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Abstract: This work presents a small reconfigurable UWB (Ultra-Wide-Band) antenna with 

quad-band notches that may be used for multi-notching bands and anti-interference. It 

consists of a semi-circle engraved stepped-cut monopole antenna with two bevels. The slotted 

ground is also provided with two bevels to get enhanced bandwidth, from 3.1 to 11.67 GHz 

(116%). The two bevels also aid in achieving impedance matching, particularly over 9.9 

GHz. To get notch characteristics covering the 5G band in 3.40-3.70 GHz (n78) and 4.84-

5.70 GHz (n46), the patch is provided with L-shaped and Ladder-shaped stubs of quarter 

wavelength. A band-notch function is obtained at 3.88-4.32 GHz (n77, C-band), 7.10-7.61 

GHz (X-band satellite downlink), and 8.04-8.68 GHz (ITU-8 GHz) by incorporating a half 

wavelength C-shaped slot, an I-shaped stub on the patch, and two RSRRs close to microstrip 

feed-line. The suggested antenna has eight PIN diodes that regulate several operating modes, 

allowing it to accomplish single/double/triple/quadruple band-notch characteristics. The size 

of the patch is 0.25λ x 0.37λ mm
2
 and printed on Rogers RT/duroid-5880 substrate. The 

simulated, measured, and equivalent circuit results match well with each other. It offers a 

stable gain and acceptable radiation pattern throughout the UWB band except for notch 

bands. 

Keywords: Reconfigurable, UWB antenna, band notch, PIN diode, Rectangular Split Ring 

Resonators (RSRRs), 5G Sub-6 GHz bands. 

 

1. Introduction 

In 2002, the Federal Communications Commission (FCC) declared 3.1–10.6 GHz, the 

frequency range used by UWB technology, to be an unlicensed spectrum for radio 

transmission, with a radiated power of maximum value 41.3 dBm/MHz and an information 

throughput of 110-200 Mbps across a 10-meter distance [1,2]. The UWB antennas have 

recently become the most often utilized antennas due to various appealing properties i.e., low 

cost, lightweight, and low profile. It is utilized in various applications, including short-range 

high data rate wideband communication, satellite, cognitive radio, radar sensing, aircraft, and 
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body area networking [3]. A very low transmission power level is permitted by FCC for 

UWB systems, due to narrowband communications i.e., Wi-Max, C-band, WLAN, and 5G 

Sub 6 GHz band applications [4]. A band-reject filter is used to mitigate the narrowband 

interference in UWB systems. However, it will raise the system's size, cost, and complexity. 

So, band-notch technique is preferable to prevent interference in a UWB antenna [5-7].  

UWB antennas employing single [8-10], dual [11-13], or triple [14-15] band rejection 

capabilities have been described to avoid possible interference. Recently, there have been 

descriptions of UWB antennas with four or more notch bands [16-17]. When an antenna is 

excited for radiation, all signals excluding notched bands will radiate. However, selective 

control of radiation in notched bands is not possible. To achieve this selective control or 

efficient use of the UWB spectrum, an antenna with one or more notched band characteristics 

must be designed to allow controlled operation using electrical switching that alters the 

current distribution in the OFF-ON mode.  A variety of switch types as RF-MEMS (Micro-

Electro-Mechanical System), optical switches, PIN diodes, varactors, FETs (Field-effect 

transistors), and so on are utilized for achieving reconfigurability [18-32]. According to [21], 

an improved radiating stub with two protruding arrow-shaped strips can have a PIN diode 

across it to create a reconfigurable single band-notched feature for WLAN (5–6 GHz). In 

[22], a single reconfigurable notch band (3.5–4.95 GHz), including C-band and Wi-MAX, is 

accomplished by placing a switch across the poles of the G-shaped ring radiator. 

Nevertheless, in the UWB frequency range, a single-notch band with reconfigurability is not 

enough to eliminate the interference. An elliptical SRR with two PIN diodes and a PIN diode 

positioned in two strips having a T-shape makes up the reconfigurable antenna at 3.3–3.85 

GHz and 5.1–6.0 GHz described in [23]. A circular ring radiator with a T-shaped stub and a 

semi-circular parasitic strip coupled by PIN diodes in [24] offers reconfigurable dual-band 

notch features. In order to notch the interfering frequencies at 3.30–3.60 GHz, 5.725–5.825 

GHz, and 3.70–4.20 GHz, a reconfigurable antenna contains three notch bands with two stubs 

and a slot is provided between the radiator and feed line as suggested in [25]. As stated in 

[26], a rectangular patch that may be reconfigured using three PIN diodes has two arms of C-

shaped along the patch sides and a slot of H-shape on its surface to notch triple bands. A 

feed-line using a U-shaped slot, two SRRs near to feed-line, a ring resonator, and a patch 

with few T-like resonators are described in [27]. This structure employs five different 

switches to enable reconfigurable design with quadruple notches at 3.5, 5.3, 5.8, and 7.4 

GHz. The proposed reconfigurable multi-band-notched antenna is designed to function across 

a wide range of frequencies, including UWB, as well as single, dual, triple, and quadruple-
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band notches. The compact design of the antenna allows it to effectively reject common 

interfering 5G Sub-6 GHz bands such as n78 (3.40-3.70 GHz), n46 (4.84-5.70 GHz), and n77 

(3.88-4.32 GHz), employing distinct switching conditions. Additionally, it provides notches 

for interfering bands like ITU-8 GHz (8.04-8.68 GHz) and X-band downlink (7.10-7.61 

GHz). These frequency bands are crucial for widespread deployment in both urban and rural 

settings due to their capacity and coverage balance. The antenna's performance has been 

validated through measurements, simulations, and equivalent circuit analysis, indicating its 

effectiveness. Apart from the notch bands, the antenna maintains consistent gain and 

radiation efficiency, with peak values of 4.26 dBi and 86%, respectively, across the 3.15-

11.88 GHz range. This suggests that a variety of UWB applications, resilient to interference 

from neighboring RF systems, can be supported by the antenna. An equivalent circuit model 

analysis, which depicts the operation of notched bands according to circuit theory, is 

investigated to analyze the aforementioned antennas [34-36].  

The suggested reconfigurable antenna has two bevels on the partially slotted ground 

and two bevels in the bottom edge of the stepped cut patch, showing increased impedance 

bandwidth from 3.1-11.67 GHz (116%). The structure consists of two RSRRs across the 

microstrip feed line, three stubs, and a slot in the patch, all of which are controlled by PIN 

diodes. The antenna has numerous operation modes with notch states in single, dual, triple, 

and quadruple bands for different interference scenarios. These modes are realized by 

switching PIN diodes, managed by appropriate biasing. Section 2 of the paper discussed the 

analysis and design components of the suggested antenna. The parametric analysis of notch 

bands is examined in Section 3. PIN diode-based control mechanism is covered in Section 4. 

The simulated results are discussed and verified with measured results in Section 5. 

 

2. Antenna design and analysis 

2.1. Design and Geometry of the Antenna 

The suggested antenna is fabricated with the design shown in Fig. 1(a), with an 18.5 × 29.5 

mm
2
 Rogers RT/duroid5880 substrate, 2.2 relative permittivity, 0.762 mm thickness, and a 

0.0009 loss tangent. It is supplied via a 50 Ω feed line with optimal dimensions of Wf X Lf. A 

stepwise analysis is conducted to understand how the antenna with notched bands evolved, as 

Fig. 2 illustrates. The fundamental antenna structure is depicted in Fig.2(a), which comprises 

a rectangular patch with an engraved semicircle and a partial ground that minimizes the area 

of the patch. To improve the S11 bandwidth, two bevels are inserted in the ground and 

radiator as depicted in Fig.2(b), which is controllable by varying the bevels' dimensions. This 
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increases the S11 bandwidth beyond 9.30 GHz and covers the span of 3.1-11.67 GHz (116%), 

which is useful for a variety of wireless applications. Currently, a lot of wireless services 

operating in the above frequency spectrum interfere with one another and must be eliminated 

by modifying the antenna. As shown in Figs. 2(c) to 2(g), the antenna can be modified by 

either etching slots or inserting a stub. 

The antenna, as depicted in Figs. 1(a) and 1(b), has a radiator-like front view and a 

ground-like rear view, respectively. To achieve notch characteristics in 3.30–3.68 GHz 

(fNotch=3.5 GHz) and 5.15–5.82 GHz (fNotch=5.5 GHz) bands, quarter-wavelength L- and 

ladder-shaped stubs are placed in the radiating patch's rhombic-shaped slot. A pair of RSRRs 

near the microstrip feedline, an I-shaped stub, and a C-shaped slot of half wavelengths are 

used to achieve notch bands with high band rejection (VSWR > 16) at 8.14–8.83 GHz 

(fNotch=8.5 GHz), 7.25–7.75 GHz (fNotch=7.5 GHz), and 3.80 – 4.40 GHz (fNotch=4.1 GHz) 

respectively.  

Several factors are taken into account while optimizing the suggested antenna, 

including radiation patterns, band rejection level, antenna bandwidth, and bandwidth of the 

notch bands. The CST simulator tool optimizes the suggested antenna's dimensions, as 

indicated in Table 1. The distinct notched bands are controlled by PIN diodes (Skyworks 

SMP1320-079LF), which yield reconfigurability. Eight PIN switches are incorporated to get 

the necessary reconfigurable characteristics of the suggested design, as shown in Fig. 1(c).  

       

2.2 Design of Notch Elements 

A notch element is made to be roughly half of its wavelength (λg/2) in length at fNotch 

(center frequency of notch band). It will resonate at fNotch, forcing the current to flow in the 

opposite direction on both sides of the slot, making it impossible to emit or receive EM 

waves in the notch band. The following formulas can be used to empirically estimate the 

overall length of the suggested notch-band (band-stop) elements [34]. 
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where c, λ0, λg, and εreff represent free space EM wave speed, free space wavelength, guided 

wavelength, and dielectric constant of the substrate, respectively. The band-stop element's 

fractional bandwidth (FBW) and notch frequency (fNotch) may be expressed as follows, with 

input impedance decreasing to 1/√2 of the maximum level. 

1

2
Notch

eq eq

f
L C

            (4) 

2 1 1

Notch

f f
FBW

f Q


           (5) 

where Q, Leq, and Ceq stand for the recommended equivalent circuit's quality factor, 

capacitance, and inductance, respectively. 

To obtain the suggested antenna’s structure the seven design stages are described in 

Fig. 2. Initially, Fig. 2(a) shows the enhanced UWB antenna-2 and the partial UWB antenna-

1. The 5G Sub-6 GHz spectrum from 5.15 to 5.82 GHz is eliminated as a result of an L-

shaped open stub of a quarter wavelength, as depicted in Fig. 2(c). Ln46 = L1+L2 = 12.80 mm 

is the length of the L-shaped stub. A ladder-shaped band rejection element of quarter 

wavelength is attached to the L-shaped stub as depicted in Fig. 2(d) to provide a reasonably 

acute and precise notched n78-5G band from 3.30–3.68 GHz. Ln78 = 31.10 mm is the n78 

band notch element length. Fig. 2(e) shows that a C-shaped slot is inserted to eliminate the 

n77-5G band (3.80–4.40 GHz). It has a length of Ln77 = 2(L11+L12) = 30.8 mm.  As depicted 

in Fig. 2(g), two RSRR band stop filters are positioned across the feed line to generate a 

relatively wide stopband for the frequency range of 8.14 to 8.83 GHz (ITU-8 GHz). 

Similarly, an I-shaped stub is used as indicated in Fig. 2(f) to suppress the band 7.25 to 7.75 

GHz. The I-shaped and RSRRs band-stop filter has the following lengths: LITU = 

2*(L16+L17)-a = 15.6 mm and LX = 2(L13-2g2) + 2(L14-3g2) + 2L15 = 18.20 mm, respectively. 

               The comparison of the reflection coefficients [S11] for different stages of the 

suggested antenna is illustrated in Fig. 3. Antenna-1 covers a partial UWB spectrum of 3.27-

9.30 GHz, whereas antenna 2 covers the UWB band with an improved bandwidth of 3.1-

11.67 GHz as shown in Fig. 3(a). Single, dual, triple, and quadruple notch bands are 

displayed in subsequent antenna stages, accordingly as depicted in Fig. 3(b). Antenna-2 

displays an excellent impedance match across the operating band with VSWR < 2, whereas 

other antenna designs show significant notch characteristics with VSWR > 16 as depicted in 

Fig. 4. 
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3. Parametric analysis of notch bands 

The antenna performance analysis that uses notch structure parameters is shown in Fig. 5. A 

full-wave EM solver is used to optimize and examine the suggested antenna’s parameters. It 

confirms equation (2) as any variation in slot or stub length while maintaining other 

dimensions fix, shifts the center frequency inversely. The current path will also be extended 

in conjunction with the increase in slot length. As a result, as Table 2 summarises, it is 

possible to control each notch band independently by modifying the slot's or stub's length, 

breadth, and placement without affecting the other notch bands. 

       

4. Reconfigurable characteristics 

The bias circuit modifies the antenna's current distribution and enables reconfigurability by 

controlling the ON-OFF positions of diodes at various slots [19]. The suggested bias circuit 

as shown in Fig. 1(d) connects terminals A1 and A2 over an L-shaped stub, terminals B1 and 

B2 across a Ladder-shaped stub, terminals C1-C2 and G1-G2 via a C-shaped slot, terminals 

D1-D2 and H1-H2 across an I-shaped stub, and terminals E1-E2 and F1-F2 across an RSRR. 

The direct current (DC) power supply is isolated by the capacitor (C=22 pF with part no. 

VJ0603A220JXAAC), which also keeps DC power from influencing the suggested antenna's 

radiation. The RF signal is suppressed using the inductance (L=68 nH with part no. 

LQG15WZ68NH02D) in order to avoid the DC power supply becoming unstable due to input 

signal. To safeguard the device and restrict the amount of current passing through the diode, a 

resistor (R=220 Ohm with part no. CRCW0201220RFNED) is utilized. The reconfigurability 

of the antenna is accomplished by managing diode states by connecting various 

configurations of the eight +ve polarity to the -ve polarity of the DC supply. By varying the 

PIN diodes' state, the quadruple-notch bands may be separately controlled to conduct the 

antenna's operation modes under different interference scenarios, as described in Table 3. 

 

5. Validation and discussion of simulated with experimental results 

The suggested novel reconfigurable antenna is verified by fabricating and measuring a 

prototype, which is depicted in Fig. 6(a, b) for the top and bottom layers. A Network 

Analyzer Keysight M9808A is used to measure reflection coefficients, and an anechoic 

chamber as shown in Fig. 6(d) is used to measure all radiation characteristics, including gain, 

efficiency, and radiation patterns.  
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5.1 Reflection Coefficient Measurement 

Fig. 7 illustrates the Reflection Coefficient simulation and measuring results for the different 

switching modes of the suggested antenna. There is a satisfactory agreement between these 

results. The measurement environment, SMA connector losses, PIN diode model, and 

fabrication process are all responsible for the little variations in measured results. 

 Fig. 7(e) indicates that the ON states of PIN diodes D3, D4, D7, and D8 (Mode-11) 

cover the whole UWB band (3.15-11.88 GHz), which causes the current concentration across 

the relevant notch element to disappear. For all diodes in the ON state (Mode-10), dual notch 

bands are created to prevent interference due to (3.55-3.90 GHz, 5G-n78 band) and (7.93-

8.95 GHz, ITU-8 GHz) bands. Two PIN diodes (D1 and D2), along with the ON states of 

PIN diodes D3, D4, D7, and D8, are what control how the suggested reconfigurable antenna 

operates in notch bands 4.84-5.70 GHz and 3.34-3.75 GHz, as indicated in Fig. 7(a). It 

displays a notch in the 5G-n46 band when D1 is ON (Mode-1), and a notch in the 5G-n78 

band when D1, and D2 are in the ON state (Mode-2). It is also noted that when PIN diodes 

D3 (Mode-3), D4 (Mode-4), and D5 (Mode-5) are in the ON condition, the antenna offers a 

single notch band in (3.93-4.51 GHz, C band), (7.14-7.59 GHz, X-band satcom), and (7.85-

8.70 GHz, ITU-8 GHz band) respectively as illustrated in Fig. 7(b). Also, it provides a dual 

notch when PIN diodes D1, D2, and D3 are turned on in Mode-6, as depicted in Fig. 7(c). For 

3.30–4.20 GHz and 7.10–7.80 GHz, the antenna further implements a dual notch for the ON 

state of PIN diodes D3 and D4 (Mode-7). As depicted in Fig. 7(d), it may block triple 

interference signals at 3.22-3.55 GHz, 3.75-4.28 GHz, and 7.30-7.86 GHz in Mode-8. 

Similarly, to generate the quadruple notch bands (Mode-9) at 3.40-3.70 GHz, 3.88-4.32 GHz, 

7.10-7.61 GHz, and 8.04-8.68 GHz bands, PIN diodes D5 and D6 are turned on in 

conjunction with Mode-8. 

  

5.2 Analysis of surface current distribution 

One may evaluate the effect of the notching structure by examining the antenna's surface 

current distribution. It explains how slots and stubs are used to introduce notch bands. Fig. 8 

shows the current distributions at five distinct notched frequencies (3.5, 5.5, 4.1, 7.5, and 8.5 

GHz) to help comprehend the working concept underlying this quadruple band-notched 

performance. The antenna's band-notching characteristic is caused by significant impedance 

mismatches at the resonant frequencies, which are caused by the currents being mostly 

centered at these frequencies surrounding the slot resonators. 
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5.3 Radiation Pattern 

In two main planes (yz and xz), the radiation patterns of simulated and measured co and 

cross-polarizations at different pass-band frequencies 3.7 GHz, 6.4 GHz, 9.5 GHz, and 11.0 

GHz are displayed in Fig. 9. It demonstrates that in the E-plane (yz-plane), the antenna can 

retain its bidirectional `8' shape radiation, and in the H-plane (yz-plane), it can maintain its 

omnidirectional behaviour. Because the region of radiation grows with frequency, the cross-

polarization increases with frequency and is less at lower frequencies. Higher-order modes 

are created at higher frequencies, which disturbs the phase distribution and degrades the 

radiation pattern of the antenna. Fig. 9 illustrates that the results obtained with cross-

polarization are about 20 dB lower than those obtained with co-polarization. 

 

5.4 Gain, Efficiency, and Group Delay 

The radiation efficiency and overall gain both reach a maximum of 86% and 4.26 dBi, 

respectively, as indicated in Fig. 10(a). At notch band frequencies, there is a noticeable loss 

in gain and efficiency, confirming that the antenna does not transmit in these quadruple-

notched bands. The measured radiation efficiencies are only 26%, 33%, 31%, and 34% at 3.5, 

4.1, 7.5, and 8.5 GHz, respectively. The key component of time domain analysis used to 

quantify distortion is group delay [28]. By positioning two antennas 30 cm apart and facing 

each other, a uniform group delay response is obtained as depicted in Fig.10(b), except notch 

bands. It demonstrates that in the four intended notch bands, the variation in group delay is 

more than 1 ns.  

         A comparison of the suggested antenna and previously published work is presented in 

Table 4. It illustrates that the antenna has a small size with multimode reconfigurable 

quadruple band notch functions. 

 

5.5 Analysis of Input impedance and equivalent circuit model  

Due to the complexity and compactness of UWB antenna configurations, it is challenging to 

comprehend the explanation of antenna circuit theory without corresponding circuit analysis. 

By taking into account the simulated impedance characteristic of the suggested antenna, a 

recommended equivalent circuit model (ECM) is produced. The impedance characteristic of 

the suggested antenna, which originated from the CST simulation, is shown in Figs. 11(d, e). 

The analysis is then performed by creating an ECM model. The corresponding circuit without 

notched bands is depicted in Fig.11(a) as a sequence of linked parallel RLC circuits [34]. The 

complex form of the input impedance (ZLa) of a UWB antenna is represented as: 
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The antenna’s input impedance graph without notches is depicted in Fig.11(d). As expected, 

the imaginary value of impedance is 0 Ω, while the real value is around 50 Ω, to facilitate 

better matching. An equivalent circuit analysis is performed for the interfering bands (5G- 

n78/n77/X/ITU-8 GHz band) using the input impedance shown in Fig. 11(e). A high 

mismatch condition must be met to eliminate interfering bands. The proposed antenna, 

featuring a single notch band for the n77 band of 5G sub-6 GHz at 3.5 GHz, displays a series 

resonance characteristic in its imaginary component curve. This occurs as the imaginary 

impedance transitions from negative to positive values, while the real part consistently hovers 

around 22 Ω. Consequently, the antenna's radiation performance diminishes at this frequency 

due to impedance mismatching. Similarly, the imaginary curve exhibits a series resonance 

characteristic at the center frequencies of 4.5 GHz and 8.5 GHz, with real impedance values 

close to 16 Ω and 6 Ω, respectively. Additionally, the real portion peaks at around 210 Ω at 

7.50 GHz. A feature of parallel resonance is noticeable in the imaginary component curve for 

X-band satellite downlink communication. At this frequency, the antenna's radiation 

effectiveness is compromised due to the parallel resonant phenomenon opening the input 

terminal. Emphasis is placed on understanding input impedance throughout the study, with 

subsequent simulation of the relevant circuit model using CST Design Studio. Adjusting 

component values and configurations within the circuit simulation software allows for 

iterative refinement of the antenna design to meet specific performance requirements and 

optimize its functionality for its intended applications. As illustrated in Fig. 11(b), the 

suggested antenna's ECM model has two series RLCs coupled to a series RLC via a parallel 

RLC circuit. Moreover, it has a parallel connection to a series of resonance impedances (ZLa). 

The following formulas are used to calculate all relevant parameters [35]. 

1
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where the corresponding resonance frequencies for the series and parallel equivalent 

circuits are ωs = 2πfs & ωp = 2πfp. The bandwidth for series and parallel, as determined by 

the simulated curve, is represented as BWs and BWp. Additionally, from Fig. 11(e) of the 

quadruple notched band antenna, Rsn and Rpn (n = 1, 2, 3, 4...) are noted. The input is shorted 

as a result of the series components (Rs1, Ls1, Cs1), (Rs2, Ls2, Cs2), and (Rs4, Ls4, Cs4) 

resonating at 3.5, 4.5, and 8.5 GHz, respectively. In addition, an open characteristic for the 

input is produced by the 7.5 GHz parallel components Rp3, Lp3, and Cp3. As a result, the 

antenna is unable to radiate at the rejected bands. Additionally, a comparison is made 

between the simulated, measured, and ECM model’s reflection coefficient curve of the 

suggested antenna, as illustrated in Fig. 11(f). Table 5 lists the optimized parameters of the 

ECM model. 

 

5.6 Limitations of the Proposed Work 

The incorporation of p-i-n diodes for achieving reconfigurability introduces parasitic 

characteristics that can compromise antenna performance. Specifically, these diodes, when 

directly linked to the radiators through biasing elements, can distort the radiation pattern and 

decrease RF isolation while increasing interference. In this paper, these adverse effects are 

reduced by using a biasing circuit having small and very narrow high-impedance biasing 

lines. The RF isolation is also improved by RF choke/high-value resistor, and putting them 

away from the near-field of the radiating part. A combination of RF choke and DC blocking 

capacitor is also used which creates strong isolation between the RF and DC bypassing.  

The proposed frequency reconfigurable antenna provides flexibility and adaptability 

for wireless communication applications. However, its implementation introduces challenges 

such as increased complexity, larger size, bandwidth limitations, and higher power 

consumption. To address these challenges, future studies may investigate alternative 

strategies, such as the use of advanced materials and employing active control algorithms 

with feedback mechanisms for switch configurations.  

 

6. Conclusion 

The suggested reconfigurable multi-band-notched antenna can operate in UWB as well as 

single, dual, triple, and quadruple-band notches. It might improve spectrum use and reduce 

interference from narrowband transmissions, including measured notch bands of 3.40-3.70 

GHz (n78), 4.84-5.70 GHz (n46), 3.88-4.32 GHz (n77), 7.10-7.61 GHz (X-band downlink 

satellite), and 8.04-8.68 GHz (ITU-8 GHz). In the Rhombic-shaped slot, L-shaped and 
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Ladder-shaped stubs are placed to obtain notch characteristics in the 5G Sub-6 GHz bands 

n46 and n78, and for the n77, X, and ITU-8 GHz band, a C-shaped slot, an I-shaped stub, and 

two RSRRs are utilized. The PIN diodes embedded into the slots and stubs are used to 

electrically reconfigure the band-notched behavior. The suggested antenna exhibits good 

consistency between measured, simulated, and equivalent circuit results. It suggests that the 

antenna may be used for a variety of UWB applications that are resistant to interference from 

nearby RF systems. Furthermore, the antenna exhibits excellent omnidirectional (in xz-plane) 

and dipole-like (in yz-plane) radiation patterns. It offers an approximate uniform gain and 

radiation efficiency with an optimal value of 4.26 dBi and 86%, respectively, across 3.15-

11.88 GHz, except the notch bands. According to all of these findings, the suggested antenna 

may be utilized in multifunctional, interference-free UWB systems. 
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(c) Schematic diagram with reconfigurability     (d) Biasing circuit for PIN diodes 

Figure 1. Suggested antenna’s geometrical structure 

     

   
(a) Antenna-1 with partial 

UWB bandwidth 

(b) Antenna-2 with UWB 

bandwidth 

(c) Antenna-3 with single 

notch band (n46) 

 

  
(d) Antenna-4 with single notch band (n78) (e) Antenna-5 with dual notch band  

(n78, n77) 
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(f) Antenna-6 with triple notch band (g) Suggested Antenna 

Figure 2. Step-by-step evolution of the multi-notch band antenna 

 

  
 

   

               (a) Antenna-1, 2                                (b) Antenna-3,4,5,6, suggested antenna 

Figure 3. Reflection coefficient plot of design steps 
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 Figure 4. VSWR plot of suggested antenna 
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                                      (c)                                                                       (d) 

   

                                     (e)                                                                        (f)   

Figure 5. Parametric Variation in (a) L1 (b) Ln78 (c) L1, L2 (d) g2 (e) L16, L17 and (f) gf, S1 
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(a)                                                                          (b) 

               

       

(c)                                                                     (d) 

Figure 6. Fabricated antenna (a) Top view, (b) Rear view, (c) Circuitry for reconfiguration  

               biasing, and (d) Antenna setup in an anechoic chamber                                                            
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                                   (a) Mode-1, 2                                                 (b) Mode-3, 4, 5 

  

                                (c) Mode-6, 7                                                 (d) Mode-8, 9 

 

(e) Mode-10,11 

Figure 7. PIN diodes' switching circumstances, Reflection coefficient [S11] curve with various  

               operating modes 
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      (a) 5.5 GHz         (b) 3.5 GHz    (c) 4.1 GHz         (d) 7.5 GHz         (e) 8.5 GHz     

Figure 8. Surface current at different notched frequencies 

 

           

      

(a) 3.7 GHz 

      

(b) 6.4 GHz      
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(c) 9.5 GHz           

             

(d) 11 GHz 

Figure 9. Simulated and measured radiation patterns at different pass-band frequencies. 

 

    

            (a) Gain and radiation efficiency                                         (b) Group delay 

Figure 10. Simulated and measured results 
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         (a) ECM model with no notch band            (b) ECM model with quad notch bands 

 

  

     (c) CST design studio ECM model              (d) Impedance curve with no notch band 

 

   

(e) Impedance curve with quad notch bands           (f) Simulated, measured and ECM model’s  

                                                                                       reflection coefficient [S11] 

Figure 11.  ECM model, Simulated, and Measured results                                                 
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Table 1. The specified antenna’s optimized dimensions 

Parameters Ws Ls Wp Lp Wf Lf S0 S1 S2 bw1 bl1 L1 L2 L3 

Unit (mm) 18.5 29.5 18 13.

5 

2.2 6.8 1.49 0.4 0.85 4.2 1.8 5.2 7.6 0.5 

Parameters L4 L5 L6 g0 g1 g2 L7 L8 L9 r1 r2 Wg L10 L11 

Unit (mm) 8.1 1.7 2.3 0.4 0.4 0.4 1.4 1.6 2.2 7 8.49 18.

5 

2 10.6 

Parameters L12 L13 Lg Wg

c 

Lgc bw2 bl2 S3 S4 S5 L14 L15 L16 L17 

Unit (mm) 4.8 6.8 6 2.6 2.91 1.8 2.2 5.8 1.6 2 2.6 1.7 4.2 3.8 

 

 

Table 2. Parametric analysis of notch structures 

SN Band Notch 

Structure (BW) 

Parameter 

variation 

Bandwidth 

variation 

Optimized 

Value 

(mm) 

VSWR 

at fNotch 

1.  

L-shaped stub 

(5.15-5.82 GHz) 

L1 (4.6 to 5.8 mm), 0.4 step 

size at L2 = 4.7 mm 

(5.63–6.07 GHz) to 

(4.86–5.41 GHz) 

L1 = 5.4 27.30 

at 5.5 GHz 

L2 (4.3 to 5.5 mm), 0.4 step 

size at L1 = 5.4 mm 

(5.82 – 6.30 GHz) to 

(5.10–5.64 GHz) 

L2 = 4.7  

2. 

 

L- shape-Ladder- 

shaped stub 

(3.30-3.68 GHz) 

Ln78 (28.8 to 30.0 mm), 0.4 

step size at g0=0.4 mm 

(3.51-3.89 GHz) to 

(3.10 – 3.47 GHz) 

Ln78=29.6  16.30 

at 3.5 GHz 

3.  

C-shaped slot 

(3.80-4.40 GHz) 

L11 (11.2 to 12.0 mm), 0.4 

step size at L12 = 4.8 mm 

(4.0–4.73 GHz) to 

(3.76-4.36 GHz) 

L11 = 11.6  31.80 

at 4.1 GHz 

L12 (4.4 to 5.2 mm), 0.4 

step size at L11=11.6 mm 

(3.87–4.53 GHz) to 

(3.82-4.32 GHz) 

L12 = 4.8  

g1 (0.3 to 0.5 mm), 0.1 step 

size 

(3.82-4.37 GHz) to 

(3.89-4.58 GHz) 

g1 = 0.4  

4.  

I-shaped stub 

(7.25-7.75 GHz) 

L13 (6.4 to 7.2 mm), 0.4 

step size at L14= 2.6 mm 

(7.92-8.27 GHz) to 

(6.88-7.15 GHz) 

L13 =6.8  17.80 

at 7.5 GHz 

L14 (2.4 to 2.8 mm), 0.2 

step size at L13 =6.8 mm 

(7.60-7.90 GHz) to  

(7.09-7.33 GHz) 

L14= 2.6  

g2 (0.3 to 0.6 mm), 0.1 step 

size.   

(7.15-7.38 GHz) to 

(7.81-8.22 GHz) 

g2=0.4 

5.  

RSRRs 

(8.14-8.83 GHz) 

LITU (14.4 to 16.8 mm), 0.4 

step size 

(8.36-9.05 GHz) to 

(7.92-8.61 GHz) 

LITU =15.6 

  

25.20 

at 8.5GHz 

gf (0.2 to 0.5 mm), step 

size 0.1 mm at LITU = 15.6 

mm 

(8.0-9.9 GHz) to 

(8.15-8.74 GHz) 

gf = 0.4  

S1 (0.2 to 0.6 mm), 0.2 

step size 

(8.0-8.75 GHz) to 

(8.12-9.33 GHz) 

S1 = 0.4  
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Table 3. Different operating modes and notch frequency bands of the proposed antenna 

Operating 

Mode  

Switch Configuration Notch 

Bands 

Notch band (GHz) 

D 8 D 7 D 6 D 5 D 4 D 3 D 2 D 1  Simulated Measured 

Mode -1 on on off off on on off on Single (5.15–5.82)0 (4.84-5.70)0 

Mode -2 on on off off on on on on Single (3.30–3.68)1 (3.34–3.75)1 

Mode -3 off off off off off on off off Single (3.80–4.40)2 (3.93–4.51)2 

Mode -4 off off off off on off off off Single (7.25–7.75)3 (7.14–7.59)3 

Mode -5 on on on on on on off off Single (8.14–8.83)4 (7.85–8.70)4 

Mode -6 off off off off off on on on Dual (3.30–3.68)1 

(3.80–4.40)2 

(3.24–3.78)1 

(3.97–4.47)2 

Mode -7 off off off off on on off off Dual (3.30–4.20)1 

(7.25–7.75)3 

(3.55–4.26)1 

(7.10–7.80)3 

Mode -8 off off off off on on on on Triple (3.30–3.68)1 

(3.80–4.20)2 

(7.25–7.75)3 

(3.22–3.55)1 

(3.75–4.28)2 

(7.30–7.86)3 

Mode -9 off off on on on on on on Quad (3.30–3.68)1 

(3.80–4.20)2 

(7.25–7.75)3 

(8.14–8.83)4 

(3.40–3.70)1 

(3.88–4.32)2 

(7.10–7.61)3 

(8.04–8.68)4 

Mode -10 on on on on on on on on Dual (3.42-3.67)1 

(8.00-8.82)4 

(3.55-3.90)1 

(7.93-8.95)4 

Mode 11 on on off off on on off off No 

Notch 

(3.10-11.67) 

(Full UBW) 

(3.15-11.88) 

(Full UBW) 

Note: 0- n46 band, 1 – n78 band, 2 -n77, 3 –X-band, and 4 –ITU-8 GHz band 
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Table 4. Comparison between suggested antenna with several existing designs 

Ref. 

No. 

(Year) 

Size 

(mm3) 

Substrate, 

ϵ r 

Impedance 

BW (GHz) 

Switch 

Type 

No. of 

switches 

No. of 

notches 

Notched Bands 

(Frequency range) 

Peak 

Gain 

(dBi) 

[4] 

(2022) 

10 x 28 

x 1.6 

FR4, 4.3 3.1-12.3 PIN 

diode 

3 3 5G-Sub 6(3.4-3.8 GHz) 

5G-Sub 6(3.8-4.9 GHz) 

WLAN (5.10-5.80 GHz) 

- 

[27] 

(2022) 

24 x 24 

x 1.6 

FR4, 4.4 3.1-10.6 Metal 

strip 

5 4 Wi-MAX (3.31-3.65GHz) 

C-band (4.90-5.56 GHz) 

WLAN (5.90-6.40 GHz) 

X-band (7.30-8.50 GHz) 

5.0 

[28] 

(2020) 

33 x 27 

x 0.787 

RT/ 

Duroid 

5880, 2.2 

2.4-12 FET 1 1 WLAN (5.0-6.0 GHz) 4.3 

[29] 

(2020) 

36 x 46 

x 1.6 

FR4, 4.4 3.0-11 PIN 

diode 

4 2 Wi-MAX (3.80-4.20) 

WLAN (5.10-5.80) 
2.0 

[30] 

(2021) 

50 x 60 

x 1.6 

FR4, 4.3 1.86-10.89 PIN 

diode 

3 3 Wi-Fi (2.74-3.94 GHz) 

WLAN (5.44-6.38 GHz) 

X-band (7.54-8.40 GHz) 

5.2 

[31] 

(2023) 

24 x 20 

x 0.787 

FR4, 4.4 2.7-11.4 PIN 

diode 

2 2 S-band (2.85–3.34 GHz) 

WLAN (4.9–5.64 GHz) 
3.2 

[32] 

(2023) 

21.5 x 

48 x 

1.524 

RO4003

C, 3.55 

3.1-11.0 Varactor 4 2 WLAN (5.08 -5.77 GHz) 

X-band (7.75-8.52) 
3.7 

[33] 

(2023) 

36 x 30 

x 0.762 

RT/duroi

d 5880, 

2.2 

2.6-14.0 Varactor 3 2 WLAN (5.58-5.91 GHz) 

C-band (7.02-7.45 GHz) 
2.89 

This 

work 

18.5 x 

29.5 x 

0.762 

RT/duroi

d 5880, 

2.2 

3.1-11.67 PIN 

diode 

8 5 5G-n78 (3.30–3.68 GHz) 

/ 5G-n46 (5.15–5.82 

GHz) 

5G-n77 (3.80 – 4.40 GHz) 

X-band (7.25–7.75 GHz) 

ITU-8 GHz (8.14–8.83 

GHz) 

4.26 

 

 

Table 5. Optimal RLC component value 

Components Value(Ω) Components Value(nH) Components Value(pf) 

Rs1 22 Ls1 10 Cs1 0.20 

Rs2 16 Ls2 5 Cs2 0.30 

Rp3 210 Lp3 0.25 Cp3 1.80 

Rs4 6 Ls4 1.50 Cs4 0.23 
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