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Abstract ─ In this paper, a new design of ultra-

wideband (UWB) microstrip monopole antenna is 

presented. The main novelty of the proposed structure 

is the using of protruded strips as resonators to design 

an UWB antenna with dual band-stop property. In the 

proposed design, by cutting the rectangular slot with a 

pair of rotated Y-shaped strips in the ground plane, 

additional resonance is excited and much wider 

impedance bandwidth can be achieved. To make a 

single band-notched function, the square radiating patch 

is converted to the square-ring structure with a pair of 

protruded fork-shaped strips. Finally, by cutting a 

rectangular slot with a protruded M-shaped strip at the 

feed line, a desired dual band-notched function is 

achieved. The measured results reveal that the 

presented dual band-notched antenna offers a very wide 

bandwidth from 2.8 to 11.6 GHz, with two notched 

bands, around of 3.3-3.7 GHz and 5-6 GHz covering all 

WiMAX and WLAN bands. 

 

Index Terms ─ Dual band-notched antenna, protruded 

strip resonators, UWB system. 
 

I. INTRODUCTION 
UWB communication systems usually require 

smaller antenna size in order to meet the miniaturization 

requirements of the radio-frequency (RF) units [1]. It is 

rapidly advancing as a high data rate wireless 

communication technology. The Federal Communication 

Commission (FCC) has released a bandwidth of 7.5 GHz 

(from 3.1 GHz to 10.6 GHz) for ultra wideband wireless 

communications. Due to its high bandwidth and very 

short pulses, UWB radio wave propagation provides 

very high data rate which may be up to several hundred 

Megabits per seconds (Mbps), and it is difficult to tract 

the transmitting data, which highly ensures the data 

security. The UWB technology has another advantage 

from the power consumption point of view. Due to 

spreading the energy of the UWB signals over a large 

frequency band, the maximum power available to the 

antenna as part of UWB system will be as small as in 

order of 0.5 mW according to the FCC spectral mask. 

This power is considered to be a small value and it is 

actually very close to the noise floor compared to what 

is currently used in different radio communication 

systems. It is a well-known fact that planar antennas 

present really appealing physical features, such as 

simple structure, small size, and low cost. Due to all 

these interesting characteristics, planar antennas are 

extremely attractive to be used in emerging UWB 

applications, and growing research activity is being 

focused on them. Consequently, a number of planar 

microstrip antennas have been experimentally 

characterized [2-4]. 

The frequency range for UWB systems between 

3.1–10.6 GHz [5] will cause interference to the existing 

wireless communication systems, for example the 

wireless local area network (WLAN) for IEEE 802.11a 

operating in 5.15–5.35 GHz and 5.725–5.825 GHz 

bands, the worldwide interoperability microwave access 

(WiMAX) operating in 3.3–3.7 GHz and 5.35-5.65 GHz, 

so the UWB antenna with a band-notched function is 

required. Lately to generate the frequency band-notched 

function, several band-notched microstrip antennas 

have been reported [6-11].  

All of the above methods are used for rejecting a 

single band of frequencies. However, to effectively 

utilize the UWB spectrum and to improve the performance 

of the UWB system, it is desirable to design the antenna 

with dual band rejection. It will help to minimize the 

interference between the narrow band systems with the 

UWB system. Some methods are used to obtain the 

dual band rejection in the literature [12-15].  

In this paper, a new monopole antenna with dual 

band-notched characteristic for UWB applications has 

been proposed. The proposed antenna consists of a 

square-ring radiating stub with a pair of protruded  

fork-shaped strips, a feed-line with an M-shaped strip 
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protruded inside the rectangular slot, and a ground 

plane with a pair of protruded Y-shaped strips inside 

the slot.  

 

II. ANTENNA DESIGN 
The presented small monopole antenna fed by a 

microstrip line as shown in Fig. 1, is printed on an FR4 

substrate of thickness 1.6 mm, permittivity 4.4, and loss 

tangent 0.018. 

 

 
 

Fig. 1. Geometry of the proposed monopole antenna: 

(a) side view, (b) radiating patch, (c) feed-line, and (d) 

modified DGS.  

 

The basic monopole antenna structure consists of a 

square patch, a feed line, and a ground plane. The 

square patch has a width W. The patch is connected to a 

feed line of width Wf and length Lf. On the other side of 

the substrate, a conducting ground plane is placed.  

Regarding defected ground structures (DGS) 

theory, the creating slots in the ground plane provide 

additional current paths. Moreover, these structures 

change the inductance and capacitance of the input 

impedance, which in turn leads to change the 

bandwidth [16]. Therefore, by cutting a rectangular slot 

with a pair of rotated Y-shaped strips in the ground 

plane, much enhanced impedance bandwidth may be 

achieved. In the proposed design, protruded Y-shaped 

strips in the ground plane are used to make an 

additional resonance and increase the bandwidth. 

This work started by choosing the dimensions of 

the designed antenna. Hence, the essential parameters 

for the design are: f0 = 4.5 GHz (first resonance frequency), 

r = 4.4 and hsub = 0.8 mm. The dimensions of the patch 

along its length have now been extended on each end 

by a distance ΔL, which is given as: 
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where hsub is the height of dielectric, Wsub is the width 

of the microstrip monopole antenna and 
effr  is the 

effective dielectric constant. Then, the effective length 

(Leff) of the patch can be calculated as follows: 

 )2(2 LLLeff  . (2) 

For a given resonant frequency f0, the effective 

length is given as: 

 )3(
2 reff

eff
f

C
L


 . (3) 

For a microstrip antenna, the resonance frequency 

for any TMmn mode is given by as: 

 )4(121
2

)1(

2

)1(
2

1


















sub

subrr

eff
W

h
 . (4) 

The width Wsub of microstrip antenna is given: 
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The last and final step in the design is to choose  

the length of the resonator and the band-stop filter 

elements. In this design, the optimized length  

Lresonance is set to resonate at 0.25λresonance, where  

Lresonance=L9+L12-L8+W11+0.5W10. λresonance
 
corresponds to 

the extra resonance frequency (12 GHz), respectively. 

Also, the optimized length Lnotch is set to band-stop resonate 

at 0.5λnotch, where Lnotch1=L5+W5+W12+0.5(L4+L6+W6), 

and Lnotch2=0.5(L1+W1) +L2+W2+W4. λnotch1
 
and λnotch2

 
correspond to first band-notched frequency (3.5 GHz) 

and second band-notched frequency (5.5 GHz), 

respectively. The final values of proposed design 

parameters are specified in Table 1. 

 

Table 1: Final dimensions of antenna parameters 

Parameter W
 

L
 

1W 
1L 

Value (mm) 10 10 8 8 

Parameter 2W 
2L 

3W 3L 

Value (mm) 0.5 3.1 4.5 3.6 

Parameter 4W 4L 5W 5L 

Value (mm) 2 3.5 0.2 3 

Parameter 6W 6L 7W 7L 

Value (mm) 1 3.1 0.2 3.1 

Parameter 8W 8L 9W 9L 

Value (mm) 0.15 1.25 4 0.75 

Parameter 10W 10L 11W 11L 

Value (mm) 1.25 0.3 0.75 2.8 

Parameter 12W 12L fW
 

fL
 

Value (mm) 0.55 3 7 2 

Parameter subW
 

subL
 

subh
 

gndL
 

Value (mm) 12 18 1.6 3.5 

 

In the square-ring stub, two fork-shaped strips 

protruded inside the ring have been used for generating 
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a single band-stop performance that’s playing an 

important role in the broadband characteristics of this 

antenna, because by using it, the band-notch 

performance can be controlled such as band-rejections 

range and variable function. The modified M-shaped 

strip protruded inside rectangular slot at feed-line 

causes a second band-notched performance which 

finally a multi-resonance antenna with desired dual 

band-notched function to suppress interferences from 

WLAN, WiMAX, and C-bands can be achieved [11].  

 

III. RESULTS AND DISCUSSIONS 
The planar monopole antenna with various design 

parameters was constructed, and the numerical and 

experimental results of the input impedance and 

radiation characteristics are presented and discussed. 

The analysis and performance of the proposed antenna 

is examined by using Ansoft simulation software high-

frequency structure simulator (HFSS) [17], for better 

impedance matching. 

VSWR characteristics for the ordinary monopole 

antenna [Fig. 2 (a)], the antenna with a pair of rotated 

Y-shaped strips protruded inside the slot at ground 

plane [Fig. 2 (b)], the square-ring antenna with pairs of 

protruded Y-shaped and fork-shaped strips [Fig. 2 (c)], 

and the proposed antenna structure [(Fig. 2 (d)] are 

compared in Fig. 3.  

As shown in Fig. 3, by using the pair of rotated  

Y-shaped strips at the ground plane, a new resonance at 

the higher frequency (10.7 GHz) is generated and the 

usable upper frequency of the antenna is extended from 

10.3 GHz to 11.9 GHz. To generate a single frequency 

band-notched function, the square radiating patch was 

converted to the square-ring structure with a pair of 

protruded fork-shaped strips, and also by using an  

M-shaped strip inside the rectangular slot at feed-line, 

the good dual band-notched function can be achieved 

which is covering the 3.5/5.5 GHz WiMAX/WLAN 

bands [11-13].  

 

 
 

Fig. 2. (a) Ordinary monopole antenna, (b) antenna with 

pair of Y-shaped strips, (c) antenna with pairs of Y-shaped 

and fork-shaped strips, and (d) the proposed monopole 

antenna. 

 

 
 

Fig. 3. Simulated VSWR characteristics for the various 

structures shown in Fig. 2. 

 

To understand the phenomenon behind the multi 

resonance and dual band-notched performances, the 

simulated current distribution for the proposed antenna 

at the new resonance frequency (9.5 GHz) and notched 

frequencies (3.5 & 5.5 GHz) is presented in Fig. 4. It 

can be observed on Fig. 4 (a), at 10.5 GHz the current 

concentrated on the edges of the interior and exterior of 

the Y-shaped strips protruded inside the slot. Therefore, 

the antenna impedance changes at these frequencies due 

to the resonance properties of the proposed structure. 

Figures 4 (a) and 4 (b) present the simulated current 

distributions on the top layer at the notched frequencies 

(3.7 and 5.5 GHz). As illustrated in Figs. 4 (b) and 4 (c), 

at the notched frequencies, the current flows are more 

dominant around of the fork-shaped and M-shaped 

strips. As a result, the desired high attenuation near the 

notched frequencies can be produced [18-19]. As seen 

in these figures, the current direction on the reject 

structures is opposite to each other, so the far fields 

produced by the currents on the reject structures cancel 

out each other in the reject band. 

 

 
 

Fig. 4. Simulated surface current: (a) at 10.7 GHz  

(first extra resonance frequency), (b) at 3.5 GHz (first 

notched frequency), and (c) at 5.5 GHz (second notched 

frequency). 
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The proposed antenna with final design as shown 

in Fig. 5, was built and tested. The VSWR characteristic 

of the antenna was measured using the HP 8720ES 

network analyzer in an anechoic chamber. The radiation 

patterns have been measured inside an anechoic 

chamber using a double-ridged horn antenna as a 

reference antenna placed at a distance of 2 m. Also, 

two-antenna technique using an Agilent E4440A 

spectrum analyzer and a double-ridged horn antenna as 

a reference antenna placed at a distance of 2 m is used 

to measure the radiation gain in the z axis direction  

(x-z plane). Measurement set-up of the proposed antenna 

for the VSWR, antenna gain and radiation pattern 

characteristics are shown in Fig. 6.  

 

 
 

Fig. 5. Fabricated antenna: (a) top view, and (b) bottom 

view. 

 

 
 

Fig. 6. Measurement set-up of the antenna: (a) VSWR, 

and (b) antenna gain and radiation patterns. 

 

Figure 7 shows the measured and simulated VSWR 

characteristics of the proposed antenna. The antenna 

has the frequency band of 2.8 to 11.8 GHz with two 

rejection bands around 3.3.-3.7 and 5-6 GHz. 

Figure 8 depicts the measured and simulated 

radiation patterns of the proposed antenna including the 

co-polarization and cross-polarization in the H-plane 

(x-z plane) and E-plane (y-z plane). It can be seen that 

quasi-omnidirectional radiation pattern can be observed 

on x-z plane over the whole UWB frequency range, 

especially at the low frequencies. The radiation patterns 

on the y-z plane display a typical figure-of-eight (8), 

similar to that of a conventional dipole antenna. The 

radiating patterns indicated at higher frequencies have 

more ripples in both E- and H-planes, owing to generation 

of higher-order modes [20-21]. Measured and simulated 

maximum gains of the proposed antenna are shown in 

Fig. 9. Two sharp decrease of maximum gains in the 

notched frequencies bands at 3.5 and 5.5 GHz are shown 

in Fig. 9. For other frequencies outside the notched 

frequencies, the antenna gains has a flat property which 

increases by the frequency. As illustrated, the proposed 

antenna has sufficient and acceptable gain level in the 

operation bands [22]. 

 

 
 

Fig. 7. Measured and simulated VSWR characteristics 

of the proposed antenna. 

 

 
 

Fig. 8. Measured and simulated radiation patterns: (a)  

3 GHz, (b) 4.5 GHz, (c) 7 GHz, and (d) 11 GHz. 
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Fig. 9. Measured and simulated gains of the proposed 

antenna. 

 

The measured and simulated radiation efficiency 

characteristic of the proposed antenna is shown in  

Fig. 10. The efficiency measurement was conducted 

using the reverberation chamber a cavity-technique and 

based approach, called the source-stirred method. 

Measured and also simulated results of the calculations 

using the software HFSS indicated that the proposed 

antenna features a good efficiency, being greater than 

87% across the entire radiating band except in two 

notched bands [23]. On the other hand, the radiation 

efficiencies of the proposed dual band-notched antenna 

at 3.5 and 5.5 GHz, are only about 29 and 31%, 

respectively. 

 

 
 

Fig. 10. Measured and simulated radiation efficiency 

characteristic of the proposed antenna. 

 

IV. CONCLUSION 
In this paper, a novel small monopole antenna with 

WiMAX/WLAN band-stop characteristic for UWB 

applications is proposed. In this design, the proposed 

antenna can operate from 2.8 to 11.8 GHz with two 

rejection bands around 3.3 to 3.7 GHz and 5 to 6 GHz. 

The designed antenna has a small size of 12×18×1.6 mm3. 

Good VSWR and radiation pattern characteristics are 

obtained in the frequency band of interest.  
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