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Abstract ─ A new printed reconfigurable 

monopole antenna with multi-resonance and 

switchable dual band-notched performances is 

presented, whose frequency characteristics can be 

reconfigured electronically to have both a single or 

dual-band notch function to block interfering 

signals from Wireless Local Area Network 

(WLAN) for 5-6 GHz and/or X-band 

communications around 9-10 GHz. The presented 

antenna consists of a square radiating patch with 

H-shaped slot and a ground plane with a pair of L-

shaped parasitic structures. We use two PIN 

diodes across the antenna configuration that by 

changing the on/off conditions of the PIN diodes, 

the antenna can be used for multimode 

applications. In the proposed structure, when 

D1=ON & D2=OFF, an UWB antenna with a 

multi-resonance characteristic can be achieved and 

we can give additional resonances at higher 

frequency bands that provides a wide usable 

fractional bandwidth of more than 125% (3.02-

12.43). By changing the condition of integrated 

diodes to D1=OFF & D2=ON, the pair of rotated 

T-shaped slots at radiating patch have converted to 

H-shaped slot and the L-shaped parasitic structures 

have converted to inverted Ω-shaped structure. 

The proposed antenna can be used to generate 

either single or dual notch band to isolate and 

block any interference in the UWB frequency 

range. 

Index Terms ─ PIN diode, reconfigurable antenna 

and UWB wireless communications. 
 

I. INTRODUCTION 
In UWB communication systems, one of key 

issues is the design of a compact antenna while 

providing a wideband characteristic over the 

whole operating band. Consequently, a number of 

microstrip antennas with different geometries have 

been experimentally characterized. Moreover, 

other strategies to improve the impedance 

bandwidth, which do not involve a modification of 

the geometry of the planar antenna have been 

investigated [1-3]. 

The frequency range for UWB systems 

between 3.1-10.6 GHz will cause interference to 

the existing wireless communication systems; for 

example, the WLAN for IEEE 802.11a operating 

in 5.15-5.35 GHz and 5.725-5.825 GHz bands and 

X-band communication systems, so the UWB 

antenna with a band-notched function is required. 

Lately, to generate the frequency band-notched 

function, several modified planar monopole 

antennas with band-notched characteristic have 

been reported [4-5]. 

In this paper, a reconfigurable square 

monopole antenna with single or dual-band 

notched and multi-resonance performances is 

presented. In the proposed structure, multimode 

operation is provided by changing the on/off 
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conditions of the PIN diodes, that the antenna can 

be used to generate either a single or dual notch 

band to isolate and block any interference in the 

WLAN and/or X-band frequency bands. The size 

of the designed antenna is smaller than the UWB 

antennas with band-notched function reported 

recently [6-9]. 

 

II. ANTENNA DESIGN 
The presented small square monopole antenna 

fed by a microstrip line is shown in Fig. 1, which 

is printed on FR4 substrate of thickness of 1.6 

mm, permittivity of 4.4 and loss tangent of 0.018. 

 

 
 

Fig. 1. Geometry of the proposed antenna: (a) side 

view, (b) top layer and (c) bottom layer. 

 

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. 

The width of the microstrip feed line is fixed at 2 

mm, as shown in Fig. 1. On the other side of the 

substrate, a conducting ground plane is placed. 

The proposed antenna is connected to a 50- SMA 

connector for signal transmission. The final values 

of proposed design parameters are as follows: 

Wsub=12 mm, Lsub=18 mm, hsub=1.6 mm, Wf=2 

mm, Lf=7 mm, W=10 mm, WS=6 mm, LS=8 mm, 

WS1=1 mm, LS1=3.75 mm, LS2=2 mm, WP=4.75 

mm, LP=3.5 mm, WP=4.25 mm, LP1=0.5 mm, 

WD=0.5 mm, LD=0.5 mm, d=1 mm, d1=0.75 mm 

and Lgnd=3.5 mm. 

 

III. RESULTS AND DISCUSSIONS 
The proposed microstrip 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. Ansoft HFSS simulations 

are used to optimize the design and agreement 

between the simulation and measurement is 

obtained [10]. 

 

A. UWB antenna (D1=ON and D2=OFF) 
The configuration of the presented 

reconfigurable monopole antenna was shown in 

Fig. 1. Geometry for the monopole antenna with a 

ground etch (Fig. 2 (a)), with a pair of rotated T-

shaped slots (Fig. 2 (b)) and with a pair of rotated 

T-shaped slots and L-shaped parasitic structures 

(Fig. 2 (c)) are compared in Fig. 2. 

 

 
 

Fig. 2. (a) Basic structure (a square monopole 

antenna with a ground etch), (b) the antenna with a 

pair of rotated T-shaped slots and (c) antenna with 

a pair of rotated T-shaped slots and a pair of L-

shaped conductor-backed plane. 

 

Simulated VSWR characteristics for the 

structures that were shown in Fig. 2 are compared 

in Fig. 3. As shown in Fig. 3, it is observed that 

the upper frequency bandwidth is affected by 

using these structures and we can give additional 

resonances at higher bands that provide a wide 

usable fractional bandwidth. 
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Fig. 3. Simulated VSWR characteristics for the 

various structures shown in Fig. 2. 

 

In order to understand the phenomenon behind 

this multi-resonance performance, the simulated 

current distributions for the proposed antenna on 

the radiating patch at the third resonance 

frequency (10.7 GHz) is presented in Fig. 4 (a). It 

is found that by inserting a pair of rotated T-

shaped slots, a new resonance at 10.7 GHz can be 

achieved. Another important design parameter of 

this multi-resonance performance is a pair of 

inverted L-shaped parasitic structure, that by 

adding this structure in the ground plane fourth 

resonance at 11.5 GHz has been obtained. The 

simulated current distributions for the proposed 

UWB antenna in the ground plane at 11.5 GHz 

(fourth resonance) are presented in Fig. 4 (b). As 

shown in Fig. 4 (b), the current flows are more 

dominant around of the L-shaped parasitic 

structures [11-13]. 

 

 
 

Fig. 4. Simulated surface current distributions for 

the UWB antenna: (a) on the radiating patch at 

10.7 GHz and (b) in the ground plane at 11.5 GHz. 

B. Single and/or dual band-notched antenna 

(D1=OFF and/or D2=ON) 

In the proposed antenna configuration, by 

changing the conditions of the PIN diodes, the 

desired band notching characteristics can be 

achieved. Geometry for the UWB monopole 

antenna (D1=ON and D2=OFF) (Fig. 5 (a)), with a 

single band-notched function (D1=OFF and 

D2=OFF) (Fig. 5 (b)) and with dual band-notched 

function (D1=OFF and D2=ON) (Fig. 5 (c)) are 

compared in Fig. 5. 

 

 
 

Fig. 5. Various structures for the proposed 

reconfigurable antenna: (a) D1=ON & D2=OFF, 

(b) D1=OFF & D2=OFF and (c) D1=OFF & 

D2=ON. 

 

Simulated VSWR characteristics for the 

structures that were shown in Fig. 5 are compared 

in Fig. 6. As shown in Fig. 6, it is observed that 

the lower frequency band-notched function is 

affected by using an H-shaped slot on the radiating 

patch and by using an  -shaped conductor-

backed plane, a dual band-notched performance 

has been obtained. 

 

 
 

Fig. 6. Simulated VSWR characteristics for the 

various structures shown in Fig. 5. 
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To know the phenomenon behind this single 

or/and dual band-notched performance, the 

simulated current distributions for the proposed 

dual band-notched antenna on the radiating patch 

at 5.5 GHz (first band-notched) is presented in Fig. 

7 (a). It is found that by inserting an H-shaped slot 

at radiating patch, a single band-notched function 

around 5-6 GHz can be achieved. Another 

important design parameter of this multi band-

notched performance is an inverted  –shaped 

conductor-backed plane. By adding this structure 

in the ground plane, dual band-notched function 

has been obtained. The simulated current 

distributions for the proposed antenna in the 

ground plane at 9.5 GHz (second frequency band-

notched) is presented in Fig. 7 (b). As shown in 

Fig. 7 (b), the current flows are more dominant 

around of the inverted  -shaped parasitic 

structure [14]. 

 

 
 

Fig. 7. Simulated surface current distributions for 

the antenna at the notched frequencies: (a) on the 

radiating patch at 5.5 GHz and (b) in the ground 

plane at 9.5 GHz. 

 

For applying the DC voltage to PIN diodes, 

metal strips with dimensions of 1.2 mm ×0.6 mm 

were used inside the main slots. In the introduced 

design, HPND-4005 beam lead PIN diodes [15] 

with extremely low capacitance were used. For 

biasing PIN diodes, a 0.7 volt supply is applied to 

metal strips. The PIN diodes exhibit an ohmic 

resistance of 4.6 Ω and capacitance of 0.017 pF in 

the on and off states, respectively. By turning 

diodes on, the embedded H-shaped slot was 

converted to the pair of T-shaped slot and the 

metal L-shaped strips are connected to each other 

and become a Ω-shaped strip. The desired notched 

frequency bands can be selected by varying the 

states of the PIN diodes, which changes the total 

equivalent length of the strip and slot structures. 

The proposed microstrip monopole antenna 

with final design as shown in Fig. 8, was built and 

tested and the VSWR and characteristic was 

measured using a network analyzer. 

 

 
 

Fig. 8. Photograph of the realized antenna. 

 

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, a two-antenna technique 

using a 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) [16]. 

The measured and simulated VSWR 

characteristics of the proposed antenna in 

multimode operations were shown in Fig. 9. The 

presented antenna has the frequency band of 3.02 

to over 12.43 GHz, with a variable single and/or 

dual band-stop performance. 

 

 
 

Fig. 9. Measured VSWR characteristics for the 

proposed antenna. 
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However, as seen, there exists a discrepancy 

between measured data and the simulated results. 

This discrepancy is mostly due to a number of 

parameters, such as the fabricated antenna 

dimensions as well as the thickness and dielectric 

constant of the substrate on which the antenna is 

fabricated and the wide range of simulation 

frequencies. In a physical network analyzer 

measurement, the feeding mechanism of the 

proposed antenna is composed of a SMA 

connector and a microstrip line (the microstrip 

feed-line is excited by a SMA connector); 

whereas, the simulated results are obtained using 

the HFSS, that in HFSS by default, the antenna is 

excited by a wave port that it is renormalized to a 

50-Ohm full port impedance at all frequencies. In 

order to confirm the accurate return loss 

characteristics for the designed antenna, it is 

recommended that the manufacturing and 

measurement processes need to be performed 

carefully. Moreover, SMA soldering accuracy and 

FR4 substrate quality need to be taken into 

consideration. 

Figure 10 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 pattern on the y-z plane displays a typical 

figure-of-eight, similar to that of a conventional 

dipole antenna. It should be noticed that the 

radiation patterns in E-plane become imbalanced 

as frequency increases, because of the increasing 

effects of the cross-polarization. The patterns 

indicate at higher frequencies and more ripples can 

be observed in both E and H-planes, owing to the 

generation of higher-order modes. [17-18]. 

Measured maximum gain levels of the 

proposed antenna with different conditions of 

active elements were shown in Fig. 11. The 

antenna gain has a flat property, which increases 

by the frequency. As illustrated, two sharp 

decreases of maximum gain in the notched 

frequency bands at 5.5 and 9 GHz are shown in 

Fig. 11. As seen, the proposed antenna has 

sufficient and acceptable gain levels in the 

operation bands [19]. 

 

 
 

Fig. 10. Measured radiation patterns of the antenna 

for D1=OFF & D2=ON: (a) 4 GHz, (b) 7.5 GHz 

and (c) 11 GHz. 

 

 
 

Fig. 11. Measured maximum gain characteristics 

for the proposed antenna. 
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IV. CONCLUSION 
A new reconfigurable monopole antenna with 

electrically switchable notch band and multi-

resonance functions for UWB applications is 

presented. The antenna is reconfigurable to 

suppress unwanted interfering signals by using 

PIN diodes integrated within the antenna 

configuration. By changing the on/off conditions 

of the PIN diodes, the antenna can be used to 

generate either a single or dual notch band to 

isolate and block any interference in the X-band 

and/or WLAN frequency bands. Simulated and 

experimental results show that the proposed 

antenna could be a good candidate for UWB 

applications. 
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