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Abstract: This paper presents a new design of a compact microstrip antenna with variable band-notched filtering 

characteristics for super ultra-wideband (UWB) applications such as 5G/IoT networks. More efficient radiation patterns and 

characteristic impedance are accomplished in the proposed structure by producing steps with optimised proper widths and 

angles in the lower edges of the quasi-square patch antenna and by using a new way of changing the ground plane. 

Furthermore, omnidirectional low cross-polarized H-plane radiation patterns are achieved in the frequency range of 3-11 

GHz. Furthermore, its radiation patterns are enhanced between 11 and 14.5 GHz, and its performance is increased, 

particularly with tuning capacitors between 14.5 and 20 GHz. Furthermore, its frequency bandwidth with VSWR 2 ranges 

from 3 GHz to 50 GHz, including 5G networks as well as ultra-wideband (UWB) and super-wideband (SWB) 

communications. A rectangular slot on the patch is utilised to produce an integrated band-notch filter in the structure to 

avoid interference with other wireless systems such as wireless local area networks (WLANs), and this specification may be 

engaged or deactivated by a PIN diode. Furthermore, the centre frequency of the filter can be tuned using only a varactor 

diode or a variable capacitor and/or by changing the position of the capacitors in the frequency range of about 3.5-6 GHz, 

rejecting interference from all WLANs and even their lower and upper bands, and nulls in the radiation patterns can be 

avoided. 

Keywords: Super Ultra-Wideband, 5G. 

I. INTRODUCTION 

Wireless data traffic is expected to expand 10,000 fold during the next 20 years due to increased use of smartphones, 

tablets, new wireless devices, and the Internet of Things (IoT). To address this ever-increasing capacity need and to support 5G 

(5th Generation Networks) requirements more than 10 Gbps peak and edge speeds greater than 100 Mbps for extreme mobile 

broadband (eMBB) applications, a new spectrum beyond sub-6 GHz frequencies is required. Because of the availability of huge 

bandwidths at mmWave frequencies, the 5G requirements for eMBB can be addressed with a simple air interface and high 

dimension phased arrays. mmWave systems must also overcome intrinsic problems like as high penetration loss, increased 

sensitivity to occlusion, and decreased diffraction. The higher frequencies used for 5G enable higher data transmission across 

wider channels, resulting in much lower latency as compared to present levels. The Federal Communications Commission 

(FCC) assigned frequency range 3.1-10.6 GHz for ultra-wideband (UWB) systems in 2002 [1]. Some UWB systems and 

applications have been introduced in references such as [2-7].In addition, on July 14, 2016, the US Federal Communications 

Commission (FCC) enacted new rules for wireless broadband operations above 24 GHz, making the US the first jurisdiction to 
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make this spectrum available for next generation wireless services. The FCC allocated approximately 11 GHz for flexible, 

mobile, and fixed use of wireless broadband, including 7 GHz of unlicensed spectrum from 64 to 71 GHz and 3.85 GHz of 

licenced spectrum designated as a new "upper microwave flexible use" service in three bands: 27.5 to 28.35 GHz, 37 to 38.6 

GHz, and 38.6 to 40 GHz. Table 1 depicts a breakdown of the primary frequencies established for use in 5G networks. FR1 will 

most likely be utilised for initial implementations, with FR2 following. The second graphic shows the FR2 frequency bands of 

importance. The FCC has also released spectrum from 64 GHz to 71 GHz for future use [6-9]. As we know, wireless sensor 

networks such as zigbee, LDWA, LoRa, WWAN, and mobile radio networks such as 2G, 3G, 4G, and the upcoming 5G require 

higher frequency bandwidth, data processing, and machine learning for optimal performance. Furthermore, there are several 

uses and needs for speedier wireless networks, such as reduced response time (40 times faster). 

Table1.Proposed5Gfrequenciesindetails 

Band Frequency(MHz) Type 

FR1 450–6000 Sub-6GHz 

FR2 24250–52600 mm-Wave 

 5G

NR 

Band 

Band

Alias 

(GHz) 

UplinkBan

d 

(GHz) 

DownlinkBa

nd 

(GHz) 

Bandwidth(

GHz) 

 

Type 

 

 n257 28 26.5–29.5 26.5–29.5 3 TDD  

 n258 26 24.25–27.5 24.25–27.5 3.25 TDD  

 n260 39 37–40 37–40 3 TDD  
 

Printed monopole antennas are more commonly used in UWB applications since they meet all essential criteria. Although 

a considerable number of tiny UWB antennas have been constructed in recent years [9- 14], their upper frequencies are less than 

10.6 GHz. Furthermore, their omnidirectional H-plane radiation patterns are confined to 3 to 10 GHz. For example, in [12], a 

novel super-wideband (SWB) antenna with an optimised feed is presented, and its bandwidth is from 1.05 to 32.7 GHz with 

VSWR 2, despite the antenna's partly large size, and the antenna's H-plane radiation pattern in the frequency range is not only 

non-omnidirectional but also has high sensitivity.However, because to their higher power density, many narrowband wireless 

communication systems in the UWB spectrum, such as WLANs (5.15-5.825), can cause interference with other communication 

systems, particularly UWB ones. As a result, UWB systems must be capable of interference rejection, and a traditional solution 

is to add a filter to the system. However, designing a filter increases the system's size, is expensive, and necessitates the use of 

modern optimisation techniques. As a result, designers must experiment with various design methodologies, which is time-

consuming [13, 14].  

A slit in the radiation patch is constructed and employed in this paper to overcome the interference problem, as shown in 

Fig. 1. Some strategies have been researched and used in references [15-17]. These strategies include etching shaped slots in the 

feed line or radiation patch [18, 19], employing rectangular split-ring resonators [20], using parasitic components [7], and so on. 

Nonetheless, in SWB systems such as [12], band-rejection is overlooked. Horizontal surface currents (relative to the x axis) 

flow in the lower border of the radiation patch and are larger than vertical surface currents in a square monopole antenna like 

[11], reducing bandwidth and degrading radiation performance at higher frequencies (especially > 10 GHz). In this study, a 

balance between the components of vertical and horizontal surface currents on the patch is produced for improved performance 

by altering and optimising the antenna construction. In other words, enhanced radiation patterns in the super UWB (SUWB) 

frequency band have been obtained by altering the patch, ground plane, and feed line. By cutting aperture slots. 
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(a) (b) (c) (d) (e) 

 

 

 

 

 

 

(a) (b) 

Figure1.Geometry of the proposed antenna;(a) View of the proposed antenna.(b) 

Top/bottomprototypeoftheproposedantenna. 
 

Unwanted current distributions are reduced on the ground plane, and improved radiation patterns are obtained up to 14 

GHz. Finally, the proposed optimised antenna is modelled using AnsysHFSS software on FR4 and Rogers TMM4 substrates 

before being constructed and measured. The proposed antenna has a bandwidth of 3 to 50 GHz. Radiation patterns are 

omnidirectional from 3 to 11 GHz, and higher radiation pattern performance can be attained between 11 and 14 GHz using 

tuning capacitors and up to 20 GHz with optimisation and modification (for example, a 2 pF tuning capacitor in 15 GHz). 

Furthermore, the centre frequency of the band-notched filter can be changed from 3.5 to 6 GHz by modifying the structural 

shape and/or variable capacitor. 

II. ANTENNA CONFIGURATION AND DESIGN  

The shape of the proposed antenna is depicted in Figure 1. The antenna is planned, simulated, and fabricated on a FR-4 

substrate with dimensions of 30 mm 30 mm, permittivity (r) of 4.4, and thickness (h) = 1.6 mm. Regardless, the antenna is also 

modelled on a Rogers TMM4 substrate for better comparison to low loss dielectric substrates. The design procedure and 

antenna properties are fully explained in this section. W = 30, L = 30, W2 = 30, L2 = 13, W1 = 0.4, Wf = 3.4, Lf = 13.95, Wg = 

2.4, R = 4, S = 9.3, u = 3.93, b = 1.33, n = 7.79, m = 5.07, WP = 16.4, L1 = 7.3). 

Antenna Design and Matching 

The antenna layout and improvement procedure, as well as the VSWR findings of the suggested antennas, are depicted in 

Figs. 2 and 3, respectively. The primary antenna, depicted in Fig. 2(a), has a square-like patch with a straight feed line and a 

defective ground plane. A tiny slot (2 mm 2.2 mm) is drilled into the ground plane to improve impedance matching and 

radiation performance. Because the antenna's shape is comparable to that of a disc microstripe, the lowest frequency of the 

antenna may be determined roughly using Equation (1) [17]: 

 fL = 7.2/((l + r + p) k) GHz (1) 

Figure2.Proposedantennadesigningprocess. 
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Figure3.Simulated results of VSWR for the antenna models. 
 
This can be a decent estimate for the primary design. In Equation (1), k = 1.15, l is the patch's height, p is the air gap between 

the patch and the ground plane, and r is the effective radius of an analogous cylindrical monopole antenna. The bandwidth of the 

primary antenna (antenna a) ranges from 3.4 to 10 GHz with a VSWR of 2. A rectangular slot in the patch's bottom edge can be 

used to balance the components of horizontal and vertical currents [21]. 

In this study, as illustrated in Fig. 2, trapezoidal and triangular pieces are merged in the patch's edges to form the antenna 

construction. As a result, the bandwidth of the second structure in Fig. 1 (antenna b) is extended to 11 GHz. As can be observed 

in Fig. 3, the value of VSWR has decreased. A tapered feed line is replaced by a rectangle one in the third construction (antenna 

c). The latter arrangement can achieve good impedance matching throughout the entire frequency (3 to 50 GHz). In addition, the 

fourth structure (antenna d) is created by carving a rectangular slot on the patch in order to eliminate a typical narrowband 

WLAN signal. Finally, the fifth structure (antenna e) is designed to increase radiation performance and VSWR by constructing 

two circular apertures on the ground plane. Subsections 2.2 and 2.3 have been expanded to provide a more detailed explanation 

and details of the final antennas (d and e). 

Band-Notched Characteristics ofthe Antenna 

Various effects of rectangular slot diameters are examined in this section utilising (varying) capacitors. In addition, the 

construction of a band-notch filter for the antenna structure is explained. The band-notched characteristic reduces bandwidth. For 

example, in [11], the VSWR of the suggested antenna without a band-notched filter is approximately from 2.4 to 12.5 GHz, 

whereas adopting a band-notched filter reduces the bandwidth to 2.4-11.2 GHz. The antenna being used in this case has an ultra-

wideband, and inserting and/or altering a band-notched filter has no effect on frequency bandwidth. As a result, the exact size and 

positioning of the band-notched filter's rectangular slot must be determined and set precisely in order to have a beneficial impact 

across the whole frequency range of the Super SUWB antenna. 

WLAN systems operate at frequencies ranging from 4.85 to 5.83 GHz, as previously stated. In addition, Equation (2) defines 

the centre frequency of the band-notched antenna (fnotch), where c is the speed of light in free space, r is the dielectric constant, 

and L1 is the length of the rectangular slot. L1 is roughly a quarter wavelength at the centre frequency of the band-notched 

structure and can be computed as [17]: L2 = c/(2 fnotch ((r + 1)/2)) (2) 

The substrate that was chosen for simulation and production is FR4. Figure 4 displays the vertical VSWR findings of 

the final simulated antenna that has various rectangular slot diameters (L1, W 1, and S). As shown in Fig. 4(a), the 

bandwidth and centre frequency of the band-notched feature can be modified by adjusting L1 (W 1 = 0.4 mm, S = 9.3 

mm). Furthermore, Fig. 4(b) shows that W 1 (L1 = 7.3 mm, S = 9.3 mm) and S (L1 = 7.3 mm, W1 = 0.4 mm) define the 

lowest and highest frequencies of the band-notched filter, respectively. In another arrangement, a varactor diode or 

variable capacitor or otherwise 
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Variable

Capacitor 

 

  

(a) (b) 

 

Figure4.Effectsofslotparametersvarying(L1,W1,andS)onFR4substrate. 
 

(a) (b) 

 

Figure5. Effects of adding and changing variable capacitor to the antenna;(a)antenna structure, 

(b) simulated results on RogersTMM4 substrate. 

 

Figure6.Simulated current distribution sat5.49GHz. 
 

Capacitive slots are added in the patch antenna gap, and the capacitor value is increased from 0 to 2 pF. The findings are 

given in Fig. 5 and show that the centre frequency of the antenna's band-notch filter may be easily modified by using a variable 

capacitor.The final measurements of the rectangular slot band-notched filter are as follows: L1 = 7.3 mm, W 1 = 0.4 mm, and S 

= 9.3 mm. Fig. 6 depicts the surface distribution of current of the band-notched filter at fnotch = 5.49 GHz. As can be seen, the 

current arrangement at 5.49 GHz is primarily towards the rectangle. 
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(a) (b) 
 

Figure7.(a) Capacitor and microstrip line added to the rectangular slot;(b) Measured VSWR 
fordifferentvaluesofC1. 

 
 

(a) (b) 

 

Figure 8.(a) Measured VSWR for position C, D (C1 =2 pF), (b) Measured VSWR with two 
capacitorsandamicrostripline. 

 
Slot, and it disables excited surface currents close to the band-notched filter's central frequency. In addition, by 

inserting a PIN diode switch within the rectangular slot of the proposed antenna, the band-notched filter may be switched 

on and off. When the switch is turned off, the antenna has no band-notched functionality; when turned on, the antenna 

becomes a super UWB antenna with variable frequency band-notched performance. In a further arrangement and to alter 

the structure's band-notched filter, a microstrip line or capacitive slot will be placed in the rectangular slot, and then a 

capacitor (C1) at position A, as shown in Fig. 7(a). The capacitor's value is then adapted, and the centre frequency of the 

band-notched filter is changed, as shown in Fig. 7(b). When the capacitor is mounted in position B, its capacity to tune the 

centre frequency of the band-notched filter corresponds to that of the capacitor in position A. likewise, as shown in Fig. 

8(a), shifting the capacitor location (2 pF for positions C and D) affects the centre frequency of the structure's band-notched 

filter. According to references [22-27], if another capacitor is added and positioned in position E, the frequency tuning 

criteria of the structure's band-notched screen will be boosted and will cover greater and longer frequency ranges (Fig. 

8(b)). In this example, the capacitor values and a greater distance in between the capacitors are efficient for an expanded 

frequency tuning range, which is virtually between3.5and6.087GHz. 

Other microstrip lines and capacitors can be added to increase and improve the frequency tuning range. In this situation, 

each capacitor has its own frequency tuning effect. For example, C1 is dominant for tuning, but C2 and Ci(s) are better suited 

for modifying. Table 2 also depicts comparisons between the proposed antenna and other antennas in references with different 

features. The suggested antenna features a large bandwidth tuning capability, superior performance, and a small dimension. In 
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addition, better and more stable H-plane radiation patterns in the frequency range of 3 GHz to 15 GHz with tuning skills as 

well as modifications can be generated (for example, with a 2 pF tuning capacitor or varactor diode in 15 GHz, previously 

described). Although the gap may not be large enough to insert an SMD capacitor or diode, this problem can be responded to 

by employing an alternate design (Fig. 5(a)) or die technology. Figure 9 depicts modelled H-plane and E-plane radiation 

patterns in the frequency range of 3-14 GHz.  

Table2.Comparisonbetweentheproposedantennaandmanyantenna. 
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[27] 
80×80×2

0 
UWB No Capacitor 

2.3

3 
4.8–7.4 no Upto10 

[28] 
100×100×

19 
UWB No Diode 3.2 4.5–6.1 no Upto8 

[29] 
77×80×0.

76 
UWB Yes Diode 3.5 5.2–6.1 no Upto5.72 

[30] 
30×30×0.

8 
3.1–18 Yes Diode 4.4 2.7–7.1 no Upto10 

Theproposedan

tenna 

30×30×1

.6 

3–50 

simulatio

n  

Yes 

Capacitor/ 

Diode  

4.

4 

 

3.5–6.087 

 

Yes 

 

Upto14 3–40 

measurem

ent 

Capacitor/ 

Diode 

         
 

 

H-plane patterns have been significantly improved, and E-plane patterns are now unidirectional. As shown in Figs. 9 and 

13, uniform and optimised H-plane radiation patterns can be obtained up to 20 GHz (with tuning capacitor adjustment and/or 

tuning). Cross-polarization frequencies grow over 14 GHz due to a surge in orthogonal currents on the surface. 

Radiation Patterns 

 

 

 

 

 

 

 

 

Figure 9. Simulated H-plane radiation patterns of antennas a, d and e at 4 different frequencies. 

The ground plane shape decides the coupling effects between the patch and the base plane, which impacts UWB antenna 

performance. Most papers, such as [18] and [24], solely use defective ground structures (DGSs) and develop ground plane slots to 

increase bandwidth. Yet, a few articles study and investigate the effects of ground planes. The size and geometric features of the 

ground plane have been discovered to affect radiation patterns [25-35]. Moreover, radiation patterns only rise in the frequency 
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range of 3-10 GHz in references. A UWB antenna with two ground planes (32 15 mm2 and 70 15 mm2) is used in [25], for 

example, and L-shaped slots have been established on the leading edges of the ground planes. The radiation patterns of antennas 

with large planes of ground and slots are identical. The primary distinction is that the antenna with slots in the ground plane 

produces smaller cross-polarized electromagnetic fields at lower frequencies. In any event, the electromagnetic patterns of the 

antennas have been adjusted for UWB applications. Still, there are certain issues. 

 

(a)      (b) 
 

Figure10.(a)Simulated current distributions for SWB antennaat12 GHz. 
(b)Geometry of the modified ground of SWB antenna. 

 

Not investigated: first, the radiation patterns of the antenna with very small ground planes (32 mm 15 mm with slot), and 

second, the reasons for grabbing places of the slots in ground planes. 

The radiation patterns and gain of the proposed antenna can be seen in the following figures in this section. Figure 9 displays 

the simulated H-plane radiation patterns of antennas (a), (d), and (e) at four different frequencies. As can be seen, changing the 

patch and feed line changes the H-plane radiation patterns of antenna (d). In addition, Fig. 10(a) illustrates the simulation of the 

surface current distribution for the ground plane of antenna (d) at 12 GHz. Surface current amplitudes are smaller in some regions 

when compared to others as well.To improve radiation properties, two circular holes with a radius of R = 4 mm were eliminated 

from the ground plane (Figs. 1 and 10(b)). Fig. 9 illustrates that by cutting two circular apertures from the ground plane, 

antenna (e) has a more omnidirectional and wider frequency range than antenna (d). Furthermore, the bandwidth of the 

modified antenna is substantially wider than that of the other antennas listed in the references [3-9]. The antenna additionally 

has a flexible band-notched filters feature. In summary, an antenna with a broader frequency bandwidth, radiation pattern, and 

variable band-notched filtering characteristic was designed, and H-plane radiation has been raised up to 14 GHz by carving 

aperture slots in the ground plane. Additionally, as the orthogonal surface currents grow at higher frequencies, the cross-polarized 

electromagnetic radiation expands. 

III. MEASUREMENT AND SIMULATION RESULTS 

The developed antenna appears in Fig. 1(b), and the simulation and measurement results of the proposed antenna are 

depicted in Figs. 11-15. As can be observed, there is a significant agreement between the simulation and measurement results, 

with slight variations attributable to the effects of the fabrication process and SMA connector. The proposed antenna's return 

loss has been evaluated using an Agilent E8363C PNA network analyzer. Figure 12(a) depicts the antenna gain (e). Because the 

measured VSWR is up to 40 GHz, the antenna is modelled in the frequency range of 3-40 GHz. As can be seen, the gain is 

tremendous. 
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Figure11. Simulated and measured VSWR of the proposed antenna. 

 

 

 

 

 

(a) (b) 
Figure12.(a)Simulated peak gain of the SWB antenna with band-notched. (b)Gain of the proposed antenna without band-notched 

(with aperture slots and without aperture slots). 

IV. CONCLUSION 

A minuscule super ultra-wideband antenna with variable band-notched filtering capabilities has been presented. The patch's 

improved structure, with its 50-tapered feed line and engraved slots on the ground plane, offers a wider impedance bandwidth (3 

to 50 GHz) and lower cross-polarised and omnidirectional radiation patterns than similar antennas in the literature. This antenna 

can be used inA very broad frequency range, including a 5G network. The WLAN band has been filtered using a quarter wave slot 

and capacitors, and the centre frequency of the rejection filter can be set in the patch by using constant and/or variable capacitors. 

The above method might impact some nulls in radiation patterns. The proposed antenna's small size, best return loss in a complete 

frequency range, and improved radiation patterns make it a viable contender for UWB and SWB applications. Although this 

antenna has a simple and economical structure, it is extremely adaptable and efficient, especially when compared to complicated 

antennas. 
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