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Abstract

Plasmonic antenna in the form of the panda-ring circuit proposed, which consists of a sili-
con microring with two side nanorings, from which the silicon microring embedded by a
gold grating. The gold grating generated polariton which results in oscillation of plasmonic
wave with plasma frequency, from which the center wavelength shifted to the Bragg wave-
length. The Bragg wavelength at resonance applied for all calculations. By using suitable
parameters, the whispering gallery mode obtained, which is the consequence of trapping of
light inside the silicon microring. In manipulation, the input light of 1.50 pm center wave-
length fed into the system. The input power varied from 3 to 15 mW. The electron densities
are trapped and transported either by cable connection or wireless connection making use
of the whispering gallery mode. For the space—time function, the space function signal is
the dark soliton, which fed into the panda-ring circuit through the input port. The space—
time function was multiplexed using the modulated Gaussian pulse through the add port
where the signals multiplexed by signals of higher frequency circulating within the system.
These results in the formation of the flip flop (clock) signal as well as the spin up and spin
down signals which can transmit via dual-mode operation. By using the spin projection
modulation control, the transmission bit rates of ~40 Pbit s~! is achieved.
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1 Introduction

Plasmonic materials are usually gold, silver, and graphene, which are nanostructured
and known to be optical (dielectric) nanoantenna (Yousif and Samra 2013; Hadadi et al.
2016; Prateekha and Dinesh 2019; Yuan-Fong et al. 2016a, b; Chua et al. 2013). The
plasmonic antenna usually made from these metals, where the plasmon waves from
by the interaction between free electrons on the metals and incident light. The optical
radiation freely propagating is converted into localized energy and vice versa (Novo-
tny and van Hulst 2011; Yuan-Fong et al. 2019; Wayne et al. 2013). The plasmonic
antenna operates in the optical frequency, which is a high-frequency regime where
the penetration of the electromagnetic field through the metal at a depth called skin
depth. The effect of the skin depth illuminated by light the inertial of the conduction
electrons increased, which results in a delay in their response. The light incident the
metal modelled the electrons which couples to the electron plasma, resulting in the for-
mation of rapid oscillation. From which the metallic electrons respond relative to the
incident beam and plasma wavelengths (Youplao et al. 2018; Karnetzky et al. 2018;
Atabaki et al. 2018; Gaetano et al. 2017). The plasmonic antenna has various forms
of different designs, where one of them is the panda-ring circuits (Bunruangses et al.
2019; Shahidinejad et al. 2013; Arumona et al. 2020). It consists of silicon microring
(Radjenovi¢ et al. 2017; Milanovic et al. 2012) with two nanorings at the sides of the
silicon microring. It can use for the dual-mode operation, where the operation modes
such as wireless or cable connections can apply. When it is a wireless connection, the
whispering gallery mode is employed. The whispering gallery mode is the consequence
of trapping and squeezing of light inside a microring. This phenomenon can observe in
silicon microring due to the nonlinearity effect exhibited by the microring. Whisper-
ing gallery mode (WGM) has many applications, in which many researchers have used
this phenomenon for various studies (Punthawanunt et al. 2018; Khomyuth et al. 2018;
Trong and Chang 2017). Another mode is operated by cable connection, in which the
signals transmitted by the fiber network. Pons-Valencia et al. (2019) used the plasmonic
antennas to launch hyperbolic phonon polaritons (HPhPs) in thin h-BN slabs which
enhanced molecular spectroscopy and photodetection. Ummethala et al. (2019) used the
plasmonic modulator in converting data streams from wireless communication at THz
to optical domain in a fiber-optic network. Vahid et al. (2019) made use of plasmonic
nanoantennas that crossed shaped for solar cell applications. Mohammad et al. (2019)
designed a photoconductive dipole antenna using a gold plasmonic nanodisk array. The
quantum efficiency of the photoconductive antenna enhanced as a result of plasmonic
excitation. Vahid and Mahrdad (2019) proposed a new design of plasmonic nanoantenna
that has a bow-tie shape. The plasmonic antenna is useful for tunable broadband, where
the strong electric field applied. Pengfei et al. (2019) used the plasmonic antennas to
enhance Nickel(Il) ions catalysis that is, the plasmonic antenna absorbs light that is
visible intensely resulting in hot electrons produced at the surface which generates an
electromagnetic field that is localized. This property used in enhancing the Nickel(II)
cation catalytic performance. In this work, the plasmonic antenna formed by panda-
ring embedded a gold grating circuit applied for quantum bits generation and transmis-
sion, where the spin projection control applied by the modulated function. The Opti-
wave program employed where the whispering gallery mode formation in the microring
obtained. The panda-ring circuit acts as a plasmonic antenna makes use of dual-mode
operation where the whispering gallery mode is used as a wireless link called light
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fidelity (LiFi) network and as cable network making use of the optic fibre network. The
parameter extracted from the Optiwave program used by the Matlab program making
use of space—time function for quantum bits transmission.

2 Background

The plasmonic antenna in the form of a panda-ring circuit shown in Fig. 1, where the
panda-ring consists of silicon microring embedded with gold gratings at the centre. The
gold gratings illuminated that light produces electrons described by the Drude model
(Derkachova and Kolwas 2007; Tunsiri et al. 2019; Prince 2018). The relationship between
the plasma frequency and electron density given by an Eq. (1).

ew)=1- ne?

1
€gma? M
where the electron density, relative permittivity, mass, electron charge are n, €,,m, e respec-
tively. The angular frequency w becomes plasma frequency (w,) at resonance, which is

written by
5 7-1/2
w, = [ﬁ] @)
€gm

2

From Eq. (2), the electron density n = i The plasmonic wave oscillation is a
consequence of electron density in an electrlc field. Maxwell’s equations give the TM-
polarization along with exponential decay of the electric field.The Bragg wavelength is
related to the wavelength at resonance as Az = 2n,A, where n, and A are the effective
refractive index and grating period respectively. The effective refractive index repre-
sents the grating’s refractive index in the waveguide. The nonlinear Kerr effect is given
in terms of the refractive indices by n = ny +n,1 = ny +n,P/A ;, where nj and n, are
the linear and nonlinear refractive indices, respectively. Optical intensity and power
are I and P respectively. The effective mode core area of the device is A,z. The two

Fig. 1 Schematic of the proposed
silicon microring circuit, where
E,,: input port, E;: throughput
port, E, 44: add port and E: drop
port. Ry: main ring radius, Ry
and R; : side ring radii, K1-K4:
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nanorings at the sides of the silicon microring act as phase modulators, which control
the whispering gallery mode at resonance and through the throughput and drop ports
the normalized intensities are obtained. The normalized intensities are written by

Ilh _ Eth :
]in [Ein (3)

T z “

in in

2
Idrop _ [Ea’rop]

The dark soliton is a space function applied as the input source to drive the gold
grating force, while the modulated Gaussian pulse used as the modulation source,
which can offer the unified space—time configuration for spin control application. From
which the infinitesimal of the phase modulators can arrange the space—time uncertainty
saturation, where space—time the singularity obtained when the space—time uncertainty
saturation achieved. The input field is the dark soliton which is given by an Eq. (5)
(Agrawal 2011).

T Z
E. =B-Tanh| =— L
o=t 1 Jon(57;)

where 4, is the input dark soliton wavelength, which is specified as the first space-function,
where B and z are amplitude and propagation distance, respectively. T is the time of propa-
gation of the solit0121 pulse in a frame moving with group velocity, L, is the length disper-
sion, where L, = T’T" where T, is the initial propagation time. f is the propagation constant
in linear and nonlinear terms.
The Gaussian pulse is used as the modulated source, which is given as:
E,, = DeiiZn(i).t )

i

where 4, is the wavelength of the space—time input. D, candt are the amplitude, speed of
light in the vacuum, and time respectively. The + sign of the exponent term used for the
full-time slot axis, which can apply to have the spin control given by e*® and t=0 for
spin-up and down, respectively.

From Eq. (6) it can be rewritten by an Eq. (7).
B,y = De*'" (7)

a

where w, = 2rxy,, v, = f , is the angular frequency, and y, is the linear frequency. The
2

quantum transmission si%nal is the multiplexed functions of the input and add port signals,

“\®22*05) Where B=B - Tanh(%) exp (%), which is the dark
soliton (space function). By using the synchronous multiploexing con(i)ition, then t=¢, = t5.
w,1, is the phase tm of the multiplexing function, which can set as the initial input that can
be vanished. ﬁ, n=1, 2, 3,... from Eq. (7) the spin number is ig, 1 is the reduced Planck’s
constant. i = =~ and h is the Planck’s constant. In manipulation, the spin term will present
by the full-time slot of the electron transport, where the spin-up and down of the electron
cloud can be distinguished and applied.

which is written by Be
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3 Results and discussion

In the simulation, the plasmonic antenna in the form of a panda-ring circuit shown in
Fig. 1. The input light source of 1.50 um center wavelength fed into the system through
the input port, from which the gold grating is excited by the input light which results in
the oscillation of the plasmonic wave and polariton at a wavelength called the Bragg wave-
length. The whispering gallery mode made is possible formed by the coupling of light
inside the microring with the embedded gold gratings at the center of the silicon microring.
The gold grating is responsible for the shifting of the center wavelength to the Bragg wave-
length. The output signals are usually obtained at the throughput and drop ports. Firstly, in
the manipulation, the 32-bit version 12.0 (OptiFDTD 2019) of the Optiwave FDTD pro-
gram is used and at resonance with a particular wavelength results in the trapping of light
inside the silicon microring. The Optiwave FDTD simulation has a grid size of 0.05 for
Ax, Ay, and Az respectively. The APML (anisotropic perfect matched layer) is employed
in the boundary condition with an APML layer of 15, real tensor of 1.0 and 1.0x 1072
theoretical reflection coefficient. The dimension of the simulation model is 274, 49 and 314
mesh cell size in the X, y, and z-axis, respectively. The total number of 20,000 round trips
used to confirmed resonant results. A high-performance computer of 32 Gb RAM used
for all simulations to ensure accuracy. As shown in Fig. 2, the WGM formed at the cen-
tre of the silicon microring using other parameters in Table 1. The plot of the ratio of the
throughput and drop ports with the varied input power from 3 to 15 mW is shown in Fig. 3.
The results showed a linear trend as the power varied with three different grating periods.
For the first grating period (A1=0.50 pm) there is a sharp increase in the output value at
the drop port as the power changes from 10 to 15 mW due to the reflection of the input
light at this high input power. The parameters extracted from the first simulation that is, the
results of the Optiwave FDTD simulation and used in the Matlab program. From Fig. 4, the
WGM of the resonant output with the outputs at the throughput and drop ports plotted in
the time, wavelength and frequency domains. The centre wavelength of 1.50 um shifted to
the Bragg wavelength of 1.59 um by the gold gratings at the centre of the silicon microring.
The plot of the time function shown in Figs. 5 and 6. The output signals at the throughput
and drop ports are shown, from which the throughput port is the bright soliton, while the
drop port is the dark soliton. The trapped electron cloud (density) formed by the bright and
dark soliton envelops. This kind of scenario is also known as a flip-flop, where the bright
soliton is assigned the logic value of 1 while the dark soliton is assigned the logic value of
0. By using the spin projection control, the trapped electron cloud and no spin projection
of ~4 Pbit s™! achieved as shown in Figs. 5 and 6. The LHS (left-hand side) is spin-down
(red), RHS (right-hand side) is spin-up (blue) of Throughput port with the bit rate of ~ 40
Pbit s~! achieved. LHS is spin-down (red), RHS is spin-up (blue) of Drop port with a bit
rate of ~ 40 Pbit s~ achieved. The quantum transmission can confirm by the electron spin

Fig.2 Graphical results obtained 6.0
by the Opti-wave program, where

the used output is the whisper- 3.0
ing gallery mode (WGM) at

the centre ring of the circuit, X(um) 0.0
where R=2.0 ym, Ry =1.0 pm,

R; =1.0 pm, each ¥ =0.50, Input -3.0

power =15 mW, with the center
wavelength of 1.50 um, and other .
parameters given in Table 1 Z(pm)
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Table 1 The selected parameters of the system used in the simulation

Parameters Values Units
Input power (Bright soliton) P 3-15 mW
Input power (Gaussian pulse) P 3-15 mW
Si-linear waveguide length L 16.0 um

Si center ring radius R 2.0 um

Si small ring radius 1.0 um

Si small ring radius 1.0 pm
Gold dielectric constant (Pornsuwancharoen et al. 2017) 6.9

Gold permittivity (Pornsuwancharoen et al. 2017) 10.0

Gold thickness 0.1 um
Gold length 0.5 um
Gold refractive index (Pornsuwancharoen et al. 2017) 1.80

Coupling coefficient 0.50

Insertion loss 0.01

Refractive index Si (Prabhu et al. 2010) 342

Si nonlinear refractive index) (Prabhu et al. 2010) 1.3x107" m? W
Input light wavelength input port 1.50 um
Modulation wavelength input (Space—time function) 1.30 pum
Waveguide core effective) (Prabhu et al. 2010) 0.30 pm?
Waveguide loss 0.50 dB (cm™)
Plasma frequency (Blaber et al. 2009) 1.2990x 1016 rad s7!
Electron mass 9.11x 107! kg
Electron charge 1.6x107" Coulomb
Permittivity of free space 8.85x107!2 Fm™
Reduced Planck’s constant 1.00 ARU
Planck’s constant 2n ARU

Grating period

0.50, 0.40, 0.30 um

11
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entanglement plot, which shown in Fig. 7. The initial phase degree of 0°-90° applied for
clarity, which zoomed from 50°-90°. The input power varied from 3 to 15 mW shown in
Fig. 6a—c. By using an Eq. (8), the plot of the spin number results is shown in Fig. 8, where
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Fig.4 Shows the plot of the out-
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Fig.6 The plot of the Matlab program for the time function, where the spin-up and down at the throughput
port (blue), at the drop port (red), where the spin packet switching formed with the full-time slot projection.
The throughput port output with bit rate of ~ 40 Pbit s~! achieved. The drop port output with bit rate of ~
40 Pbit s™" achieved
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Fig.7 The plot of the Matlab (a)

program for the entanglement - ——Throughput Port

of the output at the throughput ng —=—Drop Port 3 s
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Fig.8 The plot of the Matlab _
program for the spin number, 3 06
where spin-up and down the = ' E
throughput (blue) port and g 5
drop port (red), where the spin € 05 04 8
packet switching formed with 3 s
the full-time slot projection. The c 0 02 g
throughput port output with bit '”5)- i 2
rate of ~ 40 Pbit s~! achieved. 0.5

The drop port output with bit rate
of ~ 40 Pbit s~" achieved 101 Time(s)

the spin-up at the throughput port and the spin-down at the drop port. The spin packet
switching obtained, which is useful for high-density quantum bits and quantum cellular
automata applications. The LHS (left-hand side) is spin-down (red), RHS (right-hand side)
is spin-up (blue) of Throughput port with bit rate of ~ 40 Pbit s~! achieved. LHS is spin-
down (red), RHS is spin-up (blue) of Drop port with bit rate of ~ 40 Pbit s~' achieved. The
high-density quantum bits can generate and transmit via the spin-wave transmission, where
the spin states distinguished by the time sequence, which is known as a quantum cellular
automata transmission (Wiesner 2009; Trailokya et al. 2018). The spin packet switching
signals of the transmitted and referenced electron cloud can apply for high density quan-
tum bits transmission. The electron cloud at the center is high density due to the intense
optical power and shown by the electron cloud distributed results due to the applied input
power in Fig. 3. The high-density quantum bits can transmit via the spin-wave and detect
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Fig.9 The plot of the plasmonic antenna profile of the center ring, where a the directivity and gain at the
center wavelength, b, ¢ are the plasmonic antenna directivities
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by projection control, where the spin states distinguished by the time sequence, and useful
for high-density bit rates transmission requirement. The electron spin number of the trans-
mission (throughput) and the reference (drop) port, which can relate to the electron cloud
during the quantum cellular automata processing and transmitted bits. In application, the
panda-ring circuit can form the plasmonic antenna, which can apply in a quantum comput-
ing device, quantum sensor, quantum encryption and so much more.

The antenna profile of the present work is shown in Fig. 9. The plot of the directivity
and gain at the center wavelength of 1.50 um is shown in Fig. 9a, where the directivity is
3.03 mW, the gain is 1.43 mW. The plasmonic antenna directivity is 4.81 dBm, and the
gain is 1.55 dBm, as shown in Fig. 9b, c. The directivity and gain are obtained, explained
in Arumona et al. (2020). In principle, the Bragg wavelength formed, and plasmonic waves
generated the plasma frequency. The gold grating generated the plasmonic polaritons and
dipole oscillation at the center of the microring. The resonant light couples into the micror-
ing structure lead the wave propagating at the center microring, from which the plasmonic
antenna is formed. The bit error rate (BER) is simulated for the data transmission of the
system using the AWGN channel. Additive White Gaussian Noise (AWGN) is a commu-
nication channel model usually accompanied by noise. The signal to noise ratio of 10 dB
is employed in the simulation, wherein the signal and noise are input into the transmission
input. The input signals are modulated. The transmitted signals are demodulated and recov-
ered signals retrieved at the end-user. The BER versus Eb/No (Energy per bit/noise spectral
density) graph gives the indication or measures the number of errors or the errors in receiv-
ing the transmitted data. Figure 10 shows that the BER value gives the system’s opera-
tional performance, where the higher BER, the lower the system’s operational performance
obtained. From the calculation, the BER value of 0.39 is obtained. The advantage of this
system is the high bit of data transmission. This system transmitted ~40 Pb compared with
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the following works: Benjamin et al. (2006) system transmitted 10Gbs™!. Jianxun et al.
(2017) system transmitted 160 Gb s~L. Aref et al. (2018) system transmitted 9.04 Mb sl
Douwe et al. (2005) system transmitted 10 Gb sl El-Fiky et al. (2017) system transmitted
168 Gbs™'.

4 Conclusion

The plasmonic antenna in the form of the panda-ring circuit is proposed and manipulated
for high-density quantum bits generation and transmission, which can apply for dual-mode
operation by controlling the two side phase modulators. The dual-mode operation can
either be wireless or cable connections. Principally, the polariton induced by the plasmonic
waves generated by the incident photon to the gold grating at the centre of the silicon
microring, which results in the oscillation of plasmonic wave at the Bragg wavelength. The
polariton induced by the gold grating can be employed to form the plasmonic sensor and
dipole oscillation. The transport of the trapped electron density within the circuit is made
possible via wireless connection making use of the whispering gallery mode and via cable
connection. The trapped electron densities can form the electron spins by the spin control
projection function, which can detect and transmission at the drop and throughput ports. It
is useful for spin-transmission via the spin-wave transmission. By using the full-time slot
spin projection, the spin states can distinguish by the time sequence, which can apply for
the quantum cellular automata processing. The working principle based on the space—time
function synchronous multiplexing, in which the trapped electron densities can apply for
the quantum electronics, spintronics and quantum computer, the generated electron spins
can apply for various applications. The space—time function multiplexed by the modulated
Gaussian pulse through the add port, where the higher frequency circulating within the sys-
tem leading to the formation of the flip-flop (0, 1), spin up and spin down signals, in which
the dual-mode operation can apply via the spin-wave carrier transmission. The required
information can retrieve via the spin projection, where the confirmation between sender
and receiver can confirm by the classical channel. The transmission bit rates of ~40,000
Tbit s=! (40 Pbit s7!) is achieved. By using the full-time slot projection, the quantum cel-
lular automata using the individual electron spin recognition is also possible.
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