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This research aims to improve antenna efficiency in inter/intra-chip opti-
cal wireless communication by utilizing plasmonic materials. The proposed
model uses an AgSi ground plane with a silver-coated silicon cube, which
mitigates interband transition, while enhancing plasmonic resonance. A
planar plasmonic substrate with atomic MoS, on a silver surface acts as a
barrier against unwanted molecule infiltration, preventing interband
transition. A novel bi-rhombic hybrid nanostrip waveguide is introduced,
featuring two parallel rhombic layers with a hybrid Ag—silicon ribbon ma-
terial to mitigate ohmic losses and enhance propagation. The rhombic con-
figuration reduces ohmic losses and optimally amplifies light intensity.
The antenna performance is simulated and evaluated using ANSYS HFSS
2019 R3 software, revealing superior performance compared to conven-
tional models, validating its efficacy in inter/intra-chip optical wireless
communication applications.

Ile mocnimxkeHHs CIPAMOBAHO Ha IIiABUINEHHA e(EKTMBHOCTU aHTEHUW B OI-
TUYHOMY 0e3APOTOBOMY 3B’fA3KYy MisK uimaMmu Ta BCEpPEeAMHI Uinmy ILIAXOM
BUKOPUCTAHHA IJa3MOHHUX MaTepisaiB. 3alpOIOHOBAHUM MOJeJb BUKODPHU-
CTOBY€E 3aszeMJeHy ILTOIuHY AgSi i3 KpeMHilioBUM Ky60M, HOKPUTHUM CPi0-
JIOM, AKHU IIOM’ SAKIIIYE€ MiK30HHUH IIepexilt, OJHOYACHO HOCUJIIOIOYM IIJIa3-
MOHHUM pesoHaHc. [l1acka miasMoOHHA HigKJagmHKa 3 aromapHuM MoS, Ha
moBepxHi cpibya xie Ak 6ap’ep mpoTu HebaskaHol iH@inbTpamii mMoaexy.,
samobirajoun MiK30HHUM Iepexomam. IlpencraBieHo HoBuil 6GipomMGiunHmit
riOpuaHUNE HAHOCMYXXKOBUUM XBUJIEBiZ, AKMU MiCTHUTH ABa IapajieibHi poOM-
6iumi mapu 3 riOpUAHMM MaTepisioM CTPiuKu Ag—KpeMHill I 3MeHIIeH-
HA OMIUHMX BTpAT i IOCcHJIeHHA momupeHHA. PoMmOiuHa KoH(pirypamia sme-
HIITy€ OMiUHi BTpaTu I ONTUMAJIBHO IIiICHJIIOE€ iHTEHCUBHiCTL cBiToa. Edek-
TUBHICTh QHTEHW MOJEJIOETHCSI U OIIHIOETHCA 3a JOIOMOTOI0 ITPOrPAMHOTO
3abesmeuenua ANSYS HFSS 2019 R3, u1o nmokasye Jjininy mpoayKTUBHICTH
TOPiBHAHO 3i 3BUUAWHUMU MOIEJAMU, HiATBepPIKyIOuM ii eeKTUBHICTHL Yy
3aCTOCYBAHHSX OITHUYHOT'O 0e34POTOBOrO 3B’A3KY MiK uimamu.
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1. INTRODUCTION

Wireless communications largely depend on the extensive applica-
tions of antenna designs for microwave and radio wave frequencies.
Optical nanoantennas are less common than traditional antennas
because of their small size. Nevertheless, recently, nanotechnology
and manufacturing advancements have enabled the construction of
frameworks as small as nanometres paving the way for new and im-
proved optical nanoantenna designs [1]. Nowadays nanosize optical
antennas have been proposed for a variety of tasks in the near-
infrared, far-infrared, and visible ranges. Nanoantennas were al-
ready recognized as active and auspicious components in the fields
of sprinkling [2, 3], ability to sense [4, 5], photodetection [6, 7],
thermal expansion [8, 9], inter- and/or intra-chip optical communi-
cations [10, 11], and many others. Additionally, an optical nanoan-
tenna can be extremely helpful in lowering energy usage and ena-
bling faster on-chip optical communication. It is also regarded as a
viable option for photonic waveguide-based connectors for on-chip
Wi-Fi transfer with significant spectral efficiency [8].

Because of the emergence of uses in professional fields such as
augmented/virtual reality, machine learning, vehicle connectivity,
and cloud systems, high computing complexity is currently in de-
mand [9]. Trends in calculation procedures are thus encouraging the
development of Chip Multicore Processors as well as Strong Per-
formance Computing designs, in which various components are
merged to meet the demand for ongoing performance growth. The
communication losses, which occur in wired connections, can be
greatly reduced by using optical wireless nanolinks with nanoanten-
nas [10].

Wireless Network on Chip in optical communication is being
studied as a potential solution to the physical interconnection bot-
tleneck. Optical wireless networks-on-chip had also been studied re-
cently to maintain the major benefits of a Wireless Network On-
Chip with short delay as well as simplified network planning while
relieving the antenna reform process. This is due to obvious issues
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with on-chip assimilation in millimetre-wave antennas [11]. Because
wireless network-on-chip is intended to supplement instead of re-
moving connected remedies, they gain from entire interoperability
with optical, network servers that can be placed on a similar proces-
sor. The design entails several difficult challenges, ranging from
wireless channel modelling and optical antenna design to manage-
ment and avoidance of interfering problems, which invariably arise
because the wireless transmission channel is shared by multiple
simultaneous wireless infrastructures [12].

Some research scenarios based on various antenna configurations
that improve performance are used to analyse the transmission and
effectiveness of the wireless associations in optical wireless net-
works-on-chip. One of its important design components is the an-
tenna that is attached to the optical waveguide since it enables
switching from wireless to wired visual transmission and vice versa
[13]. The optical signal from the input waveguide is radiated by the
antenna at the receiving section into the surrounding medium. The
transceiver then transmits the wirelessly propagating signal to an
output waveguide [14]. The communication efficiency is not per-
forming well, despite the impressive study results for wireless opti-
cal nanoconnections. Therefore, additional research is required to
remove this restriction [15].

The photoconductive terahertz source has far better efficiency
than terahertz sources made on short-carrier-lifetime substrates.
The tight three-dimensional confinement of the optical pump beam
around the terahertz nanoantennas used as radiating elements is the
source’s most novel characteristic. This is accomplished by forming
a nanocavity with plasmonic structures and a dispersed Bragg re-
flector [16]. As a result, a very high, ultrafast current is generated,
which drives the nanoantennas to produce broadband terahertz ra-
diation. Experiment shows that this terahertz generator can create
4-mW pulsed terahertz radiation over the 0.1-4-THz frequency
band with an optical pump output of 720 mW. This is the highest
reported power level for terahertz radiation from a photoconductive
terahertz source, representing an order of magnitude improvement
in optical-to-terahertz conversion efficiency over state-of-the-art
photoconductive terahertz sources fabricated on short -carrier-
lifetime substrates.

The design, optimization, and manufacturing of a plasmon-
assisted terahertz (THz) photoconductive antenna (PCA) for THz
pulse generation at low-power optical pumps are described in this
paper [17]. In the photoconductive gap, a high aspect-ratio dielec-
tric-embedded plasmonic Au grating is embedded. Moreover, the
photoconductor Si;N, passivation and the Al,O; antireflection coat-
ing are used to improve antenna performance. These findings show
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that the plasmonic PCA has a high potential for use with low-power
lasers, paving the way for the creation of portable and cost-
effective THz spectrometers and imaging devices.

This study offers a dependable plasmonic material-based tech-
nique for optical wireless nanoantennas that addresses the difficul-
ties of terahertz signal propagation beyond a few meters. Various
materials, topologies, frequencies, and qualities affect surface
plasmon propagation, and precious metals exhibit considerable opti-
cal loss as a result of interband transitions. Improved information
security, lower power losses, higher plasmonic properties, and less
interference with optical-system components are all dependent on
decreasing side lobes.

In this study, we introduce a novel method where the geomet-
rical, structural, and material properties were enhanced for improv-
ing the directivity and high sensitivity of nanoscale optical wireless
communication to achieve communication efficiency that is higher
than prior methods, even across ultra-long variations. The following
is a description of this research’s primary goals:
the planar plasmonic substrate is designed with MoS, to limit inter-
band transmission, and the AgSi ground plane is constructed using
silver-coated silicon cubes, which tend to reduce interband transi-
tion and improve plasmonic resonance;
to reduce ohmic losses and improve propagation, a novel bi-rhombic
hybrid nanostrip waveguide has been modelled with two parallel
rhombic layers using a hybrid material of Ag with silicon ribbon;
additionally, a graphite spherical resonator is used, where the
spherical structure suppresses the side lobe due to its high efficien-
cy, thermal stability, and radiating properties.

As a result, our work outperforms all current methods, and the
remaining component of this research includes. The literature re-
view for this research is defined in Section 2, and the proposed
technique and its features are described in Section 3. Part 4 sum-
marises the findings and discusses our novel approach. Part 5 con-
cludes our discussion.

2. LITERATURE SURVEY

Using a unified mathematical framework, Nafari et al. [16] re-
viewed and compared magnetic plasmonic nanoantennas for the op-
tical wireless transmitter. This framework takes into account the
metal's properties, such as complex problem conductivity and
transmittance, the propagation features of plasmon resonance polar-
iton signals on the nanoantenna, such as confinement component as
well as transmission duration, and the transmitter geometrical,
such as size as well as diameter. The framework enables the analyti-
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cal calculation of the produced plasmonic power supply during the
reception, as well as the total emitted strength and transmission
performance. The support surface plasmon polaritons (SPP) wave
confinement component has been shown experimentally and numeri-
cally to have a significant effect on the bandwidth and efficiency of
nanoantennas in this study. However, the antenna effectiveness was
decreased by a significant interband transition.

With 6G applications at 474 THz, Alves et al. [17] offered a
technological solution for extremely long intra/inter-chip optical
wireless. Nanoconnections are created by combining two distinct
nanoantennas, horn and plantenna. Four different horn and
plantenna configurations were tested to pick the optimum setup for
broadening the system's capabilities. According to numerical simu-
lations, the optical emitters, as well as receivers, are correctly
planned to offer reduced optical-transmission losses, low replication
coefficient points, great directivity, and great gain, resulting in an
ultra-long intra/inter-chip optical wireless nanolink of 32 and 40
dB advancement in the link budget. However, spreading loss and
absorption in the medium decreased the light-beam intensity.

The presentation by Ahmad et al. [18] of a broadband optical
nanoantenna with a profit of up to 11.4 dBi (dBi=dB(isotropic)) for
a monocomponent transmitter in nanophotonic functionalities will
include a broader variety of optical transmission frequencies (666 to
6000 nm). The proposed antenna-distinguishing feature is a hybrid
plasmonic waveguide-based feed that accepts the optical power from
the planar waveguide as well as directs it away from the plane. As a
result, the proposed antenna has highly directional radiation prop-
erties, making it an excellent candidate for inter- and intra-chip
optical communications and sensing. To increase yield and direc-
tionality, the work was expanded to an array configuration of order
2x1 and 64x1. To get a decent propagation length, the side lobe
might be reduced further.

According to Biswas et al. [19], a modified bowtie plasmonic
nanoantenna based on graphene could have periodic directors pro-
duced by slots above the radiating structure that resonate in the
optical frequency range. Only several optical nanosensors for con-
structing multipath wireless nanorelationships have been mentioned
in the field of nanophotonics. The highest absorption power of the
graphene sheet resulted in the greatest directivity of 9.67 dBi at
the telecommunication frequency of 1550 nm by selecting the chem-
ical potential of 0.5 eV (193.5 THz). A dynamically monitored tri-
ple-directional radioactivity beam was produced using the proposed
graphene-based slotted bowtie optical nanotransmitter. Combining a
collection of our recommended optical metamaterials nanoantennas
with this special nature allows for a multipath intra- or inter-on-
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chip Wi-Fi nanorelationship for secure optical file transfers. How-
ever, it is still necessary to reduce surface plasmon propagation
losses.

A switched-beam nanoantenna for the THz wave domain was
demonstrated by Dash et al. [20]. Based on the Yagi—Uda antenna
architecture, this study presented switched-beam graphene nanoan-
tennas on silicon dioxide (SiO,) substrates. Antenna-I in one scenar-
io can only switch the beam in a 90° direction, whereas Antenna-II
in the other scenario can do so in a 0°, 90°, and 180° directions. By
modifying graphene conductivity through its chemical potential,
reconfigurability is made possible. The planned graphene nanoan-
tenna resonates at a sub-wavelength scale due to the plasmonic di-
rection of propagation in nanomaterials at THz. The nanoantenna is
both pattern and frequency reconfigurable, as evidenced by the pat-
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tern reconfigurability that may be detected over a broad frequency
series. Additionally, the antenna workability may have been im-
proved by using low-loss plasmonic material.

Kavitha et al. [21] built and examined plasmonic nanopatch an-
tennas on graphene. The chemical potential of graphene was utilized
to alter the Kubo conductivity formula, which was used to deter-
mine the conductivity of graphene. Furthermore, the Drude disper-
sive model of graphene exhibits negative real permittivity, which is
required for plasmonic resonance. The created graphene nanopatch
antenna is ideal for terahertz transmission, with a gain of 3.52 dB
at 30 THz. By differing the chemical reactivity, it is illustrated
that the graphene nanoantenna array resounds at a range of fre-
quencies, with three resonating frequencies of 30, 115, and 176
THz being recorded at 1.3 eV chemical potential with adequate fea-
tures. By modifying the square geometry of the graphene nanoan-
tenna array to an L-shape, the antenna gain is nearly tripled. Still,
the bending direction of propagation is a problem that needs to be
taken into account.

As a result, in Ref. [16], there was a significant interband
change, which decreased antenna efficiency. In Ref. [17], expanding
failure and assimilation in the media reduced the intensity of the
light beam. To get a decent propagation length, the side lobe can be
attenuated more [18]. However, the losses in surface plasmon prop-
agation must be reduced [19]. To improve the antenna viability,
low-loss plasmonic material may have been employed [20]. The bend-
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ing direction of propagation is a problem in Ref. [21] that needs to
be taken into account. A unique micro transmitter must be built to
achieve effective inter/intra-chip wireless optical interaction.

3. PROPOSED METHODOLOGY

In large-distance optical wireless communication, beyond a few me-
ters, propagation becomes challenging for terahertz (THz) signals
because of high spreading loss and absorption. Thus, there is a need
to develop a new model, which is highly efficient in transmitting
the information without many losses and propagates the signal to
the wide bandwidth and thereby increasing the nanoantenna radia-
tion efficiency, which can be used for inter/intra-chip optical wire-
less communication. This research proposes to utilize plasmonic ma-
terial to improvise the antenna efficiency. The conventional nanoan-
tenna utilized plasmonic metals such as gold and silver, but still,
they exhibit certain optical loss due to the interband transitions
leading to high spreading loss and absorption in the media causing
low antenna radiation efficiency. This research overcomes the inter-
band transition issue by utilizing a distinctive material combination
with the AgSi ground plane, which is made up of a silver-coated sil-
icon cube. The silicon coating tends to mitigate the interband tran-
sition and boost the plasmonic resonance along with silver. Then a
planar plasmonic substrate is fabricated with an atomic MoS, layer
on a silver surface. This MoS, monolayer prevents undesired mole-
cules from penetrating and prevents interband transition. The ex-
istence of the MoS, layer in the silver film can potentially enhance
surface plasmon resonance (SPR) sensitivity and stability. Moreo-
ver, a variety of materials, geometries, and their respective proper-
ties induce the formation of ohmic losses in surface plasmon propa-
gation. Due to an increase in ohmic losses, the propagation length
of surface plasmons becomes shorter, which restricts the electric
field to penetrate deeper into the metal reducing the radiating
properties. Thus, a novel bi-rhombic hybrid nanostrip waveguide
has been modelled, as shown in Fig. 1, with two parallel rhombic
layers utilizing a hybrid material of Ag with silicon ribbon to miti-
gate ohmic losses and enhance the propagation. The rhombic struc-
ture diminishes ohmic losses and the nanostrip waveguide strength-
ens the intensity of light in an optimal magnitude.

Furthermore, it is also necessary to reduce the side lobes for de-
creasing interference with components in an optical system thereby
producing high plasmonic features, as well as obtaining high
transmission and lowering power losses. Thus, a graphite spherical
resonator is being used, where the spherical structure suppresses
the side lobe because of the high efficiency, and thermal stability of
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Bi-Rhombic hybrid
nanosrtip waveguide Graphite spherical
resonator

s

\-4

Planar plasmonic substrate

Fig. 1. Block diagram for nanoantenna design.

graphite and lowers the losses at optical frequencies, owing to the
significant field confinement.

Thus, the proposed plasmonic nanoantenna mitigates losses and
propagates the signal to a wide bandwidth and thereby increasing
the nanoantenna radiation efficiency.

3.1. Design Specification of Proposed Nanoantenna

The proposed antenna consists of a resonator and waveguides 1 and
2 with a substrate. The nanoantenna was designed in HFSS with the
following parameters to define the performance of the proposed
plasmonic antenna. The resonator was designed with a radius of
r=50 nm; the waveguide 1 and 2 are designed symmetrically and
identically with length and width of L =396 nm and W =200 nm,
respectively. The angle between two adjacent sides of the rhombus
is taken as ¥ = 30°.

The complete visual of our proposed antenna is shown in Fig. 2.
AgSi serves as a ground plane, where the silicon is coated with sil-
ver, which makes up the antenna. The atomic structure of MoS, is
formed on the silver surface. Next, both parallel waveguides made
of bi-rhombic hybrid nanostrips and a spherical resonator are em-
ployed. Our antenna model thus consists of an excitation field that
is 10 nm in size and a feed line that is 12 nm (FL) in length and 10
nm in width (FW).

The substrate is designed with length, width, and thickness of
L=900 nm, W=500 nm, and T =12 nm, respectively. The air-gap
thickness between adjacent layers is taken as ¢; =1 nm and the air-
gap from the substrate and waveguide and in-between the wave-
guides are taken as #,=0.2 nm and #;=3 nm, while substrate Ag
and MoS, have the same characteristics: L=900 nm, W =500 nm,
T =140 nm, and #,=7 nm.

For a working frequency of v=330 THz (A =909 nm), the geo-
metrical parameters for the antenna designs were optimized. Plas-
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Fig. 2. Top view of the proposed antenna.
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Fig. 3. Front view of the proposed antenna.

monic nanostructures were thought to be constructed of AgSi sub-
strate with permittivity ¢.=2.28 and thickness 2 =150 nm, all of
which were considered as critical parameters. To mimic a ground
plane, the substrate was terminated with an AgSi boundary condi-
tion, as seen in Fig. 3.

3.1.1. Plasmonic Material Integration

The AgSi material is a composite of silver and silicon, where the
silver provides the high conductivity needed for the ground plane,
and the silicon provides mechanical strength and thermal stability.
The proposed method uses AgSi ground planes, which serve as the
bottom layer of the antenna. The ground plane provides a low-
impedance path for the return current, which is important for re-
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ducing signal distortion and ensuring proper signal integrity. One
advantage of using AgSi ground planes is that they offer low-loss
performance at high frequencies, which is critical for nanoantenna.
AgSi ground planes also have a high thermal conductivity, which
can help dissipate heat generated.

Thus using AgSi ground planes for nanoantennas, creates a low-
loss substrate material that supports the antenna structure while
also minimizing any interference or scattering from the ground
plane. AgSi is an excellent choice for this application because it
provides a low-loss material with a high conductivity that can sup-
port the antenna structure.

Overall, the combination of low-loss performance, high thermal
conductivity, mechanical stability, compatibility with fabrication
techniques, and smooth surface makes AgSi ground planes an at-
tractive choice for nanoantenna applications.

3.1.2. MoS, Monolayer

MoS, (molybdenum disulphide) is a two-dimensional material that
has attracted significant attention in recent years due to its unique
electronic and optical properties. MoS, layer is used as a planar
plasmonic substrate in conjunction with silver surfaces to create a
nanoantenna that can manipulate light at the nanoscale in this re-
search.

Moreover, a MoS, layer is deposited on a silver surface; it can act
as a dielectric spacer layer that enhances the plasmonic properties
of the silver surface. Specifically, the MoS, layer can support sur-
face plasmon polaritons (SPPs), which are collective oscillations of
free electrons at the metal—dielectric interface. The SPPs can be ex-
cited by incident light, leading to enhanced electromagnetic fields
and light—-matter interactions at the interface. In addition, a major
advantage of using a MoS, layer on a silver surface as a planar
plasmonic substrate is that it can provide greater control over the
plasmonic properties of the silver surface. By adjusting the thick-
ness and dielectric properties of the MoS, layer, the frequency and
intensity of the SPPs can be tuned, enabling the design of plas-
monic devices with specific optical properties.

Additionally, MoS, layers are chemically stable and can withstand
high temperatures, making them compatible with a range of fabri-
cation techniques, including lithography and electron-beam deposi-
tion.

Overall, the use of MoS, layers on silver surfaces as planar plas-
monic substrates offers a promising approach to designing and fab-
ricating plasmonic devices with enhanced light—-matter interactions
at the nanoscale.
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3.1.3. Novel Bi-Rhombic Hybrid Nanostrip Waveguide

The bi-rhombic shape of the waveguide allows for a more efficient
coupling of light from the nanostrip into free space, which is im-
portant for applications such as nanoantennas. By using a bi-
rhombic hybrid nanostrip waveguide as part of a nanoantenna, it is
possible to achieve higher efficiency and stronger light—-matter in-
teractions.

The bi-rhombic shape of the waveguide can provide better con-
finement of light within the waveguide, resulting in higher intensi-
ty fields and stronger light—-matter interactions. The bi-rhombic
shape of the waveguide improves the coupling of light from the
waveguide into free space, leading to more efficient light extraction
and better radiation patterns. In addition, the bi-rhombic shape has
specific resonant properties, allowing for precise control of the in-
teraction between light and matter, where the resonance effects can
be used to enhance absorption, scattering, or emission of light by
nearby particles or molecules. Overall, the bi-rhombic structure
serves as a versatile and effective tool for waveguides in nanoan-
tennas, offering improved light confinement, and enhanced cou-
pling to free space, tuneable resonant properties, and compatibility
with nanoscale components.

The rhombic geometry allows, for more efficient utilization of
the available space, enabling longer signal propagation paths. This
extended path length results in reduced ohmic losses, as the elec-
tromagnetic fields experience less resistance along the transmission
route. In addition, the rhombic geometry offers more degrees of
freedom in design compared to traditional straight waveguides.
This flexibility allows for better optimization of the waveguide pa-
rameters to match specific operational requirements. Furthermore,
the geometry of the rhombic waveguide can be adapted to support
multimode propagation, allowing for the transmission of multiple
signals simultaneously. This can increase data throughput in com-
munication systems.

3.1.4. Graphite Spherical Resonator

Numerous resonator geometries are being examined to seek dielec-
tric resonators with desirable properties. It has been discovered that
optimum geometries may have a broader bandwidth or superior lin-
ear polarisation properties. Due to the benefits and appealing quali-
ties of a spherical resonator, such as their small weight, low cost,
and very broad impedance bandwidth, the spherical resonator an-
tennas have drawn more attention from antenna designers as a po-
tential solution for inter/intra-chip wireless communication.
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It is effective to employ graphene as a resonator for antennas be-
cause it allows for extreme miniaturization, homogeneous integra-
tion with graphene, effective dynamic tuning, and even transparen-
cy and mechanical flexibility. A potential material for the creation
of miniature resonant THz antennas is graphene. Remarkably, even
with straightforward geometries, strong direct matching to THz
may be accomplished by utilizing a simple dipole-like plasmonic res-
onator. With the incredibly tiny electrical size and high radiation
efficiency, the results are comparable.

4. RESULTS AND DISCUSSION

This research introduces a groundbreaking approach to enhance
significantly antenna efficiency in inter/intra-chip optical wireless
communication through the innovative utilization of plasmonic ma-
terials. A central challenge addressed in this work is the mitigation
of interband transition phenomena, which often undermines overall
performance. The proposed model unveils a unique and robust solu-
tion by introducing an AgSi ground plane composed of a silver-
coated silicon cube. This incorporation of a silicon layer not only
effectively counteracts interband transitions but also synergistically
amplifies plasmonic resonance alongside silver. Moreover, the study
meticulously designs and fabricates a planar plasmonic substrate,
characterized by the strategic deposition of an atomic monolayer of
MoS, onto a silver surface. This layer of MoS, plays a pivotal role
as a defensive barrier, effectively thwarting unwanted molecule
penetration and successfully suppressing interband transition ef-
fects. In the pursuit of practical implementation, the research pio-
neers a novel bi-rhombic hybrid nanostrip-waveguide configuration.

This innovative design integrates two parallel rhombic layers, in-
geniously incorporating a hybrid material composition of silver and
silicon ribbon. This arrangement is engineered to mitigate meticu-
lously ohmic losses, thus significantly enhancing propagation effi-
ciency. The geometric attributes of the rhombic layers decisively
contribute to the reduction of ohmic losses, while the nanostrip
waveguide component harmoniously intensifies light propagation to
an optimal magnitude. The comprehensive nature of this research is
exemplified through a rigorous series of experiments, simulated us-
ing ANSYS HFSS 2019 R3 software. Comparative analyses against
conventional antenna models were exhaustively undertaken, une-
quivocally showcasing the superior performance achieved by the
proposed antenna configuration. These robust experimental results
decisively underscore the viability and practical significance of the
proposed methodology in advancing the domain of inter/intra-chip
optical wireless communication systems. For applications in optical
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wireless nanolinks, the radiation characteristics of nanoantenna
types are to be examined. To determine the associated directivity
patterns, we employ a far-field boundary that is A/2n (= 100 nm)
away from the nanoantenna.

4.1. Hypothesis

The hypothesis of this research is that the strategic integration of
plasmonic materials and innovative structural designs can lead to a
significant improvement in the efficiency of antennas for in-
ter/intra-chip optical wireless communication. By utilizing plas-
monic materials such as silver-coated silicon and MoS, combined
with novel waveguide configurations, it is postulated that the in-
terband transition issues and ohmic losses commonly encountered in
such communication systems can be effectively mitigated. This, in
turn, should result in enhanced antenna performance, opening new
possibilities for more efficient and reliable optical wireless commu-
nication within and between the microchips.

4.2. Scientific Justification

The scientific justification for the proposed method lies in its syn-
ergistic integration of plasmonic material properties, barrier effects
of MoS,, advanced waveguide design, and rigorous simulation-based
analysis. Through the careful consideration of these principles, the
proposed method aims to mitigate known limitations and challeng-
es, offering a comprehensive approach to improving antenna effi-
ciency in optical wireless communication within the microchip envi-
ronments.

4.3. Performance Analysis

The performance of the proposed antenna is analysed with various
parameters and discussed in detail in the following section.

4.4. Electric Field

Figure 4 depicts the electric field of the antenna design for our
proposed antenna design. The field depicts the physical area, which
encircles electrically conducting particles and imposes power on all
other energetic particles in the line of work, trying to attract them.
Electric charges with different amplitudes are the sources of elec-
tric fields.
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Fig. 4. E-field.

The electric field of a nanoantenna is obtained to be 9.4731-10°
V/m that is strong enough to efficiently couple with the incident
radiation and induce resonance in the antenna, but not so strong,
that it may lead to material damage or excessive heating. In this
research, the utilization of MoS, material with high permittivity
enhances the electric field of the antenna; in addition, the plas-
monic materials with high conductivity reduce the losses in the an-
tenna and improve its performance.

4.4.1. Radiation Pattern

In general, high radiation efficiency is desirable for a nanoantenna
to convert efficiently the input signal into radiated power. Radia-
tion patterns are diagrammatic characterizations of the transmis-
sion of radiated energy into space as a function of manner. The op-
timum radiation efficiency of a nanoantenna depends on a variety
of factors such as its size, shape, material properties, and the wave-
length of the incident radiation. The radiation efficiency of a nano-
antenna is defined as

The radiated power

Radiation efficiency = .
The output power

Figure 5 depicts the patterns of radiation on the XYZ plane, and
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the calculations were done with a working frequency of 330 THz
and a wavelength of 909 nm. The proposed antenna violet colour
depicts the magnetic gain field following a phase shift of 90 de-
grees, and its red colour represents the complete gain electric field
at 0 degrees. To achieve high radiation efficiency, plasmonic mate-
rials are utilized in the design of nanoantennas, which enhanced the
radiation efficiency by enabling strong coupling between the anten-
na and the incident radiation.

The radiation efficiency of our proposed model is shown in Fig.
6. With the X-axis in THz and the Y-axis in dB, the graph shows
that the proposed antenna starts to have a gradual increase in effi-



INTER/INTRA-CHIP OPTICAL WIRELESS COMMUNICATION 863

ciency from 150 THz and achieves —11 dB at 329 THz, and then, we
can also observe a steady increase in the radiation efficiency as the
frequency approaches 350 THz.

4.4.2. Gain

The gain of a nanoantenna is a measure of its ability to convert in-
put power into radiated power in a particular direction. The opti-
mum gain of a nanoantenna would typically be the highest possible
gain that can be achieved while meeting the other requirements,
such as bandwidth, polarization, and radiation pattern.

The proposed approach gain is illustrated in Fig. 7, which shows
a plotted 2D curve of gain value 9.3 dB at 329.6 THz of frequency.
To achieve high gain in the proposed nanoantenna, several design
techniques are used, such as increasing the antenna size, utilizing
optimized bi-rhombic shape and structure, using high-permittivity
materials, and employing better feeding and excitation with a reso-
nator.

The 3D gain of our proposed method is depicted in Fig. 8. We
achieved maximum gain using our method at 329 THz. It shows
how the antenna radiates electromagnetic energy in different direc-
tions and can help visualize the directivity and gain of the antenna.
The proposed high-gain antenna can improve signal quality and re-
duce interference, leading to better data rates and network perfor-
mance. In sensing applications, high-gain antennas can improve the
sensitivity and resolution of the system by focusing the radiation in
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Fig. 7. 2D plot of gain.
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Fig. 8. 3D plot of gain.

a particular direction.

4.4.3. S-Parameters

S-parameters, or scattering parameters, are widely used in micro-
wave and RF engineering to characterize the behaviour of linear
electrical networks, such as antennas, amplifiers, and transmission
lines. These parameters provide valuable insight into how energy is
transmitted and reflected within the system. Understanding S-
parameter curves from a physical perspective is essential for de-
signing, analysing, and optimizing these systems. A typical S-
parameter curve is represented on a complex plane, with the real
part on one axis and the imaginary part on the other. The S-
parameters of a nanoantenna refer to the scattering parameters or
the reflection and transmission coefficients of the antenna. The S-
parameters describe how electromagnetic waves are scattered or
transmitted by the antenna, when it is excited by an incident wave.

In Figure 9, the S-parameter for our method is shown, which re-
fers to the reflection coefficient of the antenna, which measures the
amount of energy that is reflected from the antenna, when it is ex-
cited by an incident wave.

Frequency is considered from 0 to 350 THz, while S;; of about
-7.56 dB is obtained, which shows low reflection loss. A low reflec-
tion coefficient (S;;) indicates that a small portion of the incident
energy is reflected from the antenna, while the majority of the en-
ergy is transmitted or absorbed by the antenna.
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Fig. 10. Z-parameter.

4.4.4. Z-Parameter

The Z-parameters of a nanoantenna refer to a set of four complex-
valued parameters that describe the input—output relationship of
the antenna in terms of its impedance properties. The Z-parameters
of a nanoantenna are important for understanding how the antenna
interacts with the electromagnetic fields of the surrounding envi-
ronment, and for optimizing the performance of the antenna.
Figure 10 shows the Z-parameter of our proposed antenna model.
The frequency was considered optimum between 0 to 350 THz and
the Z,; was found to be minimal with 11.49 dB at 70 THz and
raised to 21.03 dB at 300 THz. Thus, the obtained Z-parameters
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show a better impedance matching of the antenna to the source with
the proposed plasmonic material. Thereby ensuring efficient energy
transfer and minimized reflections, which are important for opti-
mizing the antenna performance in a real-world application.

4.4.5. Accepted Power

A nanoantenna is designed to operate in the optical region of the
electromagnetic spectrum, where the incident radiation has a high
energy density. As a result, the power that can be absorbed by the
antenna should be quite high, typically on the order of microwatts
to milliwatts. The accepted power in a nanoantenna refers to the
maximum power that the antenna can handle without damage, and
it depends on several factors, including the material properties and
geometry of the antenna, the frequency of operation, and the envi-
ronmental conditions.

Our proposed-method accepted power is shown in Fig. 11. The
graph describes that at the frequency of 330 THz, the accepted
power seems to be of 0.80 V/m. This shows that the optimum ac-
cepted power of a nanoantenna establishes a trade-off between max-
imizing the efficiency of energy conversion and minimizing the risk
of damage to the antenna or the surrounding environment.

4.5. Comparative Analysis

A comparative analysis of radiation efficiency vs frequency of a
nanoantenna for varying angle can be useful in understanding how
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Fig. 11. Accepted power.



INTER/INTRA-CHIP OPTICAL WIRELESS COMMUNICATION 867

e 100

é’ 90

o 80

g

g 70

I 60

¢ 4

g 50

= 3 1—0 deg.

g 40 2——90 deg.

83——180 deg,

g 0 2—370 deg.

20

10 20 30 40 50 60
Frequency, THz
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the performance of the antenna changes with respect to the angle of
incidence and the operating frequency. The radiation efficiency was
compared with a frequency of 10 to 60 THz for various angles of
rotation (J) as shown in Fig. 12. The graph was plotted with the
values obtained from HFSS analysis. The graph depicts that the op-
timum radiation efficiency is obtained in 180°. When the angle of
incidence changes, the radiation pattern of the antenna also changes
that affects the radiation efficiency. At the same time, the operat-
ing frequency of the antenna also affects the radiation efficiency,
as the antenna dimensions and shape are optimized for a specific
frequency range.

The impedance of an antenna is a measure of the opposition to
the flow of current in the antenna, and it affects the efficiency of
power transfer between the antenna and the source or load. The im-
pedance of the proposed method is compared with the frequency of
10 to 35 THz for different angles of an antenna as shown in Fig.
13. The graph clearly shows that as the angle increases, the imped-
ance related to frequency also increases. The results of the analysis
provide insights into the optimal angle and frequency range for the
antenna to achieve matching impedance with the source or load,
which maximizes the power transfer efficiency.

The results of the comparative analysis between electric field and
varying angle provides insights into the optimal angle and frequen-
cy range for the antenna to achieve a strong and directional electric
field, which maximizes the radiation efficiency and the signal
strength. The electric field based on the varying angle with fre-
quency ranging from 10 to 60 THz is examined and the graph has
been plotted. Figure 14 shows that the angle deviation generally re-
duces the electric field. The graph depicts a minimum of 250 V/m
of electric field even at maximum angle variation.
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The S;; parameter of the proposed method is compared with DRA
(Spherical Dielectric Radiation Antenna) [22].

Figure 15 depicts that the reflection of an antenna is minimum
between the frequencies of 440 to 560 THz. The proposed nanoan-
tenna has a lower S;; parameter than the conventional antenna over
a certain frequency range that indicates that the nanoantenna has a
better impedance match and higher energy transfer efficiency in
that range. Thus, the proposed antenna is superior to the conven-
tional design based on the S;; parameter and has the potential to
provide better performance than conventional antennas due to their
smaller size, higher radiation efficiency, and unique properties,
such as plasmonic resonance.
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The above graph depicts that the proposed antenna gain is higher
than the DRA (Spherical Dielectric Radiation Antenna) as shown in
Fig. 16.

The proposed nanoantenna has a higher gain than the conven-
tional antenna in a certain frequency, it indicates that the nanoan-
tenna can radiate more energy within the frequency and is more ef-
fective at directing the energy of the signal. This shows that the
proposed antenna have the potential to provide higher gain than
conventional antennas due to their smaller size and ability to gener-
ate and control surface plasmons. Thus, when compared to the con-
ventional one and thereby, the applicability of the proposed antenna
is higher. However, while simulations demonstrate improved per-
formance, real-world results might deviate due to factors such as
manufacturing tolerances, non-ideal material behaviours, and fabri-
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cation limitations. The study may not account for all possible ex-
ternal influences and interactions that the antenna system might
experience in dynamic operational environments.

5. CONCLUSION

The robust plasmonic nanoantenna design for intra/inter-chip opti-
cal wireless communication has been proposed and mathematically
demonstrated with ANSYS HFSS simulation, which operates at a
frequency of 330 THz and is intended for 6G applications. Our pro-
posed approach is very effective in communicating successfully the
data without significant losses and propagating the signal to a wide
bandwidth, hence enhancing the nanoantenna radiation efficiency.
Our model results in an increased gain, efficiency, transmission co-
efficients, impedance properties, and accepted power. The proposed
antenna also outperformed the conventional techniques with an in-
crease in efficiency of 11.57 dB and a gain of 9.3 dB, thus, proving
the applicability of the proposed plasmonic antenna design in 6G
inter/intra-chip optical wireless communications. The future of
chip-level optical wireless communication lies in advancing robust
plasmonic nanoantenna designs for both inter and intra-chip com-
munication. These innovations promise ultra-high-speed data trans-
fer within the integrated circuits, enhancing performance and ena-
bling the next era of efficient and compact computing systems.
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