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Abstract 

A novel printed circular monopole antenna with bandwidth more than 

ultra- wide band along with reconfigurable single, dual and triple notch 

band is presented. The antenna provides bandwidth of 3.04 – 17.2 GHz 

by generating additional resonances towards higher end with modified 

ground structure. Moreover, the reconfigurable notches at WiMAX, 

WLAN and downlink of X band satellite communication are designed 

using slot technique to reduce interference at these wireless services if 

present. Thus, designed antenna provides a good solution for spectrum 

sensing and dynamic spectrum access as required in cognitive radios. 

The reconfiguration of notch bands is experimented using 0 ohm 

surface mounted resistors to show RF switching. 
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1. INTRODUCTION 

The ultra-wideband (UWB) antennas have gain popularity as 

they provide larger bandwidth, high data rate wireless 

transmission, low power dissipation and multiple access 

capability. These UWB (3.1-10.6GHz) antennas finds application 

in cognitive radios for spectrum sensing, which is done to allocate 

the unused spectrum of the primary users to the secondary users 

for effective utilization of available spectrum. This provides 

solution to spectrum congestion due to increasing wireless 

services. But, within the ultra- wideband, there are narrow band 

wireless services like WiMAX (3.3-3.6GHz), lower WLAN 

(5.15-5.35GHz) and downlink of X band satellite communication 

(7.25-7.75GHz). This services causes interferences in the UWB 

spectrum. This interference is reduced by generating fixed 

notches at the interfering wireless services in the UWB spectrum. 

These fixed notches are designed by using a pair of protruded 

strips with the effect of mutual coupling between them [1] and 

split ring resonators coupled to feedline or slots etched on the 

radiating plane of antenna [1-2]. But, the disadvantage of the fixed 

notches is that they provide permanent band rejection at these 

wireless services and limits the full utilization of the UWB 

spectrum.  

Instead, this paper discusses the design of frequency 

reconfigurable notches at these wireless services which will only 

be active if, interference is present from these wireless services. 

In addition, whenever, there is no coexistence from these services 

the complete UWB spectrum can be used. Thus, efficient use of 

spectrum is achieved by frequency agile/frequency reconfigurable 

antennas or wideband antenna with reconfigurable notches. [3-5] 

shows that antenna can select either a narrow band or wideband 

mode of operation depending on the reconfigurability selection. 

The author discusses ultra wideband antennas with reconfigurable 

band notch/rejection characteristics which find application for 

spectrum sensing and interference free spectrum allocation in 

cognitive radios. Hence this topic finds a great potential in 

research. In literature, designs of UWB with notch bands using 

different techniques are reported. Electronic Band Gap structures 

below the feedline [6] are used to create band notches which 

provide good gain suppression at the notches, but their 

performance is limited due to dielectric loss of the substrate and 

design complexity.  

Another technique is Surface integrated waveguide cavity [7] 

in the feedline and has good performance but suffers due to large 

size and fabrication complexity of an antenna. The resonators or 

parasitic structures either capacitive or inductively coupled are 

etched in the radiating or ground or below feedline of an antenna 

to achieve band notches. This technique suffers due to complexity 

of structures and the closely space resonators shows strong 

couplings [8-9] which limits the maximum number of notches that 

can be generated. [9] Uses spiral antenna with the patch to 

generate Bluetooth application at 2.45GHz along with fixed 

quadruple notches in UWB by using resonators. The technique of 

etching slots on the antenna structure with different shapes like U, 

E, T etc. are reported to achieve the band rejection [10-12]. This 

technique gives better performance if the effective slot length and 

slot position are parametrically optimised.  

Most of the literature work discussed above has focussed over 

fixed rejection bands. But, the need of reconfigurable rejection 

that is presence of either or all possible combination of rejection 

bands arises for better spectrum sensing and the efficient 

allocation of the unused interference free spectrum in cognitive 

radios. The reconfiguration is possible by mechanical or electrical 

control. The author proposes the electrical control for 

reconfiguration of spectrum characteristics. The electrical control 

is done by RF switches like pin diodes, varactor diode or MEMS 

switches. Position of these switches on antenna determines the 

desired notched frequency. The reconfigurable rejection bands are 

created by using pin diode as switches. They are easy for biasing 

but have low switching speed [13-14].  

Varactors diodes are used to tune the position of notch bands 

[15-16] by changing the capacitance value of varactor diode using 

applied voltage and MEMS are utilized to lower DC power 

consumption and fast switching time but has fabrication 

complexity as compared to pin diode and varactor diode [17-18]. 

The proposed work uses the slot technique to design compact 

reconfigurable triple band rejection antenna with bandwidth more 

than the ultra-wideband. The switches are placed at appropriate 

position over the slots. The switch ON/OFF state changes the 

current path on the surface of antenna to achieve the 

reconfigurable rejection bands. To the author’s best knowledge 

the proposed antenna with reconfigurable triple band notch 
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characteristics at WiMAX (3.3-3.6GHz), lower WLAN (5.15-

5.35GHz) and downlink of X band satellite communication (7.25-

7.75GHz) and a bandwidth of (3.04 -17.2GHz) is unique using 

slot technique. 

2. ANTENNA DESIGN AND CONFIGURATION 

The proposed antenna is a circular monopole antenna fed by a 

50Ω microstrip line. Antenna is printed on FR-4 substrate εr of 

4.4, tanδ of 0.02. The antenna has a compact size of 

40381.59mm3. In the proposed structure, a cup shaped slot is 

etched below the feedline and the upper edges of ground plane are 

cut to achieve impedance matching over a wide bandwidth. This 

change generates additional resonance at 12.5 and 17GHz which 

gives impedance bandwidth of (3.04-17.2GHz) with S11 < -10dB. 

The Fig.1(a) shows the front view and Fig.1(b)-(d) shows the 

structural changes made to the ground plane to achieve large 

impedance bandwidth. 

    

(a) (b) (c) (d) 

Fig.1(a). Front view Fig.1b-1d Structural changes in the ground 

plane to improve bandwidth 

Improvements in S11 with structural changes on the ground 

plane of the antenna as shown in Fig.1(b)-(d). 

 

Fig.1(b)-(d). Improved bandwidth due to structural changes  

The structure of the circular monopole antenna and ground 

plane is as shown in Fig.2(a) and Fig.2(b). The rejection bands are 

created by using slot technique. The two symmetrically placed 

open ended slots about the feedline as shown in Fig.2(b) on the 

ground plane are responsible to generate the stronger notch band 

at WiMAX. The U shaped slot in the radiating plane as shown in 

Fig.2(a) is responsible for rejection band at WLAN and the thin 

U slot on the ground underneath the feedline as shown in Fig.2(b) 

rejects the downlink frequency of X band satellite 

communication. 

 

(a) 

 

(b) 

Fig.2. Geometry of the proposed antenna. (a) Front view (b) 

Bottom view 

The effective length of the slots decides the resonant 

frequency of notch bands. The effective length of the open ended 

slot is equal to quarter of the guided wavelength at notch 

frequency. The effective length of U shaped slots over the 

radiating plane and underneath the feedline is approximately half 

the guided wavelength at the notch frequency. 

From Eq.(1) the effective lengths of the slots and practical slot 

lengths used in design are tabulated in Table.1, 
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Length of slot at respective frequencies are calculated by, 

L at 3.3 GHz = Ls2 + Ls3 +Ls4 – g1. 

L at 5.2 GHz = Ls4 + 2Ls5 – g2 – d. 

L at 7.6GHz = 2Ls6– g3. 

where, g1, g2 and g3 are the widths of the slot respectively, c is 

speed of light, εeff is effective dielectric constant, εr is relative 

dielectric constant and f0 resonant frequency for notch band. 

Table.1. Optimised Dimension for Effective Resonating Length 

at Notch Frequency 

Slot 
Notch 

frequency 

λg 

(mm) 

Slot length 

(mm) 

(theoretical) 

Slot length (mm) 

(Practical) 

1 3.3 GHz 55.32 λg/4 = 13.83 14.8 

2 5.2 GHz 35.11 λg/2 = 17.55 16.75 

3 7.6 GHz 24.02 λg/2 = 12.01 12.5 
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The structure shows S1, S2, S3 and S4 are switches placed over 

the slot to achieve switchable rejection bands. In prototype, the 

RF switches are experimented by using surface mounted 0 ohm 

resistor. The ON/OFF of a RF switch is experimented by the 

presence/absence of a 0 ohm SMD resistor respectively. The 

Table.2. Shows the optimized dimension of the proposed antenna. 

Table.2. Optimised Dimension of the Proposed Antenna in mm 

W L Wf Lf 

40 36 3 19 

R Ls1 Ls2 Ls3 

7.5 6 5.4 4.4 

Ls4 Ls5 Ls6 Lc 

6.5 7 6.6 3 

Wc Wg1 Lg Lg1 

3 6.25 13.5 4.5 

d 

2.25 

The working of the antenna can be explained using Fig.3(a)–

(c), when the RF switches are OFF (open) there is dominant 

current concentration near the slots edges at 3.6GHz, 5.2GHz and 

7.6GHz notch frequencies respectively. Hence, the impedance 

decreases near the slots. This leads to high attenuation and hence 

rejection at the notch frequencies. These notch frequencies are 

governed by effective resonating length of the slot, their position 

and the width of slot is responsible for the lower frequency and 

bandwidth at the notch frequency. When the switches are ON (0 

ohm SMD resistor connected) the current distribution remains 

uniform and the impedance remains matched to the feedline 

resulting into ultra-wide band antenna as shown in Fig.4(a). 

   

(a) (b) (c) 

Fig.3. Simulated surface current distribution at the notch 

frequency (a) 3.6 GHz (b) 5.2 GHz (c) 7.6 GHz 

3. RESULTS AND DISCUSSION 

In this section, the simulation and measured results of return 

loss, gain characteristics and radiation pattern are discussed. The 

simulation results are obtained using High Frequency Structure 

Simulator (HFSS) and hardware measurements are made using 

vector network analyzer (VNA E8364B Agilent Technologies). 

The proposed antenna can work for eight states with different 

combinations of switches (SW1-SW2, SW3 and SW4) which 

generates any combination of single, dual, and triple rejection 

band along with UWB. 

The results of return loss verses frequency of the four states 

for the prototype are shown below in Fig.4(a)-(d). The Fig.4(a) 

shows the return loss below -10dB for 3.04-17.2GHz which 

covers bandwidth of 140% more than the ultra-wideband. The 

Fig.4(b) for state 2 shows the rejection of WiMAX (3.3-3.6GHz) 

with high rejection - 2dB. The Fig.4(c) shows dual band rejection 

for WiMAX and lower WLAN (5.15-5.35GHz with rejection of -

2 and -4dB. Additional rejection band is added in Fig.4(d) at 

downlink of X band satellite communication (7.25-7.75GHz) 

with rejection of -5dB. The tolerable differences in the simulated 

and measured results exist because in simulation ON state is 

assumed as perfect E boundary in HFSS while during 

measurement prototype uses 0 ohm SMD resistor (0605 chip 

resistor) as ON state. The differences are more prominent at high 

frequency due to transit time effect in components at high 

frequency. Also there is difference due to fabrication and 

soldering of chip component as well as the connection losses 

between port and the antenna. 

 

Fig.4(a). Simulated and measured results of state 1 with UWB 

 

Fig.4(b). Simulated and measured results of state 2 with single 

notch 

 

Fig.4(c). Simulated and measured results of state 3 with dual 

notch 
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Fig.4(d). Simulated and measured results of state 4 with triple 

notch 

The details of bandwidth of the four states along with the 

comparison between the simulated and measured results are 

tabulated in Table.3 below. 

Table.3. Simulated and Measured Return loss for Four States of 

the Proposed Antenna 

State 

Switch (SW) 

Configuration 
Results 

SW 

1 & 2 

SW 

3 

SW 

4 

No. of 

Bands 

Notch 

Bandwidth(GHz) 

Simulated Measured 

1 ON ON ON UWB 2.64 -16.2 3.04 -17.2 

2 OFF ON ON 

Single 

Notch 

Band 

2.96 -3.92 2.96 - 4.16 

3 OFF OFF ON 

Dual 

Notch 

Band 

2.92 -3.92 2.96 - 3.92 

5.04-5.68 4.8 - 5.5 

4 OFF OFF OFF 

Triple 

Notch 

Band 

2.9 - 3.92 2.89 - 4.06 

5.2 - 5.68 4.76 - 5.48 

7.12 - 7.8 7.13 - 7.95 

The Fig.5 indicates the comparison between the gain plot for 

the ultra-wide band (state 1) and triple notch antenna (state 4). The 

gain is within 0-5dB for all frequencies except at the notch 

frequencies where the gain falls below -2dB. 

 

Fig.5. Simulated peak gain of antenna UWB and with triple 

notch bands 

The Fig.6 shows the simulated radiation pattern including Co 

and Cross polarization in E plane (yz plane) and H plane (xz 

plane). The radiation patterns are omni directional both at the 

notch frequency and pass-band frequency showing similar 

radiation pattern with frequency agility which is one of the 

important requirement of frequency reconfigurable antennas. The 

cross polarization is less than co-polarization in both E and H 

plane. The radiation pattern remains constant over wide range of 

frequencies indicating that the designed antenna can be used over 

the wide band. 

  

  

(a) E plane (a) H plane 

  

(b) E plane (b) H plane 

  

(c) E plane (c) H plane 

  

(d) E plane (d) H plane 

Fig.6. Simulated radiation pattern of the antenna (a) 3.44GHz 

(b) 5.36GHz (c) 7.6GHz (d) 10GHz 

The Fig.7(a)-(d) shows the photograph of fabricated proposed 

antenna. The prototype shows the use of 0 ohm SMD resistor to 

realize an ON switch. In the prototype antenna, open circuit shows 

OFF switch as in Fig.7.(a)-(b) and 0 ohm SMD resistor is 
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connected on the slots to realize low impedance ON switch as in 

Fig.7(c)-(d). 

  

(a) Radiating plane with SW3 

OFF 

(b) Ground plane with SW1, 

SW2 and SW4 OFF 

  

(c) Radiating plane with SW3 

ON. 

(d) Ground plane with SW1, 

SW2 and SW4 ON 

Fig.7. Fabricated proposed antenna 

Table.4. Comparisons with Reported Fixed and Reconfigurable 

Notch Band Antennas 

Ref 
Size/ 

Material 

Rejection Bands  

(GHz) 

BW 

(GHz) 

7 

 

24170.78 

mm3 Duriod 

substrate (2.2) 

tan δ=0.0009 

Fixed Bluetooth 

Fixed Quad Rejection 

f1 = 3.3-3.65 GHz, 

f2 = 5.12 – 5.3 GHz 

f3 = 5.72 – 5.83 GHz, 

f4 = 8.018 – 8.4 GHz 

UWB 

11 

 
20200.8 mm3 

FR4 

Reconfigurable single 

and dual band 

f1 =3.12 – 3.84 GHz 

f2 = 4.9 – 6.06 GHz 

UWB 

13 

1821 mm2 

εr =4.4 

(using varactor 

diode) 

Triple rejection 

3.4 – 3.69 GHz 

3.4 – 4.2 GHz 

5.15 – 5.85 GHz 

(single band at a time) 

3.1-10.3 

GHz 

Proposed 

work 

40381.59 

mm3 

FR4 

Reconfigurable Single, dual 

and triple notch 

2.89 - 4.06 GHz 

4.76 – 5.48 GHz 

7.13 – 7.95 GHz 

3.04-

17.2 

GHz 

4. CONCLUSION 

A planar circular monopole antenna with bandwidth more than 

ultra-wide band (3.04-17.2GHz) with reconfigurable single, dual 

and triple notch band on demand using modification over the 

ground plane and resonating slot is designed. Thus, the designed 

antenna can be used for spectrum sensing and dynamic spectrum 

access in cognitive radios with either or all possible combination 

of rejection bands. Also, skillfully designed slots are simple and 

good solution to generate reconfigurable notches keeping small 

form factor without affecting other antenna parameters. 
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