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ABSTRACT: 

This paper introduces a novel ultra-wideband (UWB) microstrip antenna having wireless local area network band 

rejection characteristics. The proposed antenna is composed of a lip-shaped radiation patch being fed by a 50 Ω 

coplanar waveguide (CPW) feed line. The ground vertically continued to the two sides of the radiator. Thus, the 

substantial extra space adjacent to the radiator can be efficiently saved. The band rejection in the wireless local area 

networks (WLAN) (5.15-5.825GHz) is secured through etching the two symmetric C-shaped slots on ground plane to 

preclude interference between UWB and WLAN systems. The proposed antenna is of the size of 

30×30×1.6𝑚𝑚3working within the range of 2.9 to 11.2 GHz with VSWR lower than 2 except  in 5.15-5.825GHz 

band. Finally, the antenna is simulated and fabricated with nearly omnidirectional radiation patterns, stable gain and 

constant group delay in the operating band. 
 

KEYWORDS: Ultra-wideband (UWB), Coplanar waveguide (CPW), Microstrip antenna, Wireless local area network 

(WLAN), Voltage standing wave ratio (VSWR). 

 

1. INTRODUCTION 

In order to make the ultra-wideband (UWB) technology 

useful for the community and to prevent possible 

interference to other existing electronic systems, the 

Federal Communications Commission (FCC) published 

the first report and order on February 14, 2002 [1]. The 

order deals with the employment of UWB systems 

within the 3.1-10.6 GHz band. Because of such useful 

characteristics as low cost, unsophisticated structure, 

ease of construction, low profile, high data rate, and 

nearly omnidirectional radiation pattern, the UWB 

microstrip antennas have attracted the attention of both 

academia and industry [2]. Since conventional antenna 

theory is based on the narrow band assumption and 

cannot be used to design UWB antenna, novel 

techniques and technologies need to be developed for 

UWB antenna design. Furthermore, within the UWB 

operation band, existing narrowband communication 

systems, such as 5.15–5.825 GHz band (IEEE 802.11a) 

wireless local area networks (WLAN) may cause 

electro-magnetic interference to UWB applications. To 

remedy this situation, several band-notched techniques 

have been proposed in UWB antennas [3-8]. In the 

present research, an UWB microstrip antenna having 

WLAN band rejection characteristics is introduced. 

The design is formed on the basis of a lip-shaped 

radiation patch. In this paper, we propose a simple and 

compact CPW-fed UWB antenna with band-notched 

characteristics in 5-6 GHz. To achieve wide band 

characteristic, tapered ground plane is used. The 

WLAN band rejection is achieved through etching two 

symmetric C-shaped slots on the ground plane. The 

results emanating from simulation and measurement of 

the proposed antenna are indicative of the fact that the 

voltage standing wave ratio (VSWR) is capable of 

successfully covering the UWB spectrum. Nearly 

omnidirectional radiation patterns, constant group 

delay, stable gain and satisfactory agreement between 

the measured and the simulated results are obtained 

from this research. The antenna has dimensions of 

30×30 mm
2
, which is compatible with the requirements 

imposed by portable systems. The overall size of the 

proposed structure is smaller than many other 

researches [9-14]. The proposed antenna operates 

within the 2.9 to 11.2 GHz frequency band as VSWR < 

2 except a stop-band of 5.15-5.825GHz, which is a 

suitable candidate for UWB communication systems. 
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Fig. 1

Fig. 2( a )

Fig. 2( b )

2. ANTENNA DESIGN 

Fig. 1, depicts the geometric configuration of the 

proposed antenna whose total size is 30 × 30 × 1.6 

mm
3
. The antenna is constructed on a 1.6-mm-thick 

Rogers RT/duroid 5880 (tm) substrate having relative 

permittivity of 2.2 and loss tangent of 0.0009. The 

proposed structure is composed of a lip-shaped 

radiation patch. The lip-shaped patch is fed through a 

50 Ω CPW feed line. The ground plane are embedded 

from the patch’s left and right sides on the substrate 

with each embedded ground having a vertical 30 mm 

section, a horizontal 15 mm section at the upper and 

bottom 13.85 mm face, respectively. A pair of C-

shaped slots is made on the ground plane to lessen the 

interference between UWB systems from WLAN 

systems. The WLAN rejection band frequency range is 

controlled through changing the dimensions of the C-

shaped slots. The lip-shaped radiation patch design 

skills are presented to obtain UWB band having good 

impedance matching over the total operating band. 
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Fig. 1. The geometry and configuration of the proposed 

UWB microstrip antenna 

 

For explaining the improvement procedure of the 

proposed antenna design, two prototypes of patches are 

determined and exhibited in Fig. 2. The base of the 

radiator is made of a triangle patch, whose dimensions 

are shown in Fig. 2(a). Fig. 3, shows that the triangle 

patch reflection coefficient is not able to cover the 

UWB band. Then patch figure is changing. The Fig. 

2(b), shows the change of angle between feed line and 

side-line from 180°to 162° , but this cannot cover the 

entire UWB band either. Thus, to obtain UWB band, a 

slot is made in the patch upper section forming the 

design of lip-shaped radiation patch. The simulated 

reflection coefficient of the proposed antenna with lip-

shaped radiation patch is shown in Fig. 3. The triangle 

patches in Fig. 2(a), and Fig. 2(b), are analytically 

compared in Fig. 3. Fig. 3, shows that Fig. 2(a), 

representing the worst matching conditions appears 

over the UWB frequency band. In the case of the patch 

shown in Fig. 2(b), for the matching condition this is 

again undesirable across the full UWB band and is not 

capable of covering the entire UWB band. Thus, the 

lip-shaped radiation patch in the Fig. 1, can cover the 

entire UWB spectrum from 3.1 to 10.6 GHz. Table I 

presents the optimal dimensions of the proposed 

antenna with lip-shaped radiation patch.                   

 

 

 

 

 

 

 

(a)                                                (b) 

  

Fig. 2. The different configurations for the triangle 

patch. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Simulated reflection coefficient for the proposed 

UWB antenna Fig. 1, triangle patch Fig. 2(a) and Fig. 

2(b), with the same ground plane. 

 

Table 1. Design parameters of the proposed UWB 

microstrip antenna shown in Fig. 1.  

Parameters LP1 = LP6 LP2 = LP5 Lp3 = Lp4 

Unit (mm) 3.2 7.5 7.953 

parameters Lpd Wg1 Wg2 

Unit (mm) 0.5 15 2 

parameters Wg3 Wf Wfg 

Unit (mm) 13.85 1.9 0.2 

parameters Lg1 Lg2 Lg3 

Unit (mm) 11 9 10 

 

2.1. Variation of Lip-Shaped Patch Parameters 

Fig. 4, shows the simulated VSWR curves of the 

proposed antenna with different values of LP1 = LP6 

length, from 0.5 to 4.72 mm with θ1 = θ2 angle, from 
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11°to 58°. As can be observed, by decreasing values of 

LP1 = LP6  length, from 4.72 to 0.5 mm there is a 

mismatch between the impedance of the radiating patch 

and the input impedance at the lower frequencies. Thus, 

it is decided that LP1 = LP6 = 3.2mm with θ1 = θ2 =
39ᵒ as the optimum conditions with the bandwidth from 

2.9 to 11.2 GHz covering the UWB band. 

Fig. 5, depicts the simulated VSWR results of the 

proposed UWB microstrip antenna with LP2 = LP5 

length, from 5.02 to 9.22 mm with θ1 = θ2 angle, from 

39° to 58° . Nonetheless, it can be observed that 

LP2 = LP5 = 7.5mm  and LP2 = LP5 = 9.22mm  have 

the VSWR<2 bandwidth at the UWB band, but there is 

a mismatch between the impedance of the radiating 

patch and the input impedance at the LP2 = LP5 =
9.22mm  upper frequencies of the UWB. Thus, the 

optimum conditions are LP2 = LP5 = 7.5mm  with 

θ1 = θ2 = 39ᵒ  with the bandwidth from 2.9 to 11.2 

GHz. 

 

 

 

 

 

 

 

Fig. 4. Simulated VSWR curves of the proposed 

antenna with different values of LP1 = LP6 length and 

θ1 = θ2angle; other parameters are the same as listed in 

Table 1. 

 

 

 

 

 

 

Fig. 5. Simulated VSWR curves of the proposed 

antenna with different values forLP2 = LP5 length and 

θ1 = θ2angle; other parameters are the same as outlined 

in Table 1. 

Fig. 6, shows the simulated results of the proposed 

antenna with LP3 = LP4 length, from 6.02 to 7.43 mm 

with θ1 = θ2 angle, from 39°to 45°. It can be observed 

that LP3 = LP4 = 7.953mm  with θ1 = θ2 = 39ᵒ have 

VSWR<2 bandwidth at the UWB band. As a result, the 

optimum conditions are LP3 = LP4 = 7.953 mm  with 

θ1 = θ2 = 39ᵒ  resulting in the bandwidth from 2.9 to 

11.2 GHz. The final angles and dimensions of the lip-

shaped patch are θ1 = θ2 = 39ᵒ  with parameters 

outlined in Table 1. 

 
Fig. 6. Simulated VSWR curves of the proposed 

antenna with different values of LP3 = LP4 length and 

θ1 = θ2angle; other parameters are the same as outlined 

in Table I. 
 

2.2. Variation of Overall-Size Ground Plane 

Fig.7, presents the simulated results of the proposed 

antenna with overall size of ground structure, from 25 

mm to 30 mm. By increasing overall size of ground 

plane, the proposed antenna can cover UWB band with 

VSWR<2. Therefore, it is decided to take overall size 

of ground plane 30 × 30 mm
2
 as the optimum, with 

minimum mismatch at the entire frequency of UWB 

band. Fig. 8, shows the input impedance S11 of the 

proposed antenna from 3.1 to 10.6 GHz. 
 

 
Fig.7. The simulated VSWR for the proposed UWB 

microstrip antenna with various ground size. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. The simulated S11 of the proposed antenna 
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3. NOTCH BAND CHARACTERISTICS 

Two C-shaped slots are used to reject WLAN band 

from the UWB band. Fig. 9, shows the geometry and 

configuration of the C-shaped slots of proposed 

structure. The notched-band is obtained through 

adjustment of the C-shaped slots to about half 

wavelength at the notched frequency with the 

wavelength being 𝜆𝑔 = 𝜆0 √𝜀𝑒𝑓𝑓⁄  and 𝜀𝑒𝑓𝑓 =

(𝜀𝑟 + 1) 2⁄ , where 𝜆0  represents the free-space 

wavelength. Analysis of the effect of the length, the 

width, and the position, of the C-shaped slots in the 

ground plane, makes it possible to obtain the optimized 

configuration of the slots and the WLAN band 

rejection.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. The geometry and configuration of the two C-

shaped slots on the ground plane. 

 

Fig. 10, depicts the simulated VSWR results of two C-

shaped slots of the proposed antenna having the length 

LS6 = 0.9 mm, and 1.7 mm. It is found that LS6 = 1.7 

mm leads to a good notched band at 5.15-5.825GHz 

frequencies WLAN band. As a result, the optimum 

condition is represented at LS6 = 1.7 mm. This being 

the case, the C-shaped slots are designed with a taper in 

the C-shaped slots upper section. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Simulated VSWR for the C-shaped slots of the 

proposed antenna with different values of LS6. 

 

Fig.11, shows that as the length LS10 increased from 21 

to 24mm, the notched band moves to the lower 

frequency. It can be observed that the LS10 = 22.4 mm 

can result in the band rejection function at the WLAN 

band. Accordingly, it was decided to consider LS10 =
22.4 mm as the optimum. Fig. 12, depicts the influence 

of the C-shaped slot width X on the simulated VSWR 

of the antenna. As can be observed, increases in X 

move the notched band to the higher frequency where 

X = 0.9 mm can reject WLAN band from UWB band. 

Table 2 shows the optimal dimensions of the C-shaped 

slots. 

 

 
Fig. 11. Simulated VSWR for the C-shaped slots of the 

proposed antenna with different values of LS10. 

 
Fig. 12. Simulated VSWR for the C-shaped slots of the 

proposed antenna with different values of X. 

 

Table 2. Design parameters of the two C-shaped slots 

on the ground plane Fig. 9. 

LS4 LS3 LS2 LS1 Parameters 

24.2 8 4 0.9 Unit(mm) 

LS8 LS7 LS6 LS5 Parameters 

2.8 3 1.7 8.5 Unit(mm) 

LS12 LS11 LS10 LS9 Parameters 

3.1 6.3 22.4 4.7 Unit(mm) 

 

4. EXPERIMENTAL RESULTS AND 

DISCUSSION 

The proposed UWB microstrip antenna is simulated 

and optimized using the High-Frequency Structure 

Simulator (HFSS). Fig.13, shows the fabricated 

antenna. The parameter voltage standing-wave ratio 

(VSWR) of the proposed structure is measured using 

the Agilent 8722ES vector network analyzer. Fig.14, 

shows the measured and simulated VSWR curves of 

the proposed antenna with WLAN band rejection 

characteristics. As shown in Fig. 14, the simulated and 

the measurement results are in good agreement with the 

small difference between the measured and the 

simulated results being due to the introducing of the 
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SMA connector and tolerance in manufacturing. The 

designed antenna can cover the frequency band 2.9–

11.2 GHz with (5.15-5.825GHz) WLAN band 

rejection. Group delay is a significant parameter in the 

design of the UWB antenna. To achieve optimal pulse 

transmission, group delay should be almost constant in 

the UWB band. The simulated group delay result of the 

proposed structure is represented in Fig. 14. As can be 

observed, the group delay variation for the proposed 

antenna is roughly constant for the UWB band except 

in the (5-6 GHz) WLAN band where the group delay is 

not constant. The group delay variation is less than 

0.1ns in the operating UWB band. The maximum value 

of group delay is about 3ns at center frequency of the 

notched band. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13. Photograph of the fabricated UWB microstrip 

antenna. 

 
Fig. 14. VSWR for the proposed UWB microstrip 

antenna with WLAN band rejection characteristics. 

 
Fig. 15. The group delay of the proposed UWB 

microstrip antenna with WLAN band rejection 

characteristics. 

 

Furthermore, the simulated antenna gain with and 

without rejected band is shown in Fig. 16. Within the 

operating band, the proposed antenna possesses stable 

gain. It can also be observed that there is abrupt 

reduction at the notched band which evidently confirms 

the signal-rejection capability of the proposed antenna. 

 

 

 

 

 

 

 

 

 

 

 

Fig.16. The simulated antenna gain with and without 

the notched band. 

 

Fig. 17, shows the simulated current distributions of 

our proposed antenna at frequencies 4, 5.5 and 9.5 GHz 

for the optimal design. As shown in Fig. 17(b), we can 

see that the current is mainly distributed on the C-

shaped slot, which results in band-stop effect. In Fig. 

17(a), and 17(c), weak current distribution on the C-

shaped slot is observed. The natural interpretation is 

that the C-shaped slot is not the major contributor of 

antenna performance except for the notch frequency. 

 

 

 

 

 

 

 

 

(a)                (b)                  (c) 

 

Fig. 17. Surface current distribution of the proposed 

antenna at (a) 4 GHz, (b) 5.5 GHz and (c) 9.5GHz. 

 

Fig. 18(a)-(c), depicts normalization of the measured 

far-filed radiation patterns including the co-polarization 

and cross-polarization of the proposed antenna at 

frequencies of 3.5, 6.44, and 9.5 GHz in E-plane (yz-

plane) and H-plane (xz-plane). It becomes clear that the 

proposed antenna has omnidirectional radiation pattern 

in the H-plane over the entire UWB frequency band. At 

lower frequencies, it is seen that our proposed design 

exhibits as an omnidirectional profile for the x-z plane 

and a bi-directional one for the y-z plane. With the 

increase of frequency, then proposed antenna becomes 

more directive, but still remains bi-directional. 
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x-z plane             (a)                 y-z plane 

 

 

 

 

 

 

 

x-z plane                 (b)                y-z plane 

 

 

 

 

 

 

 

 

 

 

x-z plane             (c)           y-z plane 

Fig. 18. Radiation patterns of the proposed antenna at 

frequencies of (a) 3.5, (b) 6.44, (c) 9.5 GHz with co-

polar and cross-polar in the E-plane and H-plane. 

 

Comparison of the proposed UWB antenna with other 

recently reported notch band UWB antenna in Table 3 

shows that the proposed antenna is substantially 

smaller. 

 

Table 3. Comparison of the proposed UWB antenna. 

Ref operating 

Bandwidt

h(GHz) 

Notch band 

frequency 

(GHz) 

Dimension 

(mm
2
) 

[9] 3.1 - 10.5 WLAN(5-6) 30×34=102

0 

[10] 3 - 11 WIMAX(3.3-

3.8), WLAN(5-

35×35=122

5 

6), X-band(7.9-

8.4) 

[11] 

 

2.8 - 11 - 50×50=250

0 

 

[12] 3.1 - 10.6 WIMAX(3.3-

3.8), WLAN(5-

6) 

37×34=125

8 

[13] 2.9 - 12 WIMAX(3.3-

3.8), WLAN(5-

6) 

30×35=105

0 

 

[14] 3.1 – 10.6 WIMAX(3.3-

3.8), WLAN(5-

6) 

35×30=105

0 

This 

wor

k 

2.9 -11.2 WLAN(5-6) 30×30=900 

 

 

5. CONCLUSION 

The present research introduces a novel UWB 

microstrip antenna having WLAN band rejection 

characteristics. The proposed antenna possesses a 

simple structure and an operating frequency band of 

2.96 GHz to 11.2 GHz. The measured and the 

simulated results are in satisfactory agreement. To 

minimize interference between the UWB systems and 

the WLAN systems, two C-shaped slots are embedded 

on the ground plane. The measured and simulated 

results reveal this factory impedance matching 

characteristics, stable gain, constant group delay, and 

nearly omnidirectional radiation patterns within the 

working band. 
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