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Various soliton modulated signal A waveguide configuration of Panda-ring resonator
categories are numerically studied. —L ; I i

The proposed system is a modified

micro-optical add-drop multiplexer.

The cross phase modulated signals

induced into the main ring by the

two side rings can give more signal complexity, which can lead to having the securely
transmitted signal requirement. The high optical power obtained from the soliton aspect can
give long-distance communication, where the required frequency band can be improved and
suitable for the required applications. For an instant, the use for the side road connection of
the vehicle-to-everything (V2X) can be implemented in either cable or wireless(free-space)
connection. The results obtained have shown promising applications such as free-space
transmission link in both above and underground nodes, quantum cryptography, and
communication security based on nonlinear aspects. Moreover, the electro-optic conversion
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can also be used by the stacked layers of silicon-graphene-gold, in which the signal
conversion can be applied suitably.
Keywords: Nonlinear device, Soliton communication, Soliton modulation, Add-drop

multiplexer, Free-space communication
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1. Introduction

Light-Fidelity (LiFi) is an important wireless technology in infrared and visible light
spectrum communications for high data rate transmission [1-5]. Nowadays, it is considered to
be a part of the visible light communication IEEE 802.15.7 standard [6, 7], which is attracting
both industrial and academic researchers. LiFi is a networking paradigm that presents high-
performance enhancements because it is an attractive backup option to be used for
networking setup on the internet of things and its indoor capabilities [8-10]. Li-Fi enables the
transmission of data through illumination by using a light-emitting diode with a light bulb that
varies in intensity. Advantages of LiFi are high transmission data rate up to 10 Gb/s, intolerant
to disturbances, more secure, integrated into medical devices, high transmit/receive power,
high broad-spectrum bandwidth, a high device to device connectivity, and it can be used in
all locations in compared with radio waves [11-13]. LiFi systems use the following
modulation techniques that are named on-off keying, variable pulse position modulation,
color shift keying, subcarrier inverse pulse position modulation, frequency shift keying, and
subcarrier index modulation orthogonal frequency division multiplexing [14-18]. Vehicle to
everything (V2X) communications refer to schemes for passing information flows in different
applications of intelligent transportation information systems, which related to information
traffic safety, operation efficiency and basic automated driving [19-22]. As well as V2X
includes vehicle to vehicle (V2V), a vehicle to the network (V2N), a vehicle to Pedestrian
(V2P), and vehicle to road infrastructure (V2I) communications. There are V2X communication
technologies such as IEEE 802.11p, which is an adaptation of the IEEE 802.11 standard to
address dynamic vehicular environments, and 3GPP C-V2X, which has been introduced in
Release 14 of the long-term evolution standard [23-27]. There are many applications in
vehicular networks which are divided into road safety and traffic efficiency with different
performance requirements [28-30]. Vehicle-to-vehicle communications outline road safety
applications requires low time delay quality of service and high system reliability [31-33]. In

this article, the use of soliton modulation within a tiny device known as a nonlinear add-drop



SNRU

,J lmlml Journal of Industrial Technology and Innovation 1(1) (2022) 246558

multiplexer, which is a microring integrated circuit. The circuit is designed with practical
parameters, where the computational results have been demonstrated and discussed for
free-space transmission. The input carrier is modulated by the external source, which is a
soliton via the add port, from which the multiplexed output can be applied to link with the
long-distance transmission in either cable or free space. The required output can be filtered
and obtained by the drop port output. It is suitable to link between the communication
nodes of the side road of the vehicular-to-everything, where the channel capacity of the 5G
is required. The information security concept is also available, which can be added and
retrieved via the device ports. The node itself is the plasmonic antenna, in which the
electro-optic conversion is available for both applications. The results obtained have shown

interesting features that can be reliably used for V2X applications.

2. Theoretical Background

The nonlinear microring is configured to form the free-space side road transmission,
which is a capability fabrication structure. Of course, the high power and broadband are
required for such an application. We have proposed to use the optical circuit as shown in
Figure 1, while the applied light source and modulator are given by the following details. The
nonlinear microring is configured to form the free-space side road transmission, which is a
capability fabrication structure. Of course, the high power and broadband are required for
such application. We have proposed to use the optical circuit as shown in Figure 1, while the
applied light source and modulator are given by the following details. The configuration of a
modified nonlinear microring add-drop multiplexer known as nonlinear Panda-ring resonator
is demonstrated in Figure 1. The nonlinear response of light through Panda-ring resonator is
studied under various input pulses including continuous wave, dark and bright soliton. The
general form of the Gaussian pulse, bright soliton, dark soliton and plane wave are given by

the following equations.

A
IDGaussian =N Zaz[ 2/102], (]_)
Pyrgn = V2@ Sech? (\/2a2 /1), )
P..« =+2a’ Tanh® (\/Zaz,l), (3)

27i

—[x-ct
PPW:VzaZKl[ ]], (4)
where a represents the optical field amplitude, A shows the wavelength and 4, is the

center wavelength of the input light. The direction of light propagation is displayed by X, the
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speed of light and time are shown by ¢ and t, respectively. The resonant condition can be
obtained when the effective refractive index being equal to an integer number of the input
lisht wavelength n,L=mA. Two beams of light simultaneously fed into the Panda-ring
resonator via up and down coupling regions (k;, and k,) are as shown in Figure 1. Based on
the coupling strength of each coupling region, k,, a fraction of the input light
iS, =im will couple into the main ring of the Panda-ring and the remaining portion
(1 7n)( ) goes straight to the output port. Here, y,(n=12,R,L) corresponds to

the intensity loss, and k,(n=12,R,L) denotes the coupling strength in each coupling region.
According to the scattering matrix method [34], the following relationship can depict the
electric fields inside the Panda-ring resonator.

E,, =C.E,, +iS,E, ¥/

E, =iS,E, +C.EL ¢,

E, = C,Es4/¢, +iS,E
Eyp =1S,E4/<, +C,E g
E, =CE ¢, +iS;E S,
E, =iSgE,4/<, +CrEole
E, =C.E, ¢, +iS.Eol,
E, =iS,E, 4/¢, +C ol
Here, £ corresponds to the optical attenuation rates in each ring which is given by

[35, 36, 37]

—aly=i2znN L /2

¢, =¢ p=LR,L (6)

where 1, R and L refer to the main ring, lateral small rings at right and left side of the
Panda-ring resonator, respectively. Here a is the waveguide loss for whispering callery
modes, L, L, ,L; are the circumferences of the main, left and right microrings in the system.
The mode orders of the main, left and right microrings are demonstrated by N,,N,,Ng,
respectively. The waveguide refractive index is given by n=n;+n,l / A; where ny,n,, 1 and

Ay are the linear refractive index, the nonlinear refractive index, the optical intensity and

the effective mode core area of the rings, respectively.
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Figure 1: A waveguide configuration of Panda-ring resonator, where E,; ,E,,E

in?

apr Eaga @r€ the
electrical fields of the input, throughput, drop and add ports, R, and R, are the ring radii of
the left and right rings, respectively. k;,k,,k_,k;: the coupling coefficients are. E;: the

electrical fields. The main ring is the GaAsInP-InP, the side ring is a silicon-on-insulator (SOI).

3. Simulation Results

A modulated soliton source using a Panda-ring circuit is formed by the GaAsInP-InP
material waveguide, where the main and side rings are by SOI materials. The GaAsInP-InP ring
of the Panda-ring (main ring) has a linear refractive index of ny is 3.34, a nonlinear refractive
index is 1.4x10'® mAw ! [36] with radius of R, = 4 um, the effective mode core area of A4 =
0.1um?, the coupling strength of k, =k, =0.1, the coupler loss and the waveguide field loss
coefficient of »=0.01 and a =10 dBcm™, respectively. The small lateral rings have the radii
of Ry =R, =1 um, where the linear and nonlinear refractive indices of 3.48 and is 14.5 x10*®
m?w ! [38], respectively. The coupling strengths, coupler losses, and the effective mode core
area of the small rings are the same as the main ring. However, the silicon-on-insulator
waveguide applied in small lateral rings has the field loss coefficient of a=20dBcm™. The
simulation results are obtained using the MATLAB program. The resonant results are obtained

with the 20,000 roundtrips.

3.1 The first category

A bright soliton with center wavelength of A, =1.5um entered into the input port and
at the same time, a Gaussian pulse with 4, =1.5pum fed into the add port of the proposed
Panda-ring system. The used parameters are as shown in Table 1. The effect of nonlinear
refractive index can be detected after 20,000 round trip propagation of both signals via

Panda rings and the nonlinear Kerr effect leads to the detection of chaotic output signals.
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The change of refractive index brings about the change in the phase shift of the propagating
pulse, which causes a nonlinear Kerr effect. This nonlinearity inside the ring resonator causes
the generation of chaotic output signals as shown in Figures 2(b) and 2(c). The Gaussian and
bright soliton are applied in the frequency domains, where the Panda-ring’s output
frequency responses are simulated as shown in Figure 3. The normalized output to input
powers versus wavelength and frequency are shown in Figure 4. The signals are chaotic and
the maximum peak round wavelength of 1.5 pm corresponds to the frequency range of 200
THz. The signals in time domains can be achieved by taking fast Fourier transform (FFT) from
the results of frequency domain as simulated in Figures 5-7. The input Gaussian beam, Bright
soliton at add port, the chaotic signals at through and drop ports are simulated in the time
domain in Figure 5. Results in Figures 5, 6 and 7 are simulated for a time span of
0-10,000 ps, 0-300 ps, 3000-3100 pm, respectively. The nonlinearity response of an optical
device can be monitored by considering the response of the system at the output port
against the input port response. For this sake, the response of the Panda-ring resonator is
simulated as shown in Figure 8. The system will be chaotic in all ranges and by increasing the

input power, the chaotic peaks in the output power also get intensified.

Table 1: The used bright and dark soliton system parameters.

Device Materials Units | GaAsInP-InP (Main ring) | Silicon (Side rings)
Reflective index(n,) - 3.34 3.48
Reflective index(n,) m?w?! | 1.4x107 1.45x107*8
Ring radius pm 4.0 1.0
Coupling constant(K) - 0.1 0.10
Waveguide loss dBmm™ | 0.01 0.01
Wavelength(Z) um 1.50 1.5
Coupling loss(a) dB 10 20
Affective core area (A, ) | um? 0.10 0.1
Number of round trips - 20,000 20,000
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Figure 2: The signal responses versus wavelength, where(a) a Gaussian beam fed into the
input port, (b) bright soliton in add port, (c) chaotic signal at through port, and(d) chaotic
bright soliton at drop port.
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Figure 3: The frequency responses of Panda-ring resonator, where (a) a Gaussian beam fed
into the input port, (b) bright soliton in add port, (c) chaotic signal at through port and (d)
chaotic bright soliton at drop port.
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Figure 4: The normalized power versus wavelength, where (a) drop power to input power

ratio, (b) chaotic signals of the through port to input power ratio. The frequency responses of

Panda-ring resonator, where (c) drop power to input power ratio, and (d) chaotic signals of
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Figure 5: The signals in the time domain (time span 0-10,000 ps) of a Panda-ring resonator for

(a) Gaussian beam fed into the input port, (b) bright soliton in add port, (c) chaotic signal at

through port and (d) chaotic bright soliton at drop port.
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Figure 6: The signals in time domain (time span 0-300 ps) of a Panda-ring resonator for (a)

Gaussian beam fed into the input port, (b) bright soliton in add port, (c) chaotic signal at

through port and(d) chaotic bright soliton at drop port.

-5
; 2 ; 1 :X 10 : S
] i | b —ADD)|
1 505 i
g g
0 ™ O
3000 3050 3100 3000 3050 3100
time(us) time(us)
x10 . . %107 _
5 [—Throughw\ = [ ['—Drop',
g2 Tt gs d -
@ @
s ¢ W
= B nl
0 0
3000 3050 3100 3000 3050 3100
time(us) time(us)

Figure 7: The signals in the time domain (time span 3,000-3,100 ps) of a Panda-ring resonator

for (a) Gaussian beam fed into the input port, (b) bright soliton in add port, (c) chaotic signal

at through port and (d) chaotic bright soliton at drop port.
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Figure 8: Bifurcation response of the Panda-ring resonator.
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3.2 The second category

A plane wave, Eq. (4), with the wavelength of 4,=1.5 pm fed into the input port of
Panda-ring resonator and simultaneously a bright soliton, Eqg. (2), with the center wavelength
of 4, =1.5um is coupled into the add port. The input light and the add port pulses in
wavelength and frequency domains are simulated in Figures 9 and 10. The output to plane
wave power against wavelength and frequency are shown in Figure 11. A specific optical
tweezer(pulse) can be generated at 1.5 pm. The system undergoes a transition from
bifurcation to biostability, then realized the stability interval 1,501-1,509 nm. The signals are
chaotic but they are some on and off stability points of the system with a period of 10 THz.
It means that the combination of plane wave and bright soliton through a Panda-ring
resonator provides a trade-off between stability and bifurcation in the system that
potentially can be used for secured optical communication. A plane wave at the input port
and a bright soliton at add port have been entered into the Panda-ring resonator and the
chaotic signals at through and drop ports are simulated in a time domain in Figures 12, 13
and 14. The results are shown for the different time span of 0-5,000 us, 0-300 ps, 3000-3100
pum, respectively. A powerful signal and some chirped signals in the time domain can be
realized from the output of Panda-ring resonator. The nonlinearity response of the Panda-
ring in the second category is simulated in Figure 14. The last category focused on the
Panda-ring response for an input plane wave, Eq. (4), with the wavelength of 1.5 pm and a
dark soliton, Eqg. (3), with center wavelength of 1.5 pm is input at the add port, where the
modulation is formed. The input light and the add port pulses in wavelength and frequency
domains are simulated in Figures 15 and 16.

The output to plane wave power against wavelength and frequency for the third
category are shown in Figure 17, where the output is the chaotic signals. but periodic stability
states are recognized for this case. Here the system experienced a conversion from
bifurcation to biostability then realized the stability interval 1,497-1,503 nm and 1,500-1,506
nm at drop port and through port, respectively. On the other hand, an arrangement of plane
wave and dark soliton in a Panda-ring resonator provides periodic stability and bifurcation in
the system that is tunable and practical in optical communication security. A plane wave at
an input port and a dark soliton at add port have been entered into the Panda-ring resonator
and the chaotic signals at through and drop ports are simulated in a time domain as shown
in Figures 18, 19 and 20. The results are shown for the different time span of 0-5,000 us,
0-300 ps, 3,000-3,100 ps, respectively. A powerful signal and some chirped signals in the time

10
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domain can be realized from an output of Panda-ring resonator. The nonlinearity response of
the Panda-ring resonator in the second category is simulated as shown in Figure 21. As shown

in Figure 21, for low power input and low power drop port signals there exists a stable and
short-lived area.
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Figure 9: The signal responses versus wavelength, where (a) plane wave at the input port, (b)
bright soliton at the add port, (c) chaotic signal at through port, (d) chaotic bright soliton at
drop port.
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Figure 10: The frequency response of a Panda-ring resonator, where (a) plane wave at the

input port, (b) bright soliton at the add port, (c) chaotic signal at through port, (d) chaotic
bright soliton at drop port.
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Figure 13: The signals in time domain (time span 0-300 ps) of a Panda-ring resonator for (a)

plane wave coupled into the input port, (b) bright soliton in add port, (c) chaotic signal at

through port and (d) chaotic bright soliton at drop port.
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Figure 14: The signals in time domain (time span 3,000-3,100 us) of a Panda-ring resonator

for (a) plane wave coupled into the input port, (b) bright soliton in add port, (c) chaotic signal
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Figure 17: The frequency response of a Panda-ring resonator, where (a) plane wave at the
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Figure 20: The signals in time domain (time span 0-300 us) of a Panda-ring resonator for (a)
plane wave coupled into the input port, (b) bright soliton in add port, (c) chaotic signal at
through port and(d) chaotic bright soliton at drop port.
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Figure 21: The signals in time domain (time span 3,000-3,100 us) of a Panda-ring resonator
for (a) plane wave coupled into the input port, (b) bright soliton in add port, (c) chaotic signal
at through port and (d) chaotic bright soliton at drop port.
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Figure 22: A Panda-ring’s response for plane wave input light and bright soliton at add port,
where (a) drop against input and (b) through against input.

We have proposed a concept of using a soliton modulated circuit regarding a few
advantages, which are (i) the soliton source wavelength, (i) the applied antenna is within the
radio wave does not interfere with the currently applied frequency bands from other
transmissions, and (iii) various potential applications. Further, the new material called a
chalcogenide glass can be used to form the circuit, from which the wavelength range can be
extended to cover the radio wave frequency. From the obtained simulation results of a
modified add-drop multiplexing circuit, which is a tiny device that can be fabricated and
integrated to be a signal transmission node. In this case, the connection between vehicles in
the road traffic can be applied by the micro antenna, which is not our proposed work. We
are concentrated on the link from one node to others along the road (side road) by using
the free-space link, of course, a soliton transmission is recommended. The transmission from
vehicles-to-vehicles nodes to vehicles can be employed by the same antenna. By using the
proposed concept, the communication coverage area can be of 1 km radius, which means
that the free-space transmission to the train and helicopter can also be applied. Moreover,
the link of nodes to the underground train is also available. Soliton communication is, of
course, the available power can be used with the high capacity and reliability. In some cases,
if cable transmission is required, it is also suitable. More applications to the designed circuit
such as multiplexing, modulating, filtering can also be done via the specified input ports. The
transmission based-on security using the chaotic and bifurcation signals are also available,

while the quantum cryptography can also be applied due to the soliton property that the
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entangle soliton can be generated and applied by the bright and dark soliton conversion

aspect.

4. Conclusion

This paper proposed the very challenging system of a soliton modulated source within
a microring add-drop multiplexer. The device materials are GaAsInP-InP and SOI that are
commercially available, in which the device scales are within the fabrication ability. A soliton
power itself can be used for a long-distance transmission node. From the obtained results
have shown that there are various forms of the inputs and outputs suitable for the proposed
applications. We have recommended using for a LiFi V2X connection nodes, which is suitable
for the side road of the traffic. Moreover, the applications for the sky and underground link

within the link radius of 1 km is also plausible.
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