

Table-1. The optimal dimensions of the suggested 

antenna (antenna c). 
 

Elements Dimensions 

FR4 Substrate 

Circular Patch 

L=160 mm; W= 110 mm 

R = 45 mm 

Microstrip line W50 = 3 mm; L1 = 54 mm 

Ground plane W = 18 mm; LG = 60 mm 

Slots d1 = 25 mm ; d2 = 53 mm 

 t1 = 11.5 mm 

 d7 = 4 mm 

 t2 =  17 mm 

 d5 x d6 =  9 mm x 2.8 mm 

  

 

Figure-2 shows the geometry of the antenna 

studied. The antenna is simulated on a FR4_epoxy 

substrate of 160 x 170 mm2 with a dielectric constant εr = 
4.4. The thickness of the substrate is 1.58 mm. A circular 

patch including slots with their different sizes are shown in 

Table 1, The patch has four slots in the form of triangles 

equilateral, and the antenna feeding is performed by 

microstrip line in order to adapt to 50Ω. 
 

RESULTS AND DISCUSSIONS 

Figure-3 illustrates the simulation of the s11 

parameter of the circular antenna (antenna a), feed by a 

microstrip line on a substrate EPOXY_FR4 with h = 1.58 

mm and a partial ground plane. 

 

 
 

Figure-3. Reflection coefficient vs frequency (antenna a). 

 

We can notice the existence of an ultra-wideband 

effect in the frequency band (860 MHz - 4.6 GHz). 

Figure-4 shows the addition of a notch in the 

form of an asymmetric ring that'll allow the elimination of 

the band WLAN IEEE 802.11 b / g / n (2.4 GHz - 2.484 

GHz). The relation between central notched frequency and 

the length of the notch can be determined approximately 

based on this equation: 

 𝐿 𝑡 ℎ 𝑚𝑚 = 𝜆2 = 𝑐2𝑓 𝑡 ℎ√ε𝑟 

 

 
 

Figure-4. Reflection coefficient vs frequency (antenna b). 

 

We can notice the existence of two frequency 

bands (860 MHz-2.2GHz & 2.7GHz- 3.8 GHz). 
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Figure-5. Measured S11 against frequency (antenna c). 

 

 
 

Figure-6. The realized antenna (antenna c). 

 

In Figure-5 we see that the introduction of 

triangular apertures can optimize dramatically the S11 

parameter of the antenna, so we can cover the frequency 

band of 2.6 GHz (UMTS 4G). 

We illustrate in Figure. 6 the radiation pattern in 

3D at five frequencies 0.9 GHz and resonant frequencies 

1.8, 2.1, 2.6, 3.5 GHz. 

 

 

 
 

Figure-7. Simulated gain of the realized antenna. 

 

Figure [8-10] shows the 2D simulated radiation 

patterns of the proposed antenna at 900 MHz, 1800 MHz, 

2100 MHz, 2600 MHz, and 3500 MHz respectively. 

 

 
 

Figure-8. 2D Radiating patterns at frequency 900 MHz (a) 

and 1800 MHz (b). 
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Figure-9. 2D Radiating patterns at frequency 2100 MHz 

(c) and 2600 MHz (d). 

 

 
 

Figure-10. 2D Radiating  patterns at frequency 3500 

MHz. 

 

CONCLUSIONS 

This antenna covered the frequency spectrum 860 

MHz-2.2GHz and 2.7GHz-3.8 GHz with sufficient 

bandwidths for mobile communication systems. We have 

demonstrated in this study that the use of a partial ground 

plane could have a significant impact on the bandwidth of 

the antenna. The proposed microcell antenna is simple to 

design and compact in size. It provides broadband 

impedance matching, consistent omnidirectional radiation 

patterns and appropriate gain characteristics in the 

GSM/3G/4G/Wi-Max frequency region. The antenna has 

been designed on a typical FR4 substrate and realized with 

conventional Printed Circuit Board (PCB) techniques. 

 

ACKNOWLEDGEMENTS 
The authors would like to thank the members of 

the Lab (I+D+I de Telecomunicaciones) in 

communications engineering department at Cantabria  

University in Spain for providing the testing and 

simulation equipment. 

 

 

REFERENCES 
 

Zhang J., Xu Y. and Wang W. 2006. Microstrip-fed semi-

elliptical dipole antennas for ultra wideband 

communications. IEEE Trans. Antennas Propag. 56(1): 

241-244. 

 

Kim, J., Cho, C.S., and Lee, J.W. 2006. 5.2 GHz notched 

ultra-wideband antenna using slot-type SRR. Electron. 

Lett. 42, pp. 315-316. 

 

Kim, K.-H., and Park, S.-O. 2006. Analysis of the small 

band-rejected antenna with the parasitic strip for UWB. 

IEEE Trans. Antennas Propag. 54(6): 1688-1692. 

 

Ma, T.G., and Wu, S.J. 2007. Ultrawideband band-notched 

folded strip monopole antenna. IEEE Trans. Antennas 

Propag. 55(9): 2473-2479. 

 

F.G Kharakhili et al. 2007. Circular Slot with a Novel 

Circular Microstrip Open Ended Microstrip Feed for UWB 

Applications. Prog. Electromagn. Research. 68: 161-167. 

 

A. Dastranj, A. Imani, and M. Naser-Moghaddasi. 2008. 

Printed Wide- Slot Antenna for Wideband Applications. 

TREE Trans. Antennas Propag. 56(10): 3097-3102. 

 

Y Lee et al. 2010. Design of Internal Antenna with Near-

Omnidirectional H-Plane Radiation Pattern over Ultra-

wide Bandwidth. ETRIJ. 32(1): 62-67. 

 

A. Dastranj and A. Imani. 2010. Bandwidth Enhancement 

of Printed E-Shaped Slot Antenna Fed by CPW and 

Microstrip Line. IEEE Trans. Antennas Propag. 58(4): 

1402-1407. 

 

M. Gopikrishna et al. 2009. Design of a Compact Semi-

Elliptic Monopole Slot Antenna for UWB Systems. TEEE 

Trans. Antennas Propag. 57(6): 1834-1837. 

 

S. Hong and J. Choi. 2009. Miniaturization of an Ultra-

Wideband Antenna with Two Spiral Elements. ETRT J. 

31(1): 71-73. 

 

YC. Lin and K.J. Hung. 2006. Compact Ultrawideband 

Rectangular Aperture Antenna and Band-Notched 

Designs. TEEE Trans. Antennas Propag. 54(11): 3075-

3081. 

 

WJ. Lui, C.H. Cheng and H.B. Zhu. 2007. Improved 

Frequency Notched Ultrawideband Slot Antenna Using 

Square Ring Resonator. TEEE Trans. Antennas Propag. 

55(9): 2445-2450. 

 

X. Qing and Z.N. Chen. 2009. Compact Coplanar 

Waveguide-fed Ultra-wideband Monopole-like Slot 

Antenna. IET Microw. Antennas Propag. 3(5): 889-898. 

 



                                    VOL. 12, NO. 24, DECEMBER 2017                                                                                                     ISSN 1819-6608 

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

 
www.arpnjournals.com 

 

 
                                                                                                                                               7301 

 

J. Ma et al. 2009. A New Ultra-Wideband Microstrip-Line 

FedAntenna with 3.5/5.5 GHz Dual Band-Notch Function. 

Prog. Electromagn. Research Lett. 7: 79-85. 

 

K.S. Ryu and A.A. Kishk. 2009. UWB Antenna with 

Single or Dual Band-Notches for Lower WLAN Band and 

Upper WLAN Band. IEEE Trans. Antennas Propag. 

57(12): 3942-3950. 

 

Y Zhu et al. 2010. A Novel Dual Band-Notched Monopole 

Antenna for Ultra-Wideband Application. Prog. 

Electromagn. Research Lett. 16: 109-117. 


