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Article Info Abstract
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Accepted: 18 May 2024 defected ground structure is presented to reduce mutual coupling and
Available online: 12 August 2024 gain enhancement of super wide band multiple input and multiple

output antenna (SWBMA) for terahertz (THz) applications. For THz
applications, a dual port super wide band MIMO antenna with size of

Keywords 0.35 A0 x0.17 Ao x0.02 Ao (57 x27.6 x3.36 um3) has been designed on
Super wide-band MIMO antenna quartz substrate. The simulated results of proposed antenna exhibit
(SWBMA), double negative meta- fractional bandwidth (FWB) of 164% at 9.9THz resonant frequency
material DNG-PDGS, S-parameters, (1.75 to 18THz) with peak gain 9.2dBi, and average radiation efficiency
envelope correlation coefficient 89% throughout the super wide band spectrum. By inserting DNG
(ECC), TARC (dB), CCL (bps/Hz) meta-material based periodic defected ground structures in between

inverse L stubs on ground plane, an isolation S12/Sz1 between radiating
elements of Sij < -25dB has been attained. MIMO parameters of
designed antenna are also investigated and it is observed that
ECC<0.0025, DG>9.98 dB, TARC<-15dB, MEG<-3dB, and
CCL<0.225bps/Hz throughout spectrum of antenna.By evaluating the
characteristics of proposed antenna, it can be concluded that the
proposed MIMO antenna can be a good candidate for high-speed THz
applications like future 6G, high-speed Radar, and radiometric
applications.

1. Introduction

THz communications have gained considerable attention for providing a communication link with high speed and
increased channel capacity in [1]. Due to the high penetration power feature, THz radiation can also be utilized
for material characterization in [2]. To utilize these features of the THz regime, the design of compact antennas
with effective gain and radiation efficiency has attracted a lot of attention from researchers in [3]-[4]. But these
antennas face high complexity which increases the difficulty in the design process of antennas. Thus, to reduce the
complexity, metamaterial and layered-based antennas have been introduced in [5]-[6]. However, the use of
layered-based antennas increases their profile. Further, because of single-element utilization in [2]-[6], the system
faces multipath fading problems, and the system degrades performance in terms of signal errors in
communication links. Multipath fading can be minimized by the utilization of diversity techniques in multiple
input multiple outputs (MIMO) links like spatial diversity, pattern diversity, and polarization diversity
presentations. Recently, a lot of research has been done on different diversity practices to improve diversity
features of the MIMO structure which depend on decoupling structure utilization at front & back side of substrate.
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Few authors have investigated numerous techniques for suppressing the effect of mutual coupling among
radiating elements. In [7], Split ring resonators (SRR)with inductive and capacitive effect has been designed in the
form of decoupling structure. To achieve isolation in broadband, multi-resonant stubs have been formed in tree
shape decoupling structures on ground plane [8]. Other decoupling structures like etching defected ground
structure (DGS) in [9], slotted type defected ground structure (DGS) [10], slots on the ground [11], and fractal-
based DGS structure in [12] have been designed to reduce mutual coupling effect. Another approach is the
electromagnetic band gap (EBG) structure which behaves as a stop band filter and does not allow wave
propagation in a specific frequency spectrum [13]. EBG and SRR are employed between radiating elements to
enhance isolation parameters [14]. Metamaterial unit cells, featuring decoupling networks, are designed to
improve isolation in monopole antennas [15]. For MIMO antennas, a complementary split ring resonator (CSRR)
with a neutralizing line is utilized to suppress mutual effects [16]-[17]. Additionally, a modified serpentine
structure with band-filter characteristics is employed to mitigate mutual coupling effects [18].

Further, two-element THz MIMO antennas are proposed in [19]-[23] for acquiring high data rate as well as
channel capacity. In [19], a MIMO antenna with parallel arrangement of radiating elements is investigated,
demonstrating an impressive isolation level exceeding -23dB, and volume of antenna configuration is
820x1000%81.29 um3.To achieve ultra-wideband, a tetradecagonal ring-shaped has been utilized to design two
antennas structure with sizes 800x1220um2 and 800x1170 pum?2. Also compared with spatial and pattern
diversity techniques to determine the isolation S21<-20dB for wider impedance bandwidth in [20]. For high-
speed THz applications, two port elliptical shape patch MIMO antenna with spatial diversity is printed on
1000%x1400x101.29 um3 substrate in [21] having high isolation between radiating elements due to effect of
inverting L stubs at ground plane with minimum radiating efficiency 70% at lower frequency spectrum. In [22], a
compact MIMO antenna is designed at operating frequency 8.2THz with peak gain 8.2 dB and -22dB minimum
isolation. Moreover, the analysis of specific absorption rate (SAR in W/Kg) has also been simulated at different
input powers for WBAN application. In [23] graphene-based tree shaped MIMO antenna is presented with physical
size of 600x300 umz2, offers narrow impedance bandwidth (88.14%) with peak gain (4dBi) and, low mutual
coupling (S21<-20dB) between radiating element. In [24], a MIMO antenna has been designed with mushroom
metamaterial structure, offers zero order characteristics at frequency 3THz which reduce the isolation less than -
22.1dB in intended spectrum.

As per observation from [19],[20],[21],[23], and [24], MIMO antennas have several advantages but few of

them having high profile with high level isolation and most of antenna have employed defected ground structures.
Nevertheless, the presence of a defected ground structure (DGS) has a notable impact on the stability of the
radiation characteristics and the overall efficiency of the antenna. This effect arises from the leakage of signals
occurring from the rear side of the antenna across the entire frequency spectrum. In [24], because of vertical
placement of meta-surface between antenna, the overall profile of antenna increases.
Therefore, in this article, DNG (double negative) metamaterial based periodic defected ground structures have
been implanted in between inverse L stubs on the ground plane for low mutual coupling and gain enhancement
throughout the frequency spectrum. The physical footprint of proposed antenna with 0.35 A0x0.17 A0 x.02 A0
um3 exhibits a super wideband (SWB) with impedance bandwidth 1.75 to 18THz (164%). According to simulated
S-parameters, DNG-based periodic defected ground structures have been inserted in between inverse L stubs at
the ground which improves the isolation(S12/S21) as well as diversity performance in terms of envelope
correlation coefficients (ECC), diversity gain (DG), total active reflection coefficient (TARC), and channel
capacity(bps/Hz).

The research article is ordered as follows: methodology of proposed dual-port MIMO antenna with & without
DNG based periodic defected ground structure has been discussed in section II.Results & discussions, diversity
parameters analysis, and comparison between the proposed antenna and previously reported antennas are
presented in section I1L.In concluding section, section V, the research article provides a summary and final remarks
on the findings and implications of the study.

2. DNG-Periodic Defected Ground Structure (DNG-PDGS) Loaded Dual Port MIMO
Antenna Methodology

2.1 Progression of Opposite Connected C(0-CC) DNG Loaded Single Element Antenna

To acquire the super wide band, the progression of the single antenna is accomplished in five steps (Ant.1-Ant.5)
as presented in Fig. 1(a)-Fig. 1(g). The physical dimensions of Ant.1-Ant.5 are discussed in table 1. Quartz
substrate has been utilized with a thickness of 3.36um, dielectric constant €r=3.75, and tangent loss 0.0001 in
Antl- Ant.5.To verify the effectiveness of super wideband spectrum, each stage of antenna (Ant.1-Ant.5) is
designed and simulated by CST Microwave Studio 2019. In Fig. 1(a), a simple square patch with physical
dimensions of 9.8 x 9.8 um2 (Lp x Lp) is connected by a microstrip feed line with dimensions Wf1=2.76 um and
Lf1=10pm in Ant.1. Ant.1 is implanted on a quartz substrate with dimensions of 28 x 27x3.36 pm3 (Ls x Ws x t).
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On the back side of substrate, a partial ground with 27.6 x 8.6 um2 dimensions is implanted for acquiring the
wideband spectrum. The reflection coefficients/S11 of Ant. 1 is described in Fig. 2. As per observation, Ant.1 offers
(S11<-10 dB) impedance bandwidth at 9.7 to 18 THz with 60% fractional bandwidth (FBW). To increase fractional
bandwidth (%), the geometry of a square patch with partial ground is altered from Ant.1-Ant.5 which are shown
in Fig. 1(a)-(g). The impact of modifications on S11 parameters is illustrated in Fig. 2.

Ws Lg3

(b) (c) (d)

(e) 0] (8)

Fig. 1 Progression of single element antenna (a) Ant.1; (b) Ant.2; (c) Ant 3; (d) Ant.4; (e) Ant.5; (f) Enlarge view of
radiating element of Ant.5; (g) DNG O-CC unit cell with dimensions

Further, to enhance the bandwidth at the lower frequency side, a rhombus shape patch with dimensions
Lp1=Lp2 and Lp3=Lp4 has been designed by rotating square-patch with 450 and it is connected by a tapered feed
with dimensions of Wf1=2.71 pm, Wf2=1.8 pum in Ant. 2. As per observation in Fig. 2, the improved impedance
bandwidth of Ant.2. is 138% fractional bandwidth at 3.3THz to 18THz. To attain fractional bandwidth of 164%,
four slots with physical lengths Lp5, Lp6, Lp7, and Lp8 with same slots width w2 are etched out from a rhombus

shape patch, and one more inverse L shape stub with the size of 19x10.37 um2(Ls1xWg2) and width Lg3=1.73pum
is connected at the ground in Ant.3.
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Fig. 2 Simulated results (a) progression of single antenna
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These modifications alter the current path in long path which produces the additional resonance in the
frequency spectrum as illustrated in Fig. 2. As per discussion, return loss/S11 of Ant.3 has shifted to a lower
frequency at 2.12THz. However, impedance matching is not good enough in frequency ranges from 5.13 THz to
8.2 THz and 11.2 THz to 15.8 THz respectively.

Therefore, to provide good impedance matching at the lower frequency, one more slot with Lp9xLp9 um? is
etched out from radiating element in Ant.4 which also provides the longer current path to the proposed antenna
which assistance to improve impedance matching and bandwidth as illustrated in Fig 2. According to the
simulated results, S11-parameters show impedance bandwidth of 2.7 to 18THz with fractional bandwidth
(147%). Furthermore, two DNG-based O-CC metamaterial structures are placed adjacent to the feed line in Ant.5
which assists in impedance matching and bandwidth (%) enhancement as illustrated in Fig 2. After simulation of
Ant.5, simulated S11 exhibited the impedance bandwidth at 1.81 to 17.5THz (162.4%) as illustrated in Fig. 2. To
understand the clear physical dimensions of slots on radiating elements and DNG-0-CC metamaterial structure,
the enlarged view has been illustrated in Fig. 1(f)-Fig. 1(g). All physical dimensions of proposed antenna have
been discussed in Table1.To validate DNG-O-CC metamaterial structure, design of unit cell has been analyzed in
next sub section.

Table 1 Physical dimensions of proposed antenna

Parameters Dimension
(pm)
L_SUB 27.65
W_SUB 57
Wf1 2.76
Lf 10.1
Wif2 1.8
0 450
t 3.36
Lpl 9.78
Lp2 9.78
Lp5 4.85
Lp6 4.96
Lp7 5.02
Lp8 5.09
w1 0.5
Wgl 23
Wg2 10.37
Wg3 6.57
Lgl 8.64
Lt 3
Ls1 19
Le 19.5
Lt 3
Lg4 26.78
w2 1.5
Lp3 8.5
Lp4 8.5
Lg2 17.28
Lg3 1.73
hp .035

2.2 Analysis of Double Negative (DNG) Metamaterial Unit Cell

According to Authors [25]-[27], negative refractive index characteristics of unit cells have been acquired when
permeability, as well as permittivity of unit cells, would also be negative and DNG metamaterial enhance
impedance bandwidth as well as gain of antenna. Initially, the opposite connected C shaped unit cell has been
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designed on quartz substrate and two electromagnetic ports are applied on the positive & negative of z-axis to
analyze characteristics of unit cell.
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Fig. 3 Simulated parameters of unit cell (a) Connected ports with boundary conditions; (b) Simulated S11& S21; (c)
Simulated refractive index; (d)Permeability; (e) Permittivity of DNG O-CC unit cell

The x-axis is assigned the perfect electric (PE) boundary condition, while the y-axis is assigned the perfect
magnetic (PM) boundary condition as described in Fig.3(a). The simulations of S11 and S21 parameters are done
in CST microwave studio 2019 which is illustrated in Fig.3(b). To validate the double negative characteristics of
the unit cell, the refractive index (nr) , permeability (€r), and permittivity (ur) are also computed by the
Nicolon_Ross_Wier approach. Before computations of material characteristics, initially, Z1 and Z2 are calculated
with magnitude of S11 and S21 respectively. Equation (1)-(2) are utilized to calculate the Z1 and Z2. After

S11 = ISyl

(1)
(2)

Sy1 = Sy |e2
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Z1 =381+ 511 (3)

Zy =831 —S11 (4)

b= ket "1+ 2, (5)

_ 2 y 1-27; 6

ket 1+ 2, (6)
—1)2 — 2

nr = - 2 (521 1) 5121 (7)
Jkoty (Sz21 +1)2 —Sf,

calculating the values of Z1 and Z2, equations (5)-(7) are utilized to compute of nr, & andpr of the unit cell of
metamaterials by Nicolon_Ross_Wier approach in [28] as illustrated in Fig.3(c)-(e). Here kO and t are the wave
number and substrate thickness respectively. The computed records of nr, € andp: of the DNG unit cell have been
discussed in Table 2. The active region for double negative metamaterial is 2.0 - 3.0THz, 3.25-3.5 THz, 4.0-6.4 THz
which exhibits the double negative characteristics in O-CC unit cell.

Table 2 Negative characteristics vs frequency spectrum of O-CC-DNG unit cell

Characteristics Negative THz Frequency region
permittivity_Active region 2.0-3.5,4-6.5,7.25-8
permeability_Active region 2.0-3.0,3.25-5.0,5.4-6.4
refractive Index _Active region 2-2.2,3.0 - 3.75,4.0-5.7
Double Negative Region (DNG) 2.0-3.0,3.25-3.5, 4.0-6.4

_Active region

2.3 DNG-Periodic Defected Ground Structure (DNG-PDGS) Loaded Dual Port MIMO
Antenna

Once the structure of DNG loaded rhombus-shaped single antenna (Ant.5) is designed in Fig1(e), a single antenna
(Ant.5) is transfigured into 2-port MIMO antenna to increase data rate and channel capacity(bps/Hz) as illustrated
in Fig.4.Initially,the structure-I of proposed antenna is implanted on a quartz substrate with an optimized physical
dimension of 57um x 27.65um(W_SUB X L_SUB) as illustrated in Fig.4(a).Two radiating elements are placed
adjacent at a minimum distance(A0/4) to maintain compactness of antenna in spatial diversity. Further, for the
reduction of coupling effects, two inverse-L stubs with connected ground have been introduced at the ground side
as illustrated in Fig.4(a). The minimum distance between antenna elements is 19.5 pm which utilized to maintain
the standard value of isolation (S12/S21<- 15dB) in the frequency region of 1.9 to 18 THz which is depicted in
Fig.5a. To improve the isolation and gain, a periodic defected ground structure with DNG characteristics has been
implanted at back side of substrate without altering the physical size of antenna structure I as illustrated in
Fig.4(b). The top view, bottom view, and perspective view of the SWBMA with physical dimensions are depicted
in Fig.4(a)-(c).

W_SUB

ans 1

(b)
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()
Fig. 4 DNG loaded proposed antenna(a) Structure I;(b) Structure 1I; (c) Perspective view of structure Il

3. Results and Discussions

After designing, simulations of proposed antenna structures (I &II) are done by CST microwave studio 2019
software. Because of similar radiating elements, the simulated reflection coefficients (S11/522) and transmission
coefficients(S12/S21) are the same at port1& port2.

S-Parameters [Magnitude in dB]

1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18
Frequency / THz

()

S-Parameters [Magnitude in dB]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Frequency [ THz

(b)

Fig. 5 S-parameters of proposed MIMO antenna for (a) Structure I;(b) Structure Il

The reflection coefficient (S11) of the antenna expresses how much power is reflected from the antenna port1.
The value of reflected power at the port should be less than -10dB. As per simulated results in Fig.5(a), the
S$11/S22 shows an impedance bandwidth of proposed antenna (1.9 -18THz) which also illustrates the operating
frequency range of the structure I antenna. The transmission coefficient (S12) of the antenna expresses the power
received at port 1 relative to the input applied power at port 2. The transmission coefficient(S12/S21) is also
expressed as an isolation parameter that attains less than -15dB the standard value throughout the frequency
spectrum. In Fig.5(a), due to insertion of pair of inverse L stubs at ground, S21<-18dB has been acquired in
frequency range 14 to 16 THz which is not enough for MIMO wireless communication system performance in the
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intended frequency spectrum(1.9-18THz). To improve isolation performance, three DNG metamaterial based
periodic defected ground structures (DNG-PDGS) are loaded on ground of MIMO structure II. So, the lower
frequency of proposed antenna has been shifted to 1.75 THz which increases impedance bandwidth with 164%
and the transmission coefficient(S12/S21) of structure II has been improved due to effect of double negative
(DNG)characteristics metamaterial as illustrated in Fig.5(b). According to simulated results, minimum value of
S12 is -25dB and maximum value of isolation is -43dB for throughout super wideband(SWB)spectrum which
exhibits the excellent diversity analysis of reported antenna. To validate the isolation Sij<-25dB,impact of isolation
on the surface current distributions(A/m) are illustrated at different frequencies when port 1 is excited in
Fig.7(a)-(d). As per observations, surface current densities at 1.89 THz, 6.5 THz, 12.5THz, and 15.5THz are
concentrated at the outer edges of radiating patches as well as tapered feed line and less concentration at the
bottom side of port2 which exhibits high level isolation between radiating elements.
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Fig. 6 Simulated results(a) Gain(dBi) with & without loaded DNG ;(b) Efficiencies (%)

(9 (d)
Fig. 7 Surface current density distributions (a)1.89 THz; (b)6.5 THz ;(c)12.5THz ;(d)15.5THz

Moreover, simulated gain and radiation efficiencies of the proposed antenna loaded with DNG material at
ports 1&2 are illustrated in Fig.6(a)-(b). As per observation, the gain of DNG-PDGS loaded structure is
progressively increasing and gain is constant from 3.6 to 15.3THz. In Fig.6(a), the maximum gain of 9.2 dBi is
observed which is high as compared to structure-I at upper-frequency 18 THz. According to the illustration in
Fig.6(b), the average values of total efficiency and radiation efficiency are almost 87% and 89% respectively which
also exhibits good performance of proposed antenna. Moreover, the radiation characteristics of the designed
antenna in the XZ-plane (H plane) and YZ-plane (E plane) have been analyzed at 2THz5THz, and 15THz
frequencies and described in Fig.8(a)-Fig.8(f). It is observed that stable radiation patterns are quasi-
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omnidirectional and complementary in E plane (YZ plane) & H plane (XZ plane), the complementary radiation in
nature acquires minimum mutual coupling as well as correlation between radiators. The cross-polarization is less
than -20 dB in maximum radiation field direction as illustrated in Fig.8(a)- Fig.8(f).

= Crosspolar

== Cross polar
g ° ——— Copolar

L] s CO polar

RARIXTRARALE:
cddbbbbEbLLY,

(0
=——=Crosspolor
0 —— Copolar

Crosspolar
L] = Copolar

sdbbdbsbbbes.

(d) (e)

Fig. 8 Simulated 2D radiation patterns and YZ plane (a) 2THZ in XZ; (b) 5THz in XZ;(c)15THz in XZ;(d) 2THZ in YZ;
(e) 5THz in YZ;(f)15THz in YZ

3.1Diversity Characteristics of DNG-PDGS Loaded Dual Port MIMO Antenna

To validate MIMO antenna diversity performance, the diversity parameters like Envelope Correlation Coefficient
(ECC), Diversity gain (DG), Total Active Reflection Coefficient (TARC), Channel capacity, and Channel capacity loss
(CCL) have been discussed in this section. The quantity of correlation for two radiators has been computed by ECC
parameters in [29]. When the distribution of power is uniformly lossless through radiating antennas then the
computation of ECC is done by applying S-parameter values in equation (8).

IS71 S12 + S51 55217
(A = [S1112 +1S211%) X (1 =[Sz + 1S121%)

ECC = (8)

In an uncorrelated MIMO system, the ideally desired value for the ECC is zero. For practical MIMO systems,
acceptable values are typically < 0.5. As observed in Fig.9a, the simulated ECC value using S-parameters in the
super wide band(SWB) is less than 0.0025 which indicates that the proposed MIMO antenna exhibits a low level
of correlation between its antenna elements. Furthermore, the DG of the proposed MIMO antenna is
approximately calculated using equation (9). Ideally, the diversity gain value should be close to 10dB. The
simulated diversity gains of the proposed MIMO antenna, as depicted in Fig.9a, is determined to be 9.99 dB. This
simulation result demonstrates the excellent diversity performance of the proposed MIMO antenna, closely
approaching the desired ideal value of 10dB.

DG = 10 x /1 — ECC2 9)

The actual performance of MIMO antenna cannot be predicted by S-parameters only. So, TARC is another
parameter that is evaluated by equation (10) to predict the characteristics of designed antenna. TARC(dB) is the
fraction of total replicated power to total applied power of antenna elements and gives the evidence related to S-
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parameters of the proposed MIMO antenna in [29]. The TARC is simulated at different phases from 0° to 180%and
all values of TARC of less than -10dB have been observed throughout the frequency range which shows the phase
insensitivity of proposed antenna in Fig.9b.

2
Here im and jm are receiving and radiating transmitting elements of proposed antenna. The channel
capacity(bps/Hz) evaluates the performance of proposed M x M MIMO antenna which is the function of bandwidth

and signal-to-noise ratio(SNR). Without knowing the channel conditions, power is equally feed-in transmitting
radiating antennas which is mathematically expressed in equation (11).

SNR .
Cyxm =k X jlog, |det | [I] +_k [H][H"] 1y
5°0.025 10.0 0-
Q
w
5 0.020 ro8 _ 10
‘G T)
% 9.6 e
S0.015 Lod e, B B 20
§ i 0O o
i i 94z &
0.010 H— #1301
= | Q
s o]
[ 1 ———
5°0.005 . -40 1
g H H 9.0
[= H
I : :
0.000 - i ; : - - =50 1 T T T T T T T T
T T T T T T T : T 8.8 18 36 54 72 90 108 126 144 162 18.0
18 36 54 72 90 108 126 144 162 18.0 Frequency(THz)
Frequency (THz)
(a) (b)

Fig. 9 Simulated results (a) Combine results of ECC&DG; (b) Total active reflections (TARC)

Here k is the number of antennas for transmitting signal, fading matrix [H], and transpose of a fading matrix
[H*] is Hermitian transpose of a fading matrix. identity matrix is represented by [I]. According to the authors in
[29], the maximum value of channel capacity for dual port MIMO antenna is computed in equation (12), by
considering the value of SNR =100 for Rayleigh fading environment. The calculated channel capacity of proposed
MIMO antenna is 11.34bps/Hz which is greater than allowed channel capacity of two element MIMO antenna (7.38

bps/Hz) in [29]. The calculated and allowed limit channel capacity of proposed MIMO antenna are illustrated in
Fig. 10(a).

Ca—antenna etlement mimo = 2 X lng[l + 50] (12)

Moreover, channel capacity loss (CCL) defines how many numbers of bits vanished when more than two
channels are utilized to transmit the signals at the time and the calculation of CCL is done by equation (13) -(16).
Here r is 2x2 S-correlation matrix. The ideal value should be less than 0.4 bps/Hz in [29]. As per observation in
Fig. 10(b) its value is less than 0.225bps/Hz in super wide band which validates the effectiveness of the designed
MIMO antenna.

13
Cioss = _10g2|¢p| (13)
p_ [P11 pl12 (14)
p21 p22
2 15
pi =1- (|5ii|2 + |5ij| ) ()
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Channel capacity(bps/Hz)
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pij = (SiSij + 57iSij)

1= Allowed limit of two elements

Maximum channel capacity of single element
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Fig. 10 Simulated results (a) Channel capacity; (b) Channel capacity loss(CCL)

Table 3 extracts the unique features of the proposed antenna in terms of compactness, number of radiating
elements, fractional bandwidth, gain, radiation efficiency, and isolation. Diversity performance in terms of ECC
and channel capacity loss is also compared with existing MIMO antennas in Table 3.

Table 3 Assessment of reported super wideband MIMO antenna with Existing Antennas

Ref. S11<-10dB  Gain n (%) ECC CCL Isolation Volume(pums3)
Impedance (dBi) Radiation bps/Hz (dB) & & Dimensions in
Bandwidth efficiency No. of wavelength (1)
(THz) Port
[19] 1.06-14.2 11.2 NM (not <.003 0.2 <-23 820x1000x 81.29
measured) (Two) 2.89 A x3.53 A x0.29 A
[20] 0.3-15.1 NM NM 0.02 0.2 <-13 800x1170x81.29
(Two) 0.80 A x1.17 A x0.08 A
[22] 8.82-8.86 8.2 NM 0.0005 0.2777 <-22 35%x36x%5
(two) 1.03 Ax1.06 Ax0.15 A
[23] 0.276- 4 84 0.0458 0.0018 <-20 600x300x45
0.711 (Two) 0.552Ax0.28 A x.041 A
[24] 2.7-3.2 6.4 NM NM NM -22 200x220x16
(Two) 1.8Ax1.98 A x.14 A
Proposed 1.75-18 9.2 89 0.002 0.26 <-25 57 x27.6 x3.36
antenna (164%) (Two) 0.35Ax0.17 A x.02 A

The proposed MIMO antenna designed with two elements stands out due to its minimized profile, attributed
to the small size of individual elements, distinguishing it from [19]-[20], [23]-[24]existing antennas.Moreover,
DNG-PDGS loaded proposed MIMO antenna exhibits a much wider fractional bandwidth(1.75 THz to 18THz) of
164% as compared to existing antennas in[22]-[24].Unlike [24], where a vertical meta-surface placement
increases overall profile and fabrication complexity, the low-profile DNG-PDGS loaded MIMO antenna enhances
gain by 3dBi and reduces fabrication complexity.Furthermore, the number of elements on a larger substrate is
almost same but existing antennas are having high profile and low radiation efficiency [23].Although
[19],[20],[22], and [24] have not mentioned efficiency. But, the highest efficiency of proposed antenna is the more
attractive parameter of the designed MIMO antenna.To endorse the good enactment for a two-element MIMO
antenna, the mutual coupling between radiating elements is less than -25dB , as compared to [19]-[20],[22]-[24].
Diversity performance in terms of ECC and CCL is also compared with existing MIMO antennas in Table 3. In
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summary,the proposed MIMO antenna excels in various parameters, demonstrating excellent performance for
high-speed THz applications.

4. Conclusion

In this paper, a DNG-PDGS loaded MIMO antenna is designed for super wide impedance bandwidth (1.75 to
18THz) with stable omnidirectional radiation patterns for high-speed terahertz applications.By inserting double
negative material-based periodic defected ground structure(DNG-PDGS) and inverse L stubs at the ground, the
isolation between two radiating elements is acquired more than -25dB throughout the THz spectrum(1.75-18
THz).To validate the high-speed THz communication, a detailed evaluation is done using CST Microwave Studio
by considering the diversity parameters like ECC ,DG, TARC(dB),channel capacity(bps/Hz),and channel capacity
loss(bps/Hz).All compared performance parameters are listed in Table 3.Finally, the simulated results show that
the SWB MIMO antenna can be a good contender for high-speed terahertz applications like in future 6G,
astronomical radiometric applications.
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