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Abstract ─ In this paper, the design and analysis of 

microstrip-fed low-profile, compact ultra-wideband (UWB) 

monopole antenna with two band-notches characteristics 

is carried out. The antenna is mounted on a low-cost  

FR-4 substrate with dimensions of 25×38×1.6 mm3, and 

relative permittivity of 4.4. The original shape of the 

patch is circular with radius of 11.5 mm, and then a 

sector is removed from the patch (making it a Pacman-

shaped antenna) to improve the impedance bandwidth. 

The proposed antenna provides an impedance bandwidth 

between 2.9-15 GHz with better than 10 dB return loss 

and has nearly an omni-directional radiation pattern. 

Additionally, the antenna can reject the interference from 

WiMAX (3.5 GHz center frequency) and WLAN (5.5 GHz 

center frequency). 

 

Index Terms ─ Monopole antennas, notch filters, ultra 

wideband antennas. 
 

I. INTRODUCTION 
Nowadays, Ultra-wideband (UWB) technology is 

widely used due to its capability of transmitting high  

data rates through the large bandwidth it utilizes. UWB 

technology is suited for systems that use short range 

communications and high data rates. Such systems include: 

radar applications, sensor data collection, precision 

locating, wireless sensor networks, ad-hoc networks  

and tracking applications. Federal communications 

commission (FCC) has adopted the band 3.1-10.6 GHz 

for the UWB signal and power spectral density emission 

limit for UWB transmitters of −41.3 dBm/MHz [1]. 

One of the most important parts of an UWB system 

is the antenna. The design of UWB antennas must ensure 

high radiation efficiency, low cost, and small size. There 

are many types of UWB antennas in the literature, but, 

recently, most researchers have been focusing on the 

design of printed monopole antennas since they have 

broad bandwidth, low cost, and low profile. Since the 

adoption of the FCC, many studies have been made on 

the design and performance of UWB antennas [2-8].  

UWB signals can introduce interference with common 

wireless technologies such as WiMAX (3.5 GHz) and 

WLAN (5.5 GHz). So, another key design issue is to 

reject the interference from such technologies. Different 

methods have been used for designing the notch filters 

such as inserting slots either on the patch, the ground, or 

on the feeding line [9-17]. This method is very simple 

and does not add any overhead on the antenna structure 

but, using this method, it is difficult to achieve narrow 

band-stop region. Another method includes inserting 

parasitic elements that provide current flowing in opposite 

directions at the notch frequency [18]. Although this 

method increases the size of the antenna, it can achieve 

very narrow band stop regions. 

The rest of the paper is organized as follows: Section 

II describes the design procedure of the proposed 

antenna and the optimum design parameters. Section III 

describes the antenna characteristics. Section IV presents 

a parametric study of several design parameters that 

affect the antenna performance. Finally, Section V 

concludes and summarizes the study. 

  

II. ANTENNA DESIGN 
Figure 1 illustrates the geometry of the proposed 

Pacman-shaped printed microstrip-fed UWB antenna. 

The antenna is mounted on a compact size FR-4 substrate 

of dimensions 25 mm× 38 mm, dielectric constant 4.4, 

loss tangent of 0.02, and thickness of 1.6 mm. The 

original patch has circular shape since it has the largest 

bandwidth among the other regular shapes and has  

good radiation characteristics [19]. The radius was 

approximated to be λ/4 at the lower frequency edge of 

the UWB range as follows [20]: 

 𝑅 =
𝑐

4 𝑓𝑙√𝜀𝑟
, (1) 

where R is the patch radius, 𝑓𝑙  is the lower frequency 

edge (i.e., 3.1 GHz), c is the free-space speed of light, 

and 𝜀𝑟  is the substrate dielectric constant. The feeding 

line has a length of 12 mm and a width of 3 mm to 

achieve a characteristic impedance of 50 Ω. From 

simulation, it has been found that the distance p  

(𝑝 =  𝐿𝑓𝑒𝑒𝑑𝑖𝑛𝑔 − 𝑊𝑔𝑛𝑑) between the feeding point and 

the ground plane has an effect on the performance of the 

antenna. Its value was chosen to be 0.2 mm. A partial 

ground plane is used with a notch cut near the feeding 

line to improve the impedance bandwidth. The notch 
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dimensions were varied to have good return loss; the 

optimum values chosen are  W1 = 0.8 mm and L1 = 5 mm. 

Then, a sector was removed from the circular patch 

(making it a Pacman-shaped antenna) to improve the 

impedance bandwidth, and its angle was optimized to be 

80o to have a good return loss and large bandwidth. 

Finally, a U-shaped slot and a straight slot were etched 

in the patch to reject the interference from WiMAX and 

WLAN, respectively. The total lengths of the slots were 

approximated to be λ/2 at the notched frequencies [12-

14]: 

 𝐿𝑛𝑜𝑡𝑐ℎ =
𝑐

2 𝑓𝑛𝑜𝑡𝑐ℎ√𝜀𝑒𝑓𝑓
, (2) 

where 𝑓𝑛𝑜𝑡𝑐ℎ is the center frequency of the notched band, 

and 𝜀𝑒𝑓𝑓 =
𝜀𝑟+1

2
. 

 

 
 

Fig. 1. The layout of the proposed Pacman-shaped 

antenna. 

 

To model and optimize the proposed antenna, HFSS 

simulator was used. A radiation box placed at a distance 

of 𝜆/4 from the substrate was used to measure the far 

field parameters. The solution frequency was set to  

3.1 GHz which is the lowest frequency edge, with 

maximum delta S = 0.01 and number of passes of 12. 

After several simulations and performing a parametric 

study (described in Section IV), the optimum parameters 

of the proposed UWB antenna are chosen as follows: 

L = 38 mm, W =  Lgnd = 25 mm, Lfeeding  = 12 mm, 

Wfeeding  = 3 mm, Wgnd  = 11.8 mm, R = 11.5 mm,  

W1 = 0.8 mm, L1 = 5 mm, W2 = 0.2 mm, L2 = 15.8 mm, 

W3 = 0.7 mm, L3 = 6mm, W4 = 0.3 mm, L4 = 14 mm,  

θ = 80o, S = 3.8 mm, and d = 3.1 mm. 

The optimum design parameters were used to build a 

prototype of the proposed antenna which is shown in  

Fig. 2. 

Measurements were performed in the laboratory 

environment using an Agilent Vector Network Analyzer 

(VNA). Figure 3 shows the simulated and measured 

voltage standing wave ratio (VSWR) of the proposed 

antenna. It can be observed that measurement agrees 

well with simulation except in the range 11-13 GHz 

which could be due to experimental tolerances, fabrication 

tolerances, and the effect of the connector. The antenna 

works in the UWB range with the VSWR being less than 

2 in the frequency band 2.9-15 GHz except around the 

notched frequencies. As desired, the antenna has filter 

characteristics around 3.5 GHz (the center frequency of 

WiMAX) and 5.5 GHz (the center frequency of WLAN). 

A small shift in the measured notched frequencies can be 

noticed because the simulation environment is different 

from the real environment, and the fact that the substrate 

relative permittivity decreases as the frequency increases 

[21]. Similar shifts in the notched frequencies were seen 

in other papers for the same causes [10], [11], [16]. 

 

 
 

Fig. 2. Picture of the fabricated Pacman-shaped UWB 

antenna. 
 

 
 

Fig. 3. The simulated and measured VSWR of the 

antenna. 

 

III. ANTENNA PARAMETERS 
This section elaborates more on the proposed antenna 

parameters. Since UWB antennas involve transmission 

of large bandwidths, time domain parameters are as 

important as the frequency domain parameters because 

they determine how much the antenna disperses the 

received signal. Different frequency domain parameters 

and the group delay for the proposed antenna will be 

discussed in this section. 

 

A. Antenna gain  

Usually, when one talks about the antenna gain, 

he/she refers to the realized peak gain which takes into 

account the mismatch losses. The simulated gain of the 
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antenna is illustrated in Fig. 4. The gain increases in the 

whole antenna bandwidth from 2 dB to nearly 8 dB, while 

it drops to -5.4 dB at 3.5 GHz (the center frequency of 

WiMAX) and to -2.9 dB at 5.5 GHz (the center frequency 

of WLAN). 

 

 
 

Fig. 4. The realized peak gain of the antenna 

 

B. Radiation pattern 

UWB printed monopole antennas are known to have 

omni-directional pattern similar to the linear monopole 

antenna in which the E-plane has the figure-8 shaped 

pattern, and the H-plane is non-directional. Moreover,  

an antenna can have two polarizations, one is in the 

intended direction (co-polarization), and the other is 

orthogonal on it (cross-polarization) [22]. One should try 

to minimize the cross-polarization to reduce polarization 

mismatch. Figure 5 illustrates the E-plane (yz-plane) and 

H-plane (xz-plane) co-polarization and cross-polarization 

patterns of the antenna at 4, 6, and 9 GHz. 

It is clear that the antenna has the figure-8 shape in 

the E-plane with very small cross-polarization component, 

but as the frequency increases, the radiation pattern 

becomes distorted and the cross-polarization component 

increases. On the other hand, the antenna is non-

directional (having an O-shaped pattern) in the H-plane 

with cross-polarization component lower than the co-

polarization one. 

 

C. Current distribution 

The last frequency domain parameter to consider is 

the current distribution. Figure 6 illustrates the current 

distribution at 3.5, 5.5, 9, and 12 GHz. It can be observed 

that the current is mainly concentrated at the edges of  

the circular patch and the feeding line, but, this does  

not happen at 3.5 GHz where the current is mainly 

concentrated at the U-shaped slot (WiMAX slot) and  

5.5 GHz where the current is mainly concentrated at the 

WLAN straight slot. This indicates that the notches have 

a short circuit effect to prevent interference from WLAN 

and WiMAX.  

 

 

 

  
 

Fig. 5. The normalized E-plane and H-plane co-

polarization and cross-polarization patterns (in dB) at 4, 

6, and 9 GHz. 
 

 

 

 

 

 

 

 

 

 

  

 

     

 

 

 

 

 

 

 

 

 

 
Fig. 6. The current distrbution at 3.5, 5.5, 9, and 12 GHz. 
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D. Group delay  

Group delay has an important role in the dispersion 

characteristics of the antenna. A comparison between  

the simulated group delay (using 𝑆11 and  𝑆21 ) and the 

measured one (computed using the measured S11) is 

illustrated in Fig. 7. To compute the group delay from 

the phase of 𝑆21 , two similar proposed antennas were 

placed face-to-face a distance of 30 cm. The group delay 

is almost constant over the whole band except at the 

notched frequencies. In fact, using 𝑆21  to compute the 

group delay gives more realistic results. Since the 

measured group delay is almost constant, little distortion 

is introduced by the antenna.  

Table 1 lists a comparison between the proposed 

antenna and six other ones that have recently appeared in 

literature. It can be seen that the proposed design has a 

comparable size compared to others, with a larger peak 

gain. Moreover, the low and high frequency edges 

compete with the ones cited in the table. 
 

 
 

Fig. 7. The simulated and measured group delay of the 

proposed antenna. 
 

Table 1: Comparison between the proposed design and 

previous designs 

Ref. Dimension 
Peak Gain 

(dB) 
𝑓𝑙 

(GHz) 

𝑓𝐻 

(GHz) 

[8] 12 mm × 18 mm 6 2.8 11.6 

[17] 42 mm × 40 mm 4.4 2.44 11.9 

[9] 25 mm × 20 mm 3 2.63 13.02 

[2] 29 mm × 20.5 mm 6 3 10.72 

[23] 41 mm × 34 mm 4.85 3.26 19.1 

[24] 63.25 mm × 51 mm - 3.1 15 

Proposed 38 mm × 25 mm 8 2.9 15 
 

IV. PARAMETRIC STUDY 
A parametric study of the proposed antenna was 

performed to control the antenna and the notch filters 

operations. The first parameter to consider is the effect 

of the angle of the sector on the antenna return loss 

(without the existence of the filtering slots) which is 

illustrated in Fig. 8. It is clear that the angle of the sector 

highly affects the return loss. As the angle is varied, the 

return loss and the input impedance change. So, a value 

that achieves a good return loss, good input impedance, 

and wide bandwidth was chosen to be 80o.  
 

 
 

Fig. 8. The effect of varying the angle of the sector with 

R = 11.5 mm, p = 0.2 mm, and W1 = 0.8 mm. 
 

Then, the effect of the slots dimensions on the 

notched frequencies is studied. The notches lengths were 

initially computed to be λ/2 at the notch frequencies,  

and then their widths, lengths, and positions (S and d) 

were optimized. Figures 9, 10, and 11 show the effect of 

varying the widths of the notches  W2 , W3 , and W4 , 

respectively, while keeping the radius, the gap p, the 

ground plane notch dimensions, and the sector angle 

fixed to the optimum values. From Fig. 9, it can be seen 

that changing W2 has no effect on the center frequency 

of the WiMAX, while it changes the center frequency of 

the WLAN. Its value was set to 0.2 mm to have the center 

frequency at 5.5 GHz and notch characteristic from 5 to 

6 GHz. In Figs. 10 and 11, the WLAN center frequency 

somewhat varies with W3 and W4, but the major variation 

is in the WiMAX center frequency. Their values were 

chosen as 0.7 mm and 0.3 mm, respectively, to have the 

center frequency at 3.5 GHz.  

The notches lengths also have effects on the notches 

operation. In Fig. 12, the effect of varying the length of 

the WLAN notch filter is illustrated. As expected, as the 

length changes, the center frequency of the WLAN 

changes too, while the center frequency of WiMAX is 

fixed. The value was chosen to be 15.8 mm. Figures 13 

and 14 illustrate the effect of varying the lengths L3 and 

L4 (the total length of the WiMAX notch). The values  

of L3  and L4 mainly affect the center frequency of the 

WiMAX, while the center frequency of the WLAN is 

slightly affected. The optimum values were chosen 6 mm 

and 14 mm, respectively, where the sum of L3  and L4 is 

the same as the total length of the WiMAX notch 

computed using Equation (2). 
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Fig. 9. The effect of varying the value of   W2  with  

W3 = 0.7 mm, W4 = 0.3 mm, and optimum notches lengths. 

 

 
 

Fig. 10. The effect of varying the value of   W3  with  
W2 = 0.2 mm, W4 = 0.3 mm and optimum notches lengths. 

 

 
 

Fig. 11. The effect of varying the value of   W4  with  
W2 = 0.2 mm, W3 = 0.7 mm and optimum notches lengths. 

 

 

 
 

Fig. 12. The effect of varying the value of L2  with  

 L3 = 6 mm, L4 = 14 mm and optimum notches widths. 

 

 
 

Fig. 13. The effect of varying the value of L3  with 
 L2 = 15.8 mm, L4 = 14 mm and optimum notches widths. 

 

 
 

Fig. 14. The effect of varying the value of 𝐿4  with 

𝐿2 = 15.8 mm, 𝐿3 = 6 mm and optimum notches widths. 
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V. CONCLUSIONS 
In this paper, a simple printed monopole UWB 

antenna with two band-notched frequencies was designed 

and analyzed. Simulations showed that the antenna 

works well in the UWB range with better than 10 dB 

return loss. Experimental results were very close to the 

simulation ones. Frequency domain and time domain 

characteristics were investigated. The antenna exhibits 

an omni-directional radiation pattern with high peak gain 

except at the notched frequencies. Also, the group delay 

of the antenna was almost constant such that the distortion 

caused by the antenna is very small except at the notched 

frequencies. The advantages of the proposed antenna are: 

cheap, simple and compact for small portable devices. 

Additionally, the proposed antenna has stable radiation 

characteristics and can reject interference from existing 

wireless systems working in the same band of frequencies. 
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