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Abstract—In this paper, a wideband monopole antenna with 

reconfigurable frequency notch through wireless local area 

network (WLAN) (5.15-5.35GHz and 5.725-5.825GHz) or 

future wireless fidelity 6GHz (Wi-Fi-6E) (5.925-7.125GHz) 

band for C-band applications is presented. The 

conventional/basic monopole antenna consists of four-leaf 

clover antenna structure with cascaded feeder and Defected 

Ground Structure (DGS). The basic antenna is designed and 

then simulated using Computer Simulation Technology 

(CST) and High-Frequency Structure Simulator (HFSS) 

readymade software programs. The antenna covering an 

operational bandwidth extends from 4.2GHz to 9.2GHz 

while the gain is around 4.0dBi. Two simple resonator 

conductors are added near the thin feeder of antenna to 

realize the notched frequency. The rejected frequency 

within WLAN or Wi-Fi 6E bands is controlled by the 

resonator conductor lengths, so Positive-Intrinsic-Negative 

(PIN) diodes switches are inserted to achieve the required 

length for each rejected band. Finally, each of the basic 

antenna and the proposed notched antenna are fabricated 

and measured. The measurement results are in good 

agreements with the simulated results of CST and HFSS, 

providing good antenna performance and sharp notches 

with good rejection values.

 

Index Terms—Wideband monopole antenna, WLAN/Wi-Fi 

6E, rejected frequency, PIN diodes, reconfigurable, C-band 

applications 

I. INTRODUCTION 

It is essential to prevent overlapping and interfering 
between Ultra-Wideband (UWB) system and wireless 
communication systems like WLAN as it causes signal 
distortion and decreasing antenna sensitivity. Band-
notched antennas were designed to get over the 
interference and avoid signal distortion. Different 
techniques and approaches were improved to design these 
antennas, including etching slots in radiating patch or 
ground [1]-[8], adding parasitic elements and using stubs 
[9]-[13]. In most of these works, the notched band 
selectivity was not very good as the overall entire band 
(5-6GHz) was rejected not the specified WLAN bands 
(5.15-5.35GHz and 5.725-5.825GHz). This means that 
any desirable data between lower and upper WLAN band 
(5.35-5.725GHz) will be lost. Consequently, it causes a 
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bad impact on the signal and degrades the signal quality. 
Another limitation in these approaches is that WLAN 
notch is always active regardless the interference band 
exists or not. Also, in [12] and [13], each of antenna size, 
complexity and cost increased due to the integration of 
filters and resonators to the basic antenna. To avoid 
rejection of entire WLAN band, an efficient antenna with 
two sharp notches of lower and upper WLAN bands was 
realized by using independent controllable strips in [14]. 
In [15], three rejection bands at 3.3-4.0GHz, 5.15-5.4GHz, 
and 5.8-6.1GHz (WiMAX and WLAN bands) were 
realized by complementary split ring resonators (CSRRs) 
and DGS. Switchable/reconfigurable band notches in 
UWB antennas were designed using switchable structures, 
PIN diodes, varactors and switches to solve the problem 
of permanent presence of rejected band and design more 
efficient antenna. In [16], five PIN diodes were used in 
the main patch to achieve switchable band notches for 
WiMAX or WLAN notch. In [17], two open ended slots 
were inserted in the ground as two notch filters to control 
notched frequencies at WiMAX and WLAN bands. In 
[18], a reconfigurable slot antenna was designed with two 
strip lines and two diodes to reject WiMAX or WLAN 
band or both bands. Also, an improved gain antenna with 
etched structure in the main patch with lumped capacitor 
for changing the notch frequency from WLAN to WiMax 
band was discussed in [19]. In [20], reconfigurable dual 
band notches at 3.8GHz and 5.5GHz were realized by 
using two electronic switches within the SRR and 
CSSRR of the antenna structure. Also, dual tunable 
notched band at 3GHz and 6.8GHz was discussed in [21], 
two varactor diodes were used on the CSRR rings to 
control notch frequencies. In [22], triple notch bands like 
WLAN, WiMax and some of the x-band applications 
were realized by pin diodes in the ground plane with 
small shifting in the notched bands according to the 
diodes ON/OFF states. In [23], the WiMax band was 
rejected by placing a slot resonator in the main antenna 
radiator, while the WLAN notch was controlled by 
variable capacitors in the inverted L-shaped resonator. 

In April 23, 2020, the Federal Communication 

Commission (FCC) in the USA has ruled that 1200 

megahertz (5.925-7.125GHz) of spectrum in the 6GHz 

band available for unlicensed use. These new rules will 

be included in the next generation of WiFi (Wi-Fi 6) 

playing an important role in the growth of IoT [24], [25]. 

Traditionally, WiFi technology including Wi-Fi 6 used 

2.4GHz and 5GHz bands, so this new frequency band 
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will support WiFi technology to operate with high data 

rate, high throughput, high performance and lower 

latency. This means that the new WiFi-6E uses the 

capabilities of 6GHz to enable high-bandwidth 

applications that require faster data throughput like 

streaming video in HD, and online or virtual reality 

gaming. It’ll also allow businesses valuable options for 

the expansion of their networks and networking devices. 

In this paper, a new printed wideband monopole 

antenna with different switchable rejection bands is 

designed, fabricated and measured. Two resonator 

conductors are designed far from the basic monopole 

antenna structure and beside the thin feeder of the 

antenna with a group of PIN diodes to control conductor 

length for tuning notch frequency in WLAN (5.15-

5.35GHz and 5.725-5.825GHz) or WiFi-6E (5.925–7.125 

GHz) band. The proposed antenna is suitable for C-band 

applications with no interferences by Wi-Fi 6E or WLAN 

services. The antenna is analyzed and simulated with the 

help of CST and HFSS software programs, then 

fabricated and measured. The antenna parameters such as 

return loss, antenna gain, radiation patterns and surface 

current distribution are analyzed producing overall good 

performance with sharp notches at good rejection values.  

 
(a) 

 
(b) 

 
(c) 

Fig. 1. A four-leaf clover wideband antenna: (a) Top layer, (b) bottom 

layer, and (c) equivalent circuit model. 

In Section II, the design and analysis of the basic 

wideband antenna is described. Also, parametric study of 

some of antenna parameters is presented in Section III. In 

Section IV, the proposed wideband monopole antenna 

with reconfigurable notched band characteristics with 

simulation results are illustrated. Section V discusses the 

fabrication of antennas and simulation vs measurement 

results. Finally, conclusion of this work is provided in 

Section VI. 

II. DESIGN AND ANALYSIS OF BASIC WIDEBAND 

MONOPOLE ANTENNA 

The layout and equivalent circuit model of the 

proposed four-leaf clover wideband monopole antenna 

are shown in Fig. 1, the idea of this structure is based on 

[26]. The presented monopole antenna is designed and 

fabricated on Roger/Duroid-4003C substrate (εr=3.38, 

h=0.81mm and tanδ=0.001). Some modifications were 

done on clover antenna-1 to antenna-2 and its simulation 

result is shown in Fig. 2 with (S11)<10dB, a rectangular 

slit in the ground plane is etched in antenna-2 to improve 

the impedance matching as seen in Fig. 2.  

In antenna-3, the ground plane was truncated to 

improve lower frequency band selectivity and impedance 

matching. The proposed antenna, Fig. 3 is simulated 

using two software packages CST and HFSS, while the 

ADS simulator was used for the equivalent circuit model. 

The simulated reflection coefficient |S11| shows that the 

impedance bandwidth extends from 4.2GHz to 9.2GHz 

with fractional bandwidth (FBW)greater than 74.63% as 

shown in Fig. 3. Fig. 4 displays the monopole antenna 

surface current distribution where the radiation is around 

the antenna structure and some edges of the feeder. Also, 

simulated antenna average gain and efficiency is around 

4dBi and 98%, respectively as plotted in Fig. 5. 

Furthermore, simulated radiation patterns are depicted in 

Fig. 6, showing E-plane, and H-plane radiation patterns 

that give nearly omnidirectional and stable on the entire 

passband. 

 
Fig. 2. Development of the antenna structure with simulated results of 

return loss |S11|. 

 
Fig. 3. Simulated |S11| for antenna 3. 
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(a) 

 
(b) 

Fig. 4. Surface current distribution for wideband monopole antenna 

by a) HFSS  b) CST. 

 
Fig. 5. Simulated wideband monopole antenna gain and efficiency. 

    
(a)                                                       (b) 

   
(c)                                                     (d) 

Fig. 6. Simulated radiation patterns for wideband antenna by CST at: 

(a) 5.5 GHz, (b) 7.5GHz and by HFSS at c) 5.5, and d) 7.5 GHz. 

III. PARAMETRIC STUDY OF THE WIDEBAND ANTENNA 

A parametric study is carried out studying the four -leaf 

clover wideband monopole antenna, Fig. 1 (a) and (b) to 

get the best performance. 

A. Ground Rectangular Slit Length (L1) 

Taking the antenna-2 as the reference antenna, a slit is 

etched with constant width W1=2.5 mm and slit length L1 

is varied to optimize the performance. Fig. 7 (a) 

illustrates the |S11| response with different slit length (L1) 

values. The length L1=4mm gives the optimum 

performance (S11<10dB) and has a reasonable roll-off 

(4.7dB/GHz) compared with other lengths at the start 

frequency and a good rollup (16.9dB/GHz) at the end 

frequency. 

B. Ground Truncated Dimensions (Lx, Ly) 

With using the length L1=4mm, the dimensions Lx, Ly 

of truncated ground are varied until reached to the 

optimum values Lx=6mm and Ly=10.5mm that give the 

better performance for return loss, Fig. 7 (b). 

C. Ground Length (Lg) 

The parameter Lg basically affects |S11| response and 

antenna operating bandwidth as described in Fig. 7 (c). 

For the chosen Lg lengths, the frequencies near the start of 

the operating bandwidth are nearly the same, but the 

upper frequency is changed. The best operating band-

width performance is realized at optimum Lg=13mm. 

 
(a) 

 
(b) 

 
(c) 

Fig. 7. Reflection coefficient |S11| of wideband monopole antenna 

against (a) the slit length (L1). (b)Truncated ground (Lx, Ly). (c) Ground 

length (Lg). 

IV. PROPOSED NOTCHED ANTENNA SIMULATION 

RESULTS 

Two simple resonator conductors are added near the 

thin antenna feeder, as seen in Fig. 8, to control the 

frequency notch inside WLAN or Wi-Fi 6E band. When 

the resonator conductor length varied from 16 to 22 mm, 

the rejected frequency will be varied inside the band from 

5 to 7GHz which covers WLAN and Wi-Fi 6E bands as 

shown in Fig. 9. It is clear that, the notch frequency is 

inversely proportional to overall conductor, Fig. 10. An 
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empirical formula based on the second order polynomial 

equation is deduced by at least square method [27] to get 

the relation between the rejected frequency and the 

resonator conductor length with error not exceed ±1.7%: 

Fnotch=0.0198L21.1068L+19.80                (1) 

where Fnotch in GHz is corresponding the rejected 

frequency and L in mm represents the overall resonator 

conductor. 

      
(a)                                         (b) 

 
(c) 

Fig. 8. The structure of proposed notched band antenna: (a) Top layer, 

(b) bottom layer, and (c) resonator conductor dimensions. 

 
(a) 

 
(b) 

Fig. 9. The proposed antenna: (a) Variation of return loss |S11| against 

conductor length and (b) Focus on rejected frequencies. 
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Fig. 10. The rejected frequency versus resonator conductor length. 

To explain the effect of resonator conductors on the 

passband and how the rejected band is realized, simulated 

current distribution at the first rejected band frequency 

(Fnotch=5.09GHz, L=21.8mm) is described in Fig. 11. At 

this frequency, the current distribution is around the 

edges of resonator conductors and nearly no current is 

distributed around the antenna. Since, the resonator 

conductor length controls the rejected frequency, seven 

PIN diodes (D1 to D7), Fig. 10 can be used to control the 

variation of resonator conductor length, where the 

ON/OFF states for diodes are controlled by a diodes 

switch matrix box (USB-8SPDT-A18) that operates over 

a wide frequency band from DC to 18 GHz. 

Table І illustrates the states for diodes, resonator 

conductor length, the corresponding notch frequency, and 

the corresponding return loss |S11| value using CST and 

HFSS software simulators. The simulated return loss 

results are shown in Fig. 12 (a) and Fig. 12 (b) for each of 

WLAN and Wi-Fi 6E bands. The deviation between the 

two simulators results is due to using two different 

numerical techniques. Simulated results show sharp 

notches with good rejection values at each notch in 

WLAN band or Wi-Fi 6E band. The simulated notched 

antenna gain and efficiency for all stopbands are given in 

Fig. 13 and Fig. 14 showing that gain and efficiency in 

the rejected bands fall to less than 4.5dB and 25%, 

respectievely. Also, notching structures decrease the gain 

within maximum FBW (1.49%) at f=7.03 GHz, Fig.12. 

 
Fig. 11. The Surface current distribution at Fnotch=5.09GHz. 

 
(a) 

 
(b) 

Fig. 12. The proposed antenna simulated return loss |S11| (a) in WLAN 

band; (b) in Wi-Fi 6E band. 
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(a)                                                                                                                (b) 

Fig. 13. The proposed antenna simulated gain and efficiency for WLAN notch states by a) CST b) HFSS. 

    
(a)                                                                                                               (b) 

Fig. 14. The proposed antenna simulated gain and efficiency for Wi-Fi 6E notch states by a) CST b) HFSS. 

TABLE I: DIODES GROUP STATES AND ITS CORRESPONDING NOTCH FREQUENCY IN WLAN BAND (5.15–5.35GHZ & 5.725-5.825GHZ) AND WI-FI 6E 

BAND (5.925 -7.125GHZ). 

WLAN Notches (5.15–5.35GHz & 5.725-5.825GHz) 

Notch 

number 

Resonator 

conductor 

length (mm) 

D1 D2 D3 D4 D5 D6 D7 

CST Results HFSS Results 

F_notch

(GHz) 
S11(dB) 

F_notch

(GHz) 
S11(dB) 

1st notch 21.8 ON ON ON ON ON ON ON 5.09 -3 5.1 -3.16 

2nd
 

notch 21.3 OFF ON ON ON ON ON ON 5.22 -2.64 5.2 -3 

3rd notch 19.5 OFF OFF ON ON ON ON ON 5.75 -2.06 5.8 -2.65 

4th
 

notch 19.25 OFF OFF OFF ON ON ON ON 5.85 -2.04 5.9 -2.64 

Wi-Fi 6E Notches (5.925 -7.125GHz) 

1st notch 19 OFF OFF OFF OFF ON ON ON 5.93 -1.98 5.92 -2.46 

2nd
 

notch 17.9 OFF OFF OFF OFF OFF ON ON 6.33 -1.91 6.4 -2.26 

3rd notch 16.8 OFF OFF OFF OFF OFF OFF ON 6.8 -2.09 6.8 -3.31 

4th
 

notch 16.3 OFF OFF OFF OFF OFF OFF OFF 7.03 -2.29 7.1 -2.54 

 

 
Fig. 15. Simulated, equivalent circuit model and measured reflection 

coefficient results for wideband antenna. 

V. MEASUREMENT RESULTS AND COMPARISON 

The wideband monopole antenna and proposed 

antenna with switchable band rejections are fabricated 

then measured using the vector network analayzer, Fig. 

15 shows simulated and measured |S11| results for 

wideband antenna without resonator conductor showing a 

small difference in measured results due to fabrication 

tolerance and SMA connector mismatch. Fig. 16 refers to 

the antenna with two resonator conductors connected to a 

USB RF Switch Matrix (USB-8SPDT-A18) photograph.  

 
Fig. 16. The proposed notched antenna with a diodes switch matrix box 

(USB-8SPDT-A18) photograph. 
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The measured and simulated |S11| for the proposed 

antenna for first WLAN notch and fourth Wi-Fi 6E notch 

are shown in Fig. 17 (a) and Fig. 17 (b) while Fig. 17 (c) 

show the antenna equivalent circuit model [28] for the 

first WLAN and fourth WiFi-6E notches. The ADS 

results are in good agreement with HFSS/CST simulator 

results with average deviation ±3.7dB within the 

operating bandwidth. Due to the unavailability of 

measurement facilities of the radiation pattern, the two 

different simulators CST and HFSS are used to give the 

radiation pattern analysis, where CST software is based 

on FIT method (finite integral technique) while HFSS 

uses FEM (finite element method). The simulated 

radiation patterns for E and H- planes for 1st notch and 4th 

notch in WLAN and WiFi 6E band, respectievely are 

illustrated in Fig. 18 showing that no radiation at these 

frequencies. Finally, a comparison between the existing 

literature of the antenna and the proposed antenna is 

listed in Table ІІ. 

    
(a)                                                                                                                 (b) 

   
(c)                                                                                                                                (d) 

Fig. 17. Simulated, equivalent circuit model and measured reflection coefficient results for: (a) first WLAN notch (5.1GHz) and (b) fourth Wi-Fi 6E 

notch (7.02GHz). And the proposed antenna equivalent circuit model for: (c) WLAN notch (F=5.1GHz); (d) Wi-Fi 6E notch (F=7GHz). 

TABLE ІI: COMPARISON OF THE PROPOSED NOTCHED ANTENNA WITH EXISTING ANTENNAS IN THE LITERATURE 

Ref. 
Antenna Size 

(mm2) 

Substrate  

(εr, h in mm) 

Bandwidth 

(GHz) 

Notch frequencies or notch bands 

(GHz) 

Reconfigurable 

Notch 

 Max Gain 

(dBi) 

[2] 2026  FR4- εr=4.4, h=1.6 2.4-10.5 3.2-3.9, 5.1-5.85  No 7 

[7] 11.514.5 FR4- εr=4.4, h=1.5 2.2-14 3.4-3.7, 5.2-5.8 No 4.1 

[8] 2627 FR4- εr=4.4, h=1.6 2.19-13.95 4.67-6.21 No 5 

[10] 2412 
RT/Duroid 5880- εr=2.2, 

h=0.787 
3.1-11 3.5, 5.5 No 4.1 

[12] 3140 
Roger 3010-εr =10.2, h = 

0.635 
3 -10.28 4.5-5.38 No 6.2 

[13] 2533 εr =2.2, 1.14 3.04 – 11.31 3.37- 3.80, 4.26 -5.85 ,7.25 -8.81 No 6 

[14] 2436 
RO4003TM-εr =3.38, h = 

1.524 
3-12 5.15-5.825, 5.15–5.35, 5.725–5.825 No 5 

[15] 2430 FR4 -εr =4.4, h =1 2.6-12 3.3–4, 5.15–5.4, 5.8–6.1 No 5.5 

[16] 2412 
RT/Duroid 5880-εr =2.2, 

0.787 
3.1-11 3.5, 5.5  Yes 3.5 

[17] 3321 FR4-εr =4.3, h =1.6 3-10.6 3.3-3.7, 5-5.30 Yes 6 

[19] 3535 
RT/Duroid 5880- εr =2.2, h 

=1.575 
3.1-12 3.8, 5.7 Yes 5.5 

[20] 4855 FR4-εr =4.4, h =1.5 1.9-12 3.8, 5.5 Yes 
Not 

mentioned 

[21] 3040 
Rogers (RO4350B) -εr 

=3.66, h =0.76 
2-8 3, 6.8 Yes 6.8 

[22] 4652 FR4-εr =4.4, h =1.6 2.2-8.4 
3.42 - 3.82, 5.17- 6.07, 6.89 -7.48 

(OFF-OFF State) 
Yes 4.5 

[23] 2430.5 RO4003C-εr =3.38, h =1.5 2.5-10.5 3.5 and in between 5.45-5.9 Yes 5 

Proposed 

Work 
2528 

RO4003C-εr =3.38, h = 

0.81 
4.2-9.2 

In between (5.15-5.35) or (5.725-

5.825) or (5.925-7.125) 
Yes 4 
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Fig. 18. Simulated radiation patterns for the notched antenna. 

VI. CONCLUSION 

In this paper, a compact monopole antenna with 

switchable WLAN or Wi-Fi 6E band-notched is 

presented. By adding two resonator conductors beside to 

the basic antenna feeder, the unwanted frequency can be 

rejected based on the conductor resonator length. A group 

of PIN diodes are used to control resonator conductor 

length, where the ON/OFF states for the diodes are 

controlled by a diodes switch matrix box. The CST and 

HFSS simulations results are in a good agreement with 

measurement results, where a small deviation is presented 

that due to fabrication tolerance and mismatch in SMA 

connectors. Also, the design of the proposed antenna is 

compact and suitable for C-band applications with no 

interferences by Wi-Fi 6E or WLAN services. 
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