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Abstract

A compact bio-inspired terahertz wideband antenna is presented in this work. The pro-
posed antenna is based on Viburnum tinus leaf shape, a defective ground plane, a folded-ring
slot, and parasitic elements. The footprint of the proposed antenna is 0.46 × 0.18 λ2

g at
0.18 THz. A bandwidth of 0.536 THz (0.18–0.72 THz) is achieved with a band notch at
0.35 THz (0.3–0.36 THz). The proposed antenna has a peak gain of 5 dBi and the stable
radiation patterns. The proposed antenna is validated through a finite difference time
domain simulator and the equivalent circuit analysis. The results from show a good corre-
lation. Also, an extensive parametric analysis is performed, and the comparative analysis
of the proposed antenna with the existing antennas shows that the proposed antenna is
compact with competitive performance metrics such as gain, efficiency, and notch-band
characteristics. Therefore, the proposed antenna (hereafter referred to as VTB-A) is a
promising candidate for future terahertz wireless communications (5G, 6G, and beyond)
and terahertz imaging.

Keywords: terahertz communication; ultrawideband antennas; notch band; beyond 5G; 6G

1. Introduction
Users’ demand for high-speed, seamless connectivity and desire for the Internet of

Everything (IoE) have necessitated the need to explore higher frequency spectrum in
the communication community. The terahertz frequency band is being considered as a
promising spectrum for the future 6G and beyond communication and terahertz imaging
due to its unmatchable bandwidth, penetrating capacity, and undetectability to human
eyes [1–4]. Its potential ability to provide an unprecedented data rate (terabit-per-second
link capacities) in communications networks, compact transceivers, and appreciable energy
efficiency is making the terahertz band (0.1–10 THz) gain prominence in the wireless
communication community [4,5]. The terahertz band is the enabler of Beyond 5G (B5G)
and 6G wireless communications [3]. Antenna is a critical part of wireless communication,
including terahertz communication. Although terahertz antenna design and development
are still at their infant level due to the miniature size and unavailability of advanced
fabrication techniques suitable for such a nanostructure, significant progress has been made
so far [1].
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In recent times, researchers attention has been shifted to the design and development
of terahertz antennas as the enabler of terahertz systems [5–13]. Terahertz antennas en-
able advanced sensing and communication capabilities crucial for the sensor networks.
Antennas operating in the terahertz frequency range support high-resolution imaging
and spectroscopic identification of materials, which is valuable in biomedical applications,
nondestructive testing, and environmental monitoring. In addition, terahertz antennas pro-
vide ultra-high bandwidth communication for fast data transfer in dense sensor networks,
which therefore facilitates real-time monitoring and control. Moreover, the compactness
of terahertz antennas makes them an ideal component for integrated sensor-actuator net-
works, Internet-of-Things (IoT) systems, and smart environments [2,4]. Terahertz antenna
developments can be classified into planar microstrip-fed antennas [6–9,14,15], dielectric
resonator antennas [16,17], and plasmonic/graphene-based antennas [18–20]. Among
these, microstrip-based antennas continue to be prominent in the literature due to their
low profile, ease of integration, and compatibility with planar fabrication technologies. For
instance, authors in ref. [6] presented a DNA-shaped dual-band terahertz antenna built on
a polyamide substrate of dimension 0.76 × 0.61 λ2

g at 0.22 THz. In ref. [7], a rectangular-
shaped antenna on bandgap structure was presented. The antenna was developed on a
gallium arsenide substrate of dimension 0.77 × 0.38 λ2

g at 223.89 THz. In the same vein,
authors in ref. [9] proposed a Sierpinski Carpet-based terahertz antenna. The antenna
was asymmetrically fed with a coplanar feedline and built on a polyamide substrate of
dimension 0.64 × 0.33 λ2

g at 2.2 THz. Authors in ref. [21] proposed a photonic bandgap
(PBG) substrate and a photonic crystal for terahertz antenna applications, while authors in
ref. [19] also proposed a photonic crystal (PC) based on a periodic air gap. The authors in
ref. [21] noted that PBG and crystal substrate eventually improved the return loss and the
bandwidth. In ref. [22], a 28 × 32 radiator array antenna built on an 80 mm × 80 mm Rogers
RO300 substrate was proposed. The proposed structure incorporated frequency-selective
surfaces (FSS) and operated above 0.115 THz. A lateral element space of 1.208 mm was
used to reduce the mutual coupling. According to authors in ref. [23,24], radio regulators
have not regulated spectrum above 0.275 THz and a good number of passive services, such
as earth exploration satellite services (EESS), radio astronomy services (RAS), and space
research services (SRS), are within the range of 0.275–1 THz, which has to be secured from
disruptive interference of active services that have to co-exist with these passive services.
The process of avoiding interference is to create a band notch at the frequency of interest.
One of the ways is the use of adding external filters, but this leads to more complexity
and high cost of design. Therefore, researchers over the years have sought other means of
filtering out certain frequencies within the operating band. Some of these techniques are
patch-slotting [25–29], defected ground structures [30–33], and electromagnetic band gap
(EBG) structures [34–36]. It is noteworthy that these techniques have been extensively used
at the microwave frequency band, but there is little or no antenna with a band notch at
terahertz band despite the foreseen possibility of cooperation of both the passive and active
services in terahertz band. Hence, the need for a band-notch within this frequency band.

Therefore, in this work, a compact band-notch bioinspired wideband terahertz antenna
is presented. The specific contributions of this work are as follows: (i) presentation of a
Viburnum tinus leaf-shape terahertz antenna for the first time due to its good aspect ratio,
(ii) introduction of a band-notch at the terahertz band using a simple folded-ring slot
without compromising the antenna performance, (iii) the validation of the proposed VTB-A
using the FDTD-based software (CST Microwave Studio https://www.3ds.com/products/
simulia/cst-studio-suite (accessed on 25 October 2025)) and equivalent circuit modeling.

The rest of this paper is arranged as follows. The detailed design algorithm is presented
in Section 2. The results and discussion are reported in Section 3. The validation using

https://www.3ds.com/products/simulia/cst-studio-suite
https://www.3ds.com/products/simulia/cst-studio-suite
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FDTD-based software, equivalent circuit, and results are presented in Section 4. The
extensive parametric analysis of VTB-A is presented in Section 5. Section 6 shows the
comparative analysis, and finally the conclusion is given in Section 7.

2. Viburnum tinus Antenna Design Algorithm
A typical Viburnum tinus (VT) array and a single leaf are as shown in Figure 1a and

Figure 1b, respectively. The ovate geometry of the Viburnum tinus leaf provides a moderate
aspect ratio, which enables an optimal trade-off between compactness and performance.
This configuration supports the wideband operation, better radiation efficiency, and simul-
taneously mitigates surface wave losses [37,38]. The leaf shape is modeled as shown in
Figure 1c and is used as the radiating patch of the proposed antenna. The design of the
proposed antenna consists of five stages, as shown in Figure 2. In stage I, the modeled
Viburnum tinus leaf shape is fed with a stepped feed on a duroid 5880 substrate backed with
a partial ground plane, as shown in Figure 2a. In order to improve the impedance matching,
a rectangular slit is incorporated on the ground plane to form a defected ground surface
(DGS) as shown in Figure 2b (stage II). A notch was introduced by incorporating a folded
ring slot on the radiating patch of the proposed antenna, as shown in Figure 2c (stage III).
In order to broaden the bandwidth of the proposed antenna, a folded ring is integrated in
the radiating patch to increase the surface area of the Viburnum tinus leaf-shaped antenna
and thereby create another resonance to improve the bandwidth, as shown in Figure 2d
(stage IV). Finally, to improve the impedance matching of the antenna at the lower band,
two folded rings were used around the feedline as the parasitic elements, as shown in
Figure 2e (stage V). The dimensions of the VT-shaped antenna are parameterized as shown
in Figure 3, and the parametric values are presented in Table 1.

   
(a) (b) (c) 

Figure 1. (a) A typical Viburnum tinus array (b) back view VT leaf (c) developed VT leaf modeled
in HFSS.

Table 1. Optimized parametric values of the proposed VTB-A.

Parameters lsu l1 l2 l3 l4 l5 l6 l7 l8

Value (µm) 526 37.5 102.5 67.5 22.9 42 245 5 60

Parameters l9 ls wsu wf wf1 w1 w2 w3 w4

Value (µm) 22.7 50 211 40 20 30 11.6 10 30
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I II III IV V 

Radiating patch Ground Plane Substrate 

Figure 2. VTB-A design evolution (a) stage I, (b) stage II, (c) stage III, (d) stage IV, (e) stage V.

𝑙௦௨ 

𝑤௦௨ 

𝑙ଶ 

𝑙ଷ 

𝑙଻ 

𝑙଺ 

𝑤ଷ 

𝑤௙ 

𝑤ଵ 
𝑤௙ଵ 

𝑙ଵ 𝑤ଶ 

𝑙ସ 

𝑙ହ 

𝑙଼ 

𝑙ଽ 

𝑤ସ 

𝑙௦ 

Figure 3. Geometry of VTB antenna.

According to authors in [39,40], the fundamental resonant frequency of an arbitrarily
shaped microstrip patch antenna can be predicted using Equations (1)–(3), where Aeff is the
radiating patch effective area; Ap is the physical radiating patch area; εreff is the substrate’s
effective permittivity, and h is substrate thickness. The area of the modeled Viburnum tinus
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leaf shape is 0.021 mm2, and the thickness of the substrate used is 25 µm. Therefore, a
fundamental resonant frequency according to Equations (1)–(3) is 0.22 THz.

( fr)mn0 ≈ Xmnc

2
( Ae f f

h

)√
εre f f

(1)

Aeff ≈ Ap

[
1 +

2h2

πAp

(
ln

Ap

2h2 + (1.41ε + 1.77) +
h2

Ap
(0.268εr + 1.65)

)]( 1
2 )

(2)

εreff ≈ εr + 1
2

(3)

The proposed antenna is designed and simulated using the high frequency simulation
software (HFSS 19.0) by Ansys®. The results of the HFSS simulation are presented in the
next section.

3. Results and Discussion
3.1. Reflection Coefficient

Figure 4 shows the reflection coefficient S11 of the five stages of the design algorithm.
It can be observed that at stage I, the antenna shows the first resonance at 0.22 THz with an
S11 of −6.6 dB. The second and third resonances are at 0.36 THz and 0.58 THz, respectively,
and form a wideband with a −10 dB bandwidth of 326.21 GHz (298.25–624.46 GHz), as
shown in Figure 4. It is observed that the first resonance is a parameter in correlation with
the predicted fundamental resonant frequency in Section 2 which further validates the
model equations.

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
−35

−30

−25

−20

−15

−10

−5

0

 

S1
1(d

B)
 

Freq. (THz) 

Figure 4. Reflection coefficient response of VTB-A.

It can be observed that when the ground plane is defected by using a slit under the
feedline (stage II), the reflection coefficient is further improved with a little shift in the
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resonant frequencies. The essence of the defected ground surface (DGS) is to improve the
impedance matching of the antenna, as shown in Figure 4. When a folded slot is etched on
the radiating patch (III), a notch was observed at 0.39 THz with the −10 dB bandwidth of
334.75 GHz (307.49–642.24 GHz). It can be observed that with the incorporation of the slot,
four resonances occurred at 0.22 THz, 0.36 THz, 0.4 THz, and 0.58 THz with S11 of −6.6 dB,
−20 dB, −34 dB, and −15 dB, respectively, as shown in Figure 4.

The incorporation of the folded ring as part of the radiating patch results in a 67.02% in-
crease in bandwidth with two band notches at 0.36 THz (318.17–377.59 GHz) and 0.43 THz
(407.41–451.67 GHz), as shown in Figure 4. It can be observed in Figure 4 that, with the
introduction of two parasitic folded rings at the feedline (stage V), the impedance matching
of the proposed antenna improves particularly at the lower band and removes the second
notch band introduced by the folded ring incorporated in stage IV.

3.2. Radiation Patterns, Surface Current Distribution, Gain, and Efficiency

The 3D radiation patterns, the E-plane and H-plane radiation patterns at the resonant
frequencies, surface current distribution, and radiation efficiency and gain plots are pre-
sented in Figure 5, Figure 6, Figure 7 and Figure 8, respectively. The peak gains at 0.21 THz,
0.38 THz, 0.48 THz, and 0.69 THz are 1.9 dBi, 3.7 dBi, 4.0 dBi, and 3.8 dBi, respectively,
as shown in Figure 5. The radiation patterns shown in Figure 6 show that the proposed
VTB-A has a quasi-omnidirectional radiation pattern in the E-plane and an omnidirectional
pattern in the H-plane at all the resonant frequencies.

  
(a) (b) 

  
(c) (d) 

Figure 5. Three-dimensional radiation gain pattern of VTB-A at (a) 0.21 THz, (b) 0.38 THz, (c) 0.48 THz,
(d) 0.69 THz.
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Figure 6. Radiation patterns of VTB-A at (a) 0.21 THz, (b) 0.38 THz, (c) 0.48 THz, (d) 0.69 THz.

Figure 7a shows that the major contributor for the resonance at 0.21 THz is the
Viburnum tinus, with little contributions from the parasitic folded-ring and the incor-
porated folded-ring. This revealed the reason for the improvement noticed in the
reflection response at this frequency when the folded ring was incorporated into the
design. The concentration of the highest surface current along the feedline and the
base of the radiating patch shows that there is a strong coupling between the input
port and the radiating patch, which leads to good radiation efficiency. The resonance
observed at 0.38 THz is majorly affected by the periphery of the VT, the incorporated
folded ring, and the parasitic folded ring, as can be seen in Figure 7b. At this frequency,
the surface current distribution reveals the excitation of higher-order modes, with
stronger concentration along the patch edges and parasitic folded rings. This inter-
action enhances capacitive–inductive coupling, which broadens the bandwidth and
improves the radiation efficiency. It can be observed from Figure 7c that the folded ring,
the Viburnum tinus leaves around the folded-ring slot, and the parasitic folded ring
contributed to the resonance at 0.48 THz. It can also be observed that the dominant cur-
rents are localized within the parasitic folded rings and central patch region, producing
extended current loops that enhance the reactive loading and mode hybridization.
Resonance at 0.69 THz is the combinatory effect of the slot, the incorporated folded
ring and the ground plane slot, as observed in Figure 7d.

The radiation efficiency of the VTB-A is presented in Figure 8. It can be observed
that the proposed antenna has good radiation efficiency across the operating band except
at the notch band, which shows that the antenna will not radiate/receive a signal at this
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frequency. A 25% radiation efficiency is observed at the notch frequency, as seen in Figure 8.
It can also be observed that VTB-A has suitable gain across the entire operating bandwidth
with a peak gain of 5 dBi, except at the notch frequency where the gain is negative, as seen
in Figure 8. A negative gain at the notched frequency means that transmission/reception
at this frequency would be attenuated and thereby prevented.

  

(a) (b) 

  

(c) (d) 

0.21 THz 0.38 THz 

0.48 THz 0.69 THz 

Figure 7. VTB-A current distribution at (a) 0.21 THz, (b) 0.38 THz, (c) 0.48 THz, (d) 0.69 THz.
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Figure 8. VTB-A gain and radiation efficiency.

4. Validation of the Proposed VTB-A Antenna
The proposed VTB-A is validated through the equivalent circuit model and a

finite difference time domain simulator, CST microwave studio, and the results are
presented in this section. The equivalent circuit lump parameters are predicted using
Equations (4)–(6) [21,22], modeled, and simulated in AWR studio. The purpose of
the equivalent circuit is to provide a simplified electrical model to enable a more
practical and effective design and analysis of the proposed antenna. Figure 9 shows
the schematic diagram of the equivalent circuit (EC) modeled in AWR, and the value
of each lumped element parameter is presented in Table 2. The feedline is modeled
as a transmission line segment with a characteristic impedance, ensuring impedance
matching to the source. The radiating patch corresponds to a parallel RLC resonator,
where the inductance L represents the current path along the radiating patch, the
capacitance C arises from the fringing fields between the patch edges and ground plane,
and the resistance R models the radiation and conductor losses. It can be observed
from Figure 4 that the initiator radiating patch excites three resonances, which implies
three (3) series parallel RLC circuits. The embedded slot within the patch introduces
additional parallel RLC tanks, with the slot length defining inductive behavior due to
the circulating currents, while the slot gap provides capacitive coupling. Similarly, the
parasitic folded rings are represented by coupled RLC resonators, where inductance
accounts for the extended current loops and capacitance corresponds to the narrow
gaps between adjacent ring arms, making seven parallel RLC resonators as shown
in Figure 9.

 

Figure 9. Equivalent circuit model of VTB-A.
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Table 2. Lump element parameters of VTB-A.

Parameters R1(Ω) R2(Ω) R3(Ω) R4(Ω) R5(Ω) R6(Ω) R7(Ω)

Values 30.2 20.6 21.6 97.3 19.6 16.7 53.12

Parameters L1(nH) L2(nH) L3(nH) L4(nH) L5(pH) L6(nH) L7(nH)

Values 0.01 0.006 0.001 0.002 0.8 0.001 0.004

Parameters C1(pF) C2(pF) C3(pF) C4(pF) C5(pF) C6(pF) C7(nF)

Values 0.06 0.05 0.15 0.13 0.14 0.08 0.01

Also, the proposed antenna is simulated in the CST microwave studio, as shown
in Figure 10. The reflection coefficient responses of the equivalent circuit (EC) and CST
microwave studio simulations with the HFSS simulation are presented in Figure 11. There
is a good agreement in the reflection coefficient response of EC and HFSS, as observed
in Figure 11. Although there is a little discrepancy between the HFSS and CST reflection
coefficient responses at the lower band, it can be observed that they follow the same pattern.
This is because HFSS is based upon the finite element method, which is known to be
more accurate than the CST-FDTD method [24]. Notwithstanding, there is a reasonable
consistency in S11 of HFSS, CST, and EC, as shown in Figure 11.

C =
wc

2Zo(w2
o − w2

c )
(4)

L =
1

w2
oC

(5)

R =
2Zo√

1/|S11(wo)|2 − (2Zo(woC − 1/woL))2 − 1
(6)

Figure 10. VTB-A design setup in CST microwave studio.
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Figure 11. S11 of equivalent circuit, CST and HFSS models of VTB-A.

5. Parametric Analysis
5.1. Effect of Parasitic Feedline Gap (w4) on S11

Figure 12 shows the S11 response of VTB-A as the space between the parasitic folded
ring and the feedline changes. It can be observed that as the space increases, S11 at the
lower band decreases but with a corresponding deterioration at the two middle resonances,
as seen in Figure 12. It is worth noting that at the uppermost resonant frequency, as the gap
increases, the S11 keeps increasing with a little downward shift, as shown in Figure 12. This
effect is due to the formation of the capacitive-inductance (LC) by the folded-ring loading
with the proposed antenna structure through the gap ( w4). So, a change in w4 leads to a
change in the capacitance and therefore a change in the resonance nature of the structure.
Hence, 30 µm is choosen as the optimized value.
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Figure 12. Effect of parasitic-feedline gap on S11.
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5.2. Effect of the Ground Plane Length on S11
(
lg = l2 + l3

)
The effect of the ground plane on S11 is presented in Figure 13. It can be seen that the

ground plane has a significant effect on the reflection response of the proposed antenna. For
instance, at the first resonant frequency, it can be observed that as lg increases, S11 increases,
whereas the same changes cause a decrease in S11 at the second resonant frequency. It
can also be noted that at the third resonant frequency, an increase in lg results in good
impedance matching at this frequency, as seen in Figure 13. Its effect on the fourth resonant
frequency is a significant shift in the resonant frequency and it can also be observed that at
the uppermost resonant frequency, S11 decreases with the increase in lg until lg = 160 µm
and starts to deteriorate as lg continue to increase.
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−10
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1(d

B)
 

Freq. (THz) 

Figure 13. Effect of the ground plane length on S11.

5.3. Effect of the Ground Slit Length (ls) on S11

The S11 response for different values of ls is presented in Figure 14. It can be observed
that the change in ls does not have any significant effect on S11 at the first, second, and
fourth resonant frequencies, but a significant effect is noticed at the third and the fifth
resonant frequencies. For instance, when ls changed from 20 µm to 30 µm, a significant
deterioration in S11 is observed at the third resonant frequency, but as it continues to
increase, it begins to improve until ls is 60 µm any further increase from that point leads to
a deterioration again, as seen in Figure 14.

5.4. Effect of the Ground Slit Width (w1 ) on S11

Figure 15 shows the S11 response of the proposed antenna with the variation of w1. It
can be observed that w1 only has significant effect on the third and fifth resonant frequencies.
The effect is noticed only on the S11 at the fifth resonant frequency, but on both S11 and the
resonant frequency at the third, as seen in Figure 15.

5.5. Effect of the Space Between the Folded Ring Slot and Feedline (l5)

Figure 16 shows the effect of l5 on S11 response of the proposed antenna. It can be
observed that l5 only has significant effect on the third resonant frequency. This is because
of the third resonance is majorly contributed by the surface of the radiating patch below
the folded ring slot, as shown by the surface current distribution. Therefore, any change in
that space will result in the change in resonance at that frequency, as seen in Figure 16.
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Figure 14. Effect of the ground slit length on S11.
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J. Sens. Actuator Netw. 2025, 14, 107 14 of 17

 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
−40

−35

−30

−25

−20

−15

−10

−5

0

𝑙ହ = 82 𝜇𝑚 𝑙ହ = 72 𝜇𝑚 𝑙ହ = 62 𝜇𝑚 𝑙ହ = 52 𝜇𝑚 𝑙ହ = 42 𝜇𝑚 𝑙ହ = 32 𝜇𝑚 𝑙ହ = 22 𝜇𝑚 

S1
1(d

B)
 

Freq. (THz) 

Figure 16. Effect of the space between the folded ring slot and feedline.

6. Comparative Analysis
The comparative study of the proposed VTB-A with the antennas reported in [10,20,41–49]

was carried out and reported in Table 3. Guided wavelength size is used in this work to
capture the effect of the permittivity on the size of the antenna. As can be observed in Table 3,
in terms of size, the footprint of the proposed VTB-A is smaller compared with the recently
published works in the literature. In the case of impedance bandwidth, the proposed VTB-A
antenna shows superiority when compared with the existing work, despite its compactness,
as seen in Table 3. In terms of gain, it can be observed that the gain of the proposed
VTB-A is higher than the gain of the antenna proposed by authors in [43–45]. Although
antennas reported in [20,41,42,46,47] have better gain than VTB-A, but these antennas are
larger as compared to the proposed antenna. In terms of radiation efficiency, the proposed
VTB-A outperforms the recently published work despite its compactness, as observed in
Table 3. As shown in Table 3, authors in [48,49] proposed a notch band terahertz antenna
but with a much higher footprint than the VTB-A proposed in this work. For instance,
the antenna in [48] has a higher gain than the VTB-A but with a lesser radiation efficiency
and bigger footprint. Likewise, the antenna presented in [49] has a wider bandwidth but
a lesser gain and radiation efficiency compared with the proposed VTB-A. Based on the
foregoing, VTB-A has a highly competitive edge compared with the most recent works
in the existing literature and therefore stands out for terahertz applications in the future
wireless communication and terahertz imaging.

Table 3. VTB-A compared with recent works in the existing literature.

Ref.
(Year) Size (λ2

g) Imped. BW
(BW) THz

Gain
(dB)

Efficiency
(%) Methodology Band-Notch

[41]
(2025) 0.7 × 0.7 0.372–0.683

(0.311) 5.2 93 Gear + Star NO

[42]
(2024) 3.03 × 3.03 0.275–0.315

(0.04) 9.87 54.4 Dipole NO

[43]
(2024) 1.16 × 0.57 0.43–0.5

(0.07) 3.1 32 Dual Rectangular Patch + slot NO
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Table 3. Cont.

Ref.
(Year) Size (λ2

g) Imped. BW
(BW) THz

Gain
(dB)

Efficiency
(%) Methodology Band-Notch

[20]
(2021) 0.79 × 0.79 0.6–0.75

(0.15) 6.1 Overall
eff-NR Rectangular patch NO

[44]
(2023) 0.68 × 0.68 0.362–0.591

(0.229) 4 93 Coronavirus NO

[45]
(2022) 1.03 × 0.52 0.276–0.711

(0.435) 4.3 15 Tree-Shape NO

[46]
(2022) 1.03 × 0.52 0.35–0.75

(0.4) 5.49 85 Fractal NO

[10]
(2020) 0.35 × 0.35

1.95–2.05
(approx.)

(0.1)
5.02 95 E-shape NO

[47]
(2021) 0.77 × 0.77 0.45–0.71

(0.26) 5.7 97.3 Square-Ring + Inscribed
Rhombus NO

[48]
(2023) 1.67 × 1.67 8.53–14.63

(6.1) 7 90 Rectangular patch + DGFS YES

[49]
(2022) 0.67 × 0.39 1.67–5.64

(3.97) 2.93 85 Rectangular patch + GFS YES

This
work 0.46 × 0.18 0.18–0.72

(0.536) 5 99.8 VTB + DGS + FRS + P-FRS YES

NR—Not reported, DGS—Defected Ground Surface, SH—Semi-Hexagonal, FRS—Folded-Ring Slot,
PFR—Parasitic Folded-Ring, DGFS—Dual Graphene-Filled Slots, GFS—Graphene-Filled Slot.

7. Conclusions
A novel ultracompact Viburnum tinus leaf-based bio-inspired wideband antenna

(VTB-A) has been presented in this work. The impedance bandwidth of 0.18–0.72 THz
(536 GHz bandwidth), peak gain of 5 dB, and radiation efficiency of 99.8% were achieved
despite its compactness with the dimensions of 0.46λg × 0.18λg. A band notch at 0.39 THz
was achieved through the use of a folded-ring slot on the radiating patch. The proposed
VTB-A is validated through FDTD and equivalent circuit modeling, and the results show
good agreement. The comparative analysis shows that VTB-A has a highly competitive
edge compared to the recent works in the existing literature in terms of size, bandwidth,
gain, efficiency, and band-notching and therefore stand out for terahertz applications in
the future wireless communication (beyond 5G and 6G) and terahertz imaging. In the
future, terahertz metamaterial will be developed and incorporated to further improve the
gain of the proposed antenna (VTB-A), and deployed in a MIMO scenario for terahertz
channel diversity.
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