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Abstract: A 2-port graphene-silicon-built THz antenna is planned and examined in this communication.
Aperture feeding and air cavities in silicon dielectric are used to achieve wideband features i.e. 2.35-3.8
THz. Three unique features of designed antenna are: (i) circular metallic rings added with printed line to
notched the frequency band, i.e., 2.75-3.15 THz; (ii) Deep neural network (DNN) and Random Forest (RF)
are applied to guess |[S11| parameter of the designed radiator; and (iii) presence of DGS reduces the coupling
below -25 dB. Graphene layering assists in providing frequency tunability qualities to the planned antenna.
CST and HFSS EM software confirm the final outcome that the planned antenna works in between 2.2-
2.65 THz and 3.3-3.7 THz. A Stable radiation feature and good multi-port parameters confirm its
applicability for mobile communication in the THz regime.
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1. Introduction

Upcoming wireless communication applications and systems are pushing the limits of data rates. Terabit-per-
second data speeds are possible with the THz spectrum, which is essential for the needs of the future generation
[1]. The creation of effective THz antennas is essential to overcoming obstacles at these frequencies, such as
significant path loss and air absorption. Researchers are investigating various antennas, including graphene-built
and dielectric antennas [2, 3]. These antennas offer adaptability and high radiation efficiency. Antenna designers
in the THz range have also had to address the issue of intricate antenna construction meshing, which causes the
simulator to take a long time to provide results. ML approaches may be used to tackle this issue [4].

The scientific community is heavily interested in multi terminal antennas in the THz spectrum. Gaurav developed
a 2-terminal ceramic antenna that performs between 1.73 THz and 1.83 THz and has a separation value over 20
dB [5]. Together with other researchers, Rubani provided a 2-terminal silver-built antenna with an isolation of
roughly 17 dB that performs throughout the 8.69-8.89 THz region [6]. A 2-terminal tree-shaped graphene radiator
with an isolation over 25 dB and good performance throughout the 0.25-0.72 THz region was suggested by Babu
et al. [7]. Vamsi designed a 2-terminal graphene-based radiator that runs in 4.68—4.88 THz region. The isolation
achieved is over 30 dB [8]. Vishwnath et al. built an adjustable 2-terminal hybrid radiator active in the 4.25-4.85



THz region [9]. Ali developed a 2-terminal graphene radiator with a useful spectrum of around 0.12 THz. To
reduce the value of ECC, it makes use of the beam twisting idea [10]. Numerous studies also examine
radiator modelling in the microwave space using ML approaches. Zheng et al. employed an SVM-based
ML architecture to enhance the [S11]| of the printed radiator [11]. Sharma et al. utilized ML techniques to anticipate
the outcomes of T-shaped printed radiators [12]. Ranjan et al. employed and compared various ML algorithms to
boost the functioning of a UWB printed radiator [13]. A KBNN was applied to calculate the dielectric radiator's
|S11] by Srivastava et al. [14]. Using ML approaches for antenna design in the THz region has many advantages
due to the high time requirements of EM simulators.

This paper plans and simulates the 2-port silicon-graphene antenna in the THz region. First, aperture stimulation
along with the air cavity inside the silicon dielectric helps to wideband features. Circular silver rings in addition
to a printed line band notched in between 2.75 THz and 3.15 THz. Graphene coating adds the frequency tunability
feature. DGS improves the isolation value between the antenna terminal. This article is segmented into various
parts: (a) antenna layout; (b) antenna investigation; (c) |Sii| prediction using ML; (d) final outcomes; and ()

conclusion.

2. Antenna Layout
Fig. 1 shows the setup for the planned multi-terminal aerial. A Modified ring-formed slot stimulated silicon ring
dielectric rod (er=11.2) is the planned 2-terminal aerial. Its design uses the SiO, dielectric base (er=3.9). Its
thickness is estimated to be 1.6 pm. Graphene, which has a depth of 0.34 nm, is applied on Si-dielectric to alter
the antenna's attributes. For the conducting parts of the antenna, such as the ground and microstrip line with
circular rings, silver is used. Drude's strategy [15] can precisely express the dispersive nature of the antenna. It is

expressed as follows:
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The symbols "f1" and "f2" in the equation above stand for plasma and collision frequency, respectively. For silver

used in THz antennas, the potential values of "f1" and "f2" are 4.25 THz and 2265 THz, respectively [15]. Details

on the optimal antenna size are provided in Table 1.
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Fig. 1 Two-Terminal THz Antenna Layout (a) Slot and printed line as stimulator (b) Adjacent view of radiator

Table-1 Optimal Sizes of various antenna parameters of Planned THz Radiator

Parameters Size (um) Parameters Size (um)

W 44.0 D 18.0

L 82.0 D1 2.5
L1 21.5 H 8.0
D5 3.0 L2 38.0
W2 1.5 Wil 2.5

t 0.5 D4 5.95
D3 7.2 Hs 1.6

3. Antenna Analysis



This segment provides the detailed examination of the planned radiator using HFSS EM software. Fig. 2 presents
the |Sii| graph with different changes in the planned radiator: (a) without any dielectric radiator; (b) circular
aperture coupled cylindrical dielectric rod; (c) circular aperture coupled ring dielectric rod; (d) ring aperture
coupled ring dielectric; and (e) asymmetric ring aperture coupled ring dielectric. Some observations are found
from Fig. 2: (i) entire operating regime is because of silicon dielectric; (ii) ring dielectric improves the impedance
bandwidth; and (iii)) asymmetric ring aperture stimulation provides dual resonance with wider impedance
bandwidth due to reduction in capacitive effect. Fig. 3 presents |S11| graph in the existence/non-existence of a dual
circular ring with a printed line. It can be seen from Fig. 3 that the addition of circular rings with printed line
rejected the frequency band in between 2.75 and 3.15 THz. Fig. 4 shows the E-field lines used to determine the
sources of resonances at 2.5 THz and 3.5 THz. It can be perceived from Fig. 4 that HEM? ; and HEMJ, 5 are
accountable for resonances at 2.5 THz and 3.5 THz respectively [16]. This can also be confirmed with the help of
the mathematical equation given below [17]:
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In eqn. (2), ‘D’ and ‘H’ represents the diameter and height of ring dielectric rod. ‘gg;” denotes the permittivity of
Silicon dielectric rod. After placing all the values, the resonance is found to be 2.75 THz, which is close to

simulated value.
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Fig. 2 Graph of |Sy| with different changes in single terminal radiator




—a— Microstrip line w/o circular ring
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Fig. 3 Graph of |S;;| with and without circular rings in printed line
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Fig. 4 E-field lines on ring dielectric rod (a) 2.5 THz (b) 3.5 THz

A minimal coating of graphene is layered with ceramic to render the radiator frequency reconfigurable. The
intraband conductance of the graphene film is influenced by fluctuations of its chemical potential (uc), which may

be understood using the following algebraic connection [8]:

. e*KgT Ue __Hc_
Jintra(w: Ue, F, T) =-J m KBT + 2In <€ KpT 1) (3)

The letters I, Ksg, ts, and % stand for the scattering rate, thickness, Boltzmann's constant, and Plank's constant,
respectively, in eqn. (3). It is possible to alter "pc" by adjusting graphene's electric potential. Fig. 5 illustrates how
the |Si| parameter is affected by the chemical potential of the graphene. It verifies that as graphene's "pc"

increases, the working spectrum moves to higher frequencies.
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Fig. 5 |S11| graph with variation “p.”
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Fig. 6 presents the S-parameter alteration with single and 2-terminal radiator. Two cases are taken in 2-terminal
radiator i.e. with and without DGS. Two things are observed clearly: (i) |Sii| parameter is not diverted after
conversion from single terminal to 2-terminal; and (ii) DGS reduce the coupling value to below -25 dB in both

the functioning regime.
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Fig. 6 S-parameter graph with single and dual terminal radiator

4. Prediction of |S11| using ML Approaches
This section uses DNN and RF ML approaches to predict |Sii|. In order to do this, a data collection is created by
varying a number of radiator settings within a particular series (data set). Both ML techniques are trained using
this set of data. The sizes of several radiator limitations used to create the data set differ as follows:
e D varies in increments of 0.1um between 14.0pm and 22.0pum
e H varies in increments of 0.1 pm between 6.0 pm and 12.0 pm.
e DI varies in increments of 0.1pm between 1.0 pm and 4.0pm.
e L1 varies in increments of 0.1pum between 17.0 um and 25.0 pm.
e W1 varies in increments of 0.1 pm between 1.0 pm and 4.0 pm.
e D5 varying between 1.0um and 5.0pum in increments of 0.1um;
e D3 fluctuating between 5.0 um and 10.0 um in steps of 0.1 pm;
e D4 fluctuating between 3.0 um and 9.0 um in steps of 0.1 um
This data collection of |[S11| was produced by the parametric assessment of the Ansys HFSS program. The
frequency spectrum is 2.0—4.0 THz with a frequency point of 101. As a consequence, the whole dataset has around
125483 data points. The remaining 20% is set aside for evaluation, while the remaining 80% is utilized to master
the ML approach. Three fundamental constraints—MAE, R2 score, and MSE—are used to assess the results of
ML approaches [14]. Table 2 lists these numbers for DNN and RF. It is clear that ML approaches attain accuracy
levels higher than 80%. It is regarded as a very good number. Additionally, it shows that DNN provides more
accurate guesses than RF. Fig. 7 provides the charts comparing expected and actual results for RF and DNN built
ML approaches. These figures demonstrate that the predicted and actual results for both ML approaches are almost

equal. When the |[S11| becomes close to 0 dB, the level of confidence is much higher.



Table-2 MSE/MAE/R2 score value for RF and DNN Approaches

ML Approaches R2 Score (S11) MSE (S11) MAE (S11)
RF 0.931 4.025 0.745
DNN 0.857 3.559 0.815
Random-Forest - Predicted vs Actual values DNM - Predicted vs Actual values
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Fig. 7 Estimation Between real and predicted |Si1| (a) RF (b) DNN

5. Final Outcomes
Using CST simulation software, the optimal results are confirmed in this part. [S11}/|S12| is the first antenna
parameter to be confirmed. In Fig. 8, it is shown. A respectable association exists between |[S11| and [S12|. The
intended antenna has a coupling value of less than -25 dB and operates efficiently within two working regimes
i.e. 2.2-2.65 THz and 3.3-3.7 THz. Fig. 9 shows the far-field pattern in XZ plane with terminal-1 and terminal-2
at 2.5 THz and 3.5 THz. It can be seen from Fig. 9 that broadsided pattern is got due to creation of fundamental
hybrid mode. Similarly, co-pol has significantly large in comparison to cross-pol value, which confirms high

efficiency of planned radiator.
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Fig. 8 Graph of S-parameter using HFSS/CST/ML Approaches



—u— HFSS (Co-Pol)
~—=— HFSS (X-Pol)

>

—=—HFSS (Co-Pol)
—=—HFSS (X-Pol)

0 —e— €ST (Co-Pol) 0 330 30 ——cST(Co-Pol)
- —=— CST (X-Pol) 10 e CST (X-Pol)
A = _ | 300 0
g 20 220
5 g 30
z -30 i z
go- 100 ,__E 7 0
s -30 o 30
& &
= .20 5 20
&* ~ 24 20
-10 -10f
0 0 210 150
180
B _ (b)
0 —=— HFSS (Co-Pol) —a— HFSS (Copol)
—— ggss éX-PoI) 0 —=— HFSS (XPol)
~a— CST (Co-Pol) 33 —y—
o CoT epon y R e
-1 -1
= ~ 300,
g2 22
- Tt
% 3 £ -3
& 0 < 7 0
g g7
& 4 24
-1 -1
180 180
© (d)

Fig. 9 Far-field pattern in XZ plane (a) 2.5 THz with Terminal-1 (b) 3.5 THz with Terminal-1 (c) 2.5 THz
with Terminal-2 (d) 3.5 THz with Terminal-2
The alteration in gain generated by HFSS/CST for the suggested design is shown in Fig. 10. The HFSS and CST
show excellent resemblance. The gain level is around 3.5 dBi and 4.5 dBi over the dual operational regime. The
evaluation of the developed 2-terminal radiator in the THz regime in comparison to the published 2-terminal
radiator in the same domain is listed in Table-3. This evaluation is based on gain level, coupling value, and
impedance BW. It is evident from Table-3 that the plannned radiator is preferable in terms of each of the

previously discussed metrics. Using machine learning to forecast the [S11| gives the planned radiator an extra

advantage.
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Fig. 10 Graph of Gain got from HFSS/CST



Table-3 Comparing planned radiator's ML optimization, isolation, and BW to the available 2-terminal
radiator in THz region

Ref. BW Gain Coupling level Estimate of |Syi| via
(THz) (dBi) (dB) ML approaches
[5] 0.12 3.3 <-15
[6] 0.03 0.41 <20
[7] 0.49 43 <20
[8] 0.19 3.7 <20
[9] 0.59 4.2 <25
[10] 0.09 3.7 <20
Planned 0.45/0.4 3.5/4.5 <-25 Yes
Radiator

To determine its effectiveness in a fading context, two diversity parameters—ECC and DG—must now be
examined. To make the closely spaced antennas uncorrelated, the ECC value should be small (less than 0.2). To
be effective in a working context, the DG value should be high (around 10 dB) [18]. The ECC/DG change for the
suggested radiator is shown in Fig. 11. It shows that the ECC and DG values are in good agreement with the
CST/HFSS. While DG is around 10 dB throughout the operational range, ECC is much lower 0.2.
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Fig. 11 Graph of ECC/DG got from HFSS/CST

6. Conclusion
A two-terminal radiator with band notch feature has been planned and examined in this communication. Modified
ring slot fed ring dielectric rod provides wideband features i.e. 2.35-3.8 THz. Dual ring patches aligned on the
both side of printed line adds band notch characteristics in between 2.75-3.15 THz. Due to dual orthogonal hybrid
modes, the planned radiator functions in between 2.2-2.65 THz and 3.3-3.7 THz. Presence of DGS in between
two terminal reduces the coupling level to below -25 dB. RF and DNN predicts the |S1;| parameters accurately.

All these features make the planned radiator appropriate for THz built mobile applications.
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