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Abstract: The min idea of this study is to generate soliton signals and transmit over various distances. Optical
solitons can be formed when a balance has been established between self-phase modulation and group velocity
dispersion within the regime of anomalous dispersion. The consequent governing wave equation is of the nonlinear
Schrodinger (NLS) type for long-distance communication systems. The use of soliton transmission is an interesting
method due mainly to its potential capability to overcome the effect of fiber dispersion and to provide all optical
transmission systems. In this work, series of (MRRs) connected is presented as a soliton pulse generator. The system
uses chaotic signals generated by a bright soliton pulse propagating inside a nonlinear MRR system. The chaotic
signals can be generated via a set of MRRs. The nonlinear behavior of light within a nonlinear MRR is investigated.
Travelling of light inside an MRR system is analyzed by manipulating the variable parameters such as radius,
nonlinear refractive index and coupling coefficient of the MRR. In this paper, we investigate the results based on the
generation of chaotic signals within nonlinear fiber ring resonator. The mathematical equation of the ring system is
solved using the Z-transform method.
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1.0 Introduction the various propagation velocities of the optical
signals for different modes (Nikoukar et al. 2012).
Optical soliton can be defined as a single The first wave guide in the world was
self-reinforcing wave (Shahidinejad et al. 2013) proposed by J. J. Thomson in 1893 (Rankin and
which is able to maintain the signal shapes while Tirkel), and it was experimentally verified by O. J.
traveling with a stable speed (Ali Nikoukar 2014). Lodge in 1894. Analysis of the propagating modes
The Idea of optical soliton incorporates its was done mathematically by Lord Rayleigh in 1897
nonlinearity feature and aims to eliminate and replace (Packard 1984) within a hollow metal cylinder.
fiber optic. Therefore, optical solitons are pulses that Placing two mirrors in a Fabry-Perot interferometer
travel without distortion because of dispersion or structure, Gordon Gould (an American physicist
other agents (Amiri et al. 2014). credited with the invention of the laser) in November
There are several problems that limit the 1957 fabricated a suitable optical resonator (Perrone
distance of radio over fiber data transmission (Sauer et al. 1993).
et al. 2007). The major sources of such problems MRR has many interesting and effective
include dispersion and distortion of the signals applications because of its own nature (Amiri et al.
(Sharma et al. 2012). If a non-monochromatic light 2012). The first application which comes to mind is
impulse is transmitted through an optical fiber (Yang the use of MRR in optical delay circuits (Johnson and
et al. 2012), its shape changes along the fiber as a Huber 2011). Another important field is the use of
consequence of light wave speed dependence on MRR for dispersion compensation (Amiri et al.
various factors (Banta et al. 2011). The pulse width 2013b). A single ring resonator integrated with a
gradually increases and the peak power of the photo diode could be used, for example, to stabilize a
impulse is reduced (Geng er al. 2011). Dispersion laser diode emitting at a specific wavelength
reduces the effective bandwidth and at the same time (Carlborg et al. 2010).
it escalates the error rate due to an increasing inter
(Jin et al. 2011) symbol interference. Distortion is a 2.0 Theoretical Modeling
phenomenon that occurs in fiber optics and some
other similar waveguides. Distortion causes the signal MRR consists of a single coupler and a
to be spread over time (Karel ef al. 2010) because of single ring. Light of appropriate (Shahidinejad et al.
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2012) wavelength is injected into the loop by the interference. Since only some wavelengths resonate
input waveguide. Over multiple round trips, the within the loop, it functions as a filter (Nikoukar et
intensity will build up due to constructive al. 2013a).

The nonlinearity of fibre MRR is of the Kerr-type wherein the refractive index of nonlinear is given by
Equation (1)

n=n0+n21=n0+(&)P, (1
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Figure (1) Schematic illustration of a single MRR connected to a fiber coupler.
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The relation between the electric fields E1 and E2 can be expressed using the nonlinear form as:
Ey = Eyxexpi=j(dy + dnp)} (2)

2
where ¢ = kLngand $py = kan‘El‘ are expressed as linear and nonlinear phase shifts, k =27/1 is a
wave number and L is the circumference of the MRR. x = exp(-aL/2) represents a round trip loss for the input pulse
propagating inside the MRR; the subsequent Equations of the round trip within the system is given by Equation

Epp1 = INU=KEy + (1 =) - x)xE, exp(=j(dy + ¢np ) 3)

where the subscript “n” denotes the number of round trips inside the MRR. Equation (3) has to be satisfied
with boundary conditions appropriate to MRR. For the sake of definiteness, we consider an MRR connected to a
single coupler that extracts light from the ring into the output waveguides, as schematically shown in Figure (1). For
more simplicity, we consider that the coupler device is ideal, where it simply splits the input fields without internal
losses at the operating wavelength. We also ignore reflectivities at the coupler—waveguide interface, which is usually
a good approximation due to the same structure of the output waveguides and the coupler. With regards to the steady
situation of the Equation (4), the output field can be expressed as:

[ V1 =y x exp(=j(dy + dpp))
By =Ny Ep| VI—x - : (4)
1=y =) (1 =x) x exp(=j(dy + Ppy )

Thus, the output power of the light field from Equation (4) is given by Equation (5).
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Equation (4) is a mathematical relation used for characterizing the nonlinear effects of the ring resonator
system(Amiri et al. 2013a). Optical fields of dark and bright soliton pulse can be inserted into the input port of the

T
multi-stage MRR system expressed by: £, (1, z) = 4sec h{—:| epr - j - iwot:| (6)

T
E;, (t,z) = Atanh| — |exp : — iyt (7)
T 2Lp

where A is the amplitude of optical fields and z is the distance of propagation, respectively, while ¢ is the soliton
phase shift time, and the carrier frequency of the signal is w,. T is the required time of a soliton pulse to propagate.
The dispersion length of the soliton pulse is described by L, = T7/|;|I where f8; is a propagation constant. Optical
beams have an internal tendency to spread as they propagate in a homogeneous medium. An optical waveguide is an
important device to present a balance between chromatic dispersion and phase shift modulation where the medium is
uniform in the direction of propagation. With the MRR device, a balance should be achieved between the dispersion
length (Lp) and the nonlinear length (Lyz) (Dudley et al. 2013) for the temporal soliton pulse, while the spatial
soliton can be formed when the balance is established between the diffraction and the nonlinear effect. The nonlinear
length can be described by the relation (Ly, = (1/y¢n;), where y and @y, are the coupling losses of the field amplitude
and nonlinear (Nikoukar et al. 2013b) phase shift, respectively.

3.0 Proposed System

Optical soliton is a powerful laser pulse used to expand the optical signal transmission while it propagates
within the nonlinear MRR. Additionally, the large output gain is obtained by the soliton self-phase modulation.

Brlght Soliton
—

Figure 2. A schematic of the proposed MRR system

Figure (2) shows the different stages of chaotic signal generation. As can be seen in the figure (2)
consecutive MRRs have been employed to generate a single trapped peak of the Soliton pulse. The bright soliton
pulses input to the first ring resonator have the power of 1 mw. Figure (3) presents the corresponding graphs of the
input signal as well as the output at each stage of resonance. As seen in Figure (2), the output of each MRR is used
as the input to the next one. The suitable ring radii and coupling coefficients are heuristically calculated as
R=15pm, R,=9um, Ry=Tum, K;=0.96, K,=0.94, and K;=0.92 .The used semiconductor waveguide is InGaAsP/InP,

where the effective core areas range from 4, = 10 to 50 um’. The nonlinear refractive index is n,=2.2 x 107 m’/W.
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4.0 Result and Discussion

It can be observed from the graphs of the signals that at output of each MRR, the amplitude of the signal
has been enhanced and the signal has been sharpened and the corresponding Full width at half maximum (FWHM)
(Afroozeh et al. 2012) has been decreased. This results in a single trapped peak at the output of the last MRR as
illustrated in Figure (3) and (4).
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Figure 3. Results of chaotic signal generation with centre wavelength of the trapped peak in the time domain of
15ns (a): input bright soliton, (b): intensity power from R;
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Figure 4. Output of the proposed series of ring resonators with centre wavelength of approx. 15 ns to be transmitted

in long distance optical fiber.

The theoretical equations of the presented systems are based on the quantum theory which can be solved
using the Z-transform method. In most cases of the chaotic carrier signal generation, quantum theory is necessary for
the description of the pulse behavior.

Using the OptiSystem software simulation program (Richards 2012) with similar signal generating
components and fiber material and settings, it has been attempted to evaluate the performance of the proposed
system in delivering the generated trapped peak of both Soliton and laser pulses over various long distances. The
signal at destinations set at distances 0, 20, 50, 100, and 200 km from the generation point has been plotted for the
two types of pulses.
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Figure 5. Transmitted signals at the destination for Soliton and corresponding Laser signal: (al) and (a2) at 0 km,
(b1) and (b2) at 20km, (c1) and (c2) at 50km, (d1) and (d2) at 100km, (el) and (e2) at 200km.
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It is evident from the graphs that at longer
distances, the Soliton pulse is much sharper and more
readable than the laser counterpart. At 200 km, the
laser signal is practically lost and almost fades out
making it totally unreadable by photo detectors.
However, the Soliton signal has the capability of
retaining its shape and power with the use of
amplifiers although it experiences similar fading and
signal loss phenomenon over long distances. This
outstanding feature of Soliton pulse makes it ideal for
long distance signal transmission.

5.0 Conclusion

A system incorporating multiple MRRs has
been proposed to generate a Soliton peak with the
feature of providing longer signal transmission while
keeping its shape and power allowing overcoming the
signal loss problems such as dispersion and
diffraction which cause signal loss in conventional
laser systems over long distances.
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