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เกาสเซียนพัลล โซลิตอนมืด และโซลิตอนสวาง โดยใชพารามิเตอรที่เหมาะสม 
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Abstract 

 
In this thesis, we use mathematical simulation to study the results of light pulse 

propagating within a ring resonator system. The inputs are light pulses of three forms: the 

Gaussian pulse, the dark soliton and the bright soliton, using the suitable simulation 

parameters. 

The simulation employs two different ring resonator systems. Each system accepts 

all three forms of inputs. Both systems have one add/drop filter. The first system has two 

ring resonators while the second system has three. Both systems give bright solitons, for all 

types of inputs. However, in the first system, the bright solitons are detected from the 

throughput port only while in the second system, the bright solitons are detected from both 

the throughput port and the drop port. 

The most interesting result is the bright soliton pulses from ring resonator systems by 

using the Gaussian pulse input, which can be used to produce the bright soliton generator 

from a laser pulse. 
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Chapter I 

Introduction 

1.1  Statement and Significant of the Problems 
Fibre optic networks are the backbone of communication systems, they can 

send and receive data in high speed rate. One technique is the fibre transmission 

capacity using different transmission wavelengths at the same time, this technique 

is called “Wavelength division multiplexing” (WDM) [1]. 

For example WDM filter devices:  

 
Figure 1.1 Band pass filter which selects the desired channel [1]. 

 

 
Figure 1.2 The Multiplexer combines sources with different wavelengths into 

a single output. In reverse direction, the structure is used as demultiplexer [1]. 

 

 
Figure 1.3 Optical add-drop multiplexer where channel k  is added to and 

channel i  is dropped from the WDM spectrum [1]. 

 



2 

 

The WDM communication systems require optical components, and therefore 

a Gaussian pulse was used. The Gaussian pulse has been recognized in the form 

of a laser pulse, and so the Gaussian pulse generator is very low cost. However, 

the laser pulse has some problems, i.e. the high output power or long distance. 

Optical soliton came to be a powerful tool that can overcome some of these 

problems. The non-dispersion of soliton in medium is an advantage. The solitons 

can naturally be divided into classes of dark soliton and bright soliton. The soliton 

generations and their behaviors are analyzed and described by Agarwal [2].  The 

solitons can be used as an information carrier in long distance high-speed optical 

transmissions.  

 

1.2   Objectives of the study 
The research aims to study the light pulses and the output of light pulse 

propagating within the ring resonator systems, and then design the ring resonator 

systems. After that, it studies and develops the mathematical simulation of the 

behaviors of light pulse propagation in the ring resonator systems.                                                          

 

1.3  Scopes of the study 
Design the ring resonator systems in order to simulate the results which are 

obtained from the Gaussian pulse, bright soliton pulse and dark soliton pulse. 

The use of InGaAsP/InP as the fabricated material is proposed. 

1.4  Process of the study 
The process of the study following: 

1) Study the Gaussian pulse, bright soliton pulse and dark soliton pulse. 

2) Study the ratio between the output and input fields from a single ring 

resonator. 

3) Study the ratio between the output and input fields from an add/drop filter. 

4) Simulate the results from the ring resonator systems. 

5) Discuss the results. 

 

 



3 

 

1.5  Benefits of the study 
One can understand the processing of light pulse propagation with in the ring 

resonator. Furthermore, one can use the result of the three forms of laser pulses, 

such as Gaussian soliton, dark and bright soliton propagating within the proposed 

ring resonator systems for signal transmission. Moreover, it is used to encode 

signal in fibre optic communications. 
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Chapter II 

Pulse Propagation and Ring Resonator 

       This chapter contains the knowledge of pulse propagating in waveguide and ring 

resonator.  

2.1 The optical field and loss in propagation 

The optical field is used in physics and vector calculus to designate the 

electric field shown as E   in the electromagnetic wave equation which can be 

derived from Maxwell's Equations. In electromagnetic theory, the electromagnetic 

wave propagates such that both the magnetic field oscillation and the electric field 

oscillation are perpendicular to the direction of propagation of the wave. As with any 

wave, the electromagnetic wave carrier energy, thus the total energy density is 

shared between the constituent electric and magnetic fields. Since the electric field 

is well more effective at exerting forces and doing work on charges than the 

magnetic field, the electric field E  is assigned to as the optical field [3]. 

Optical power ( P  ) is the degree to which a lens, mirror, or other optical 

system converges or diverges light. It is equal to the correlative of the focal length of 

the device. High optical power accords to short focal length. The SI unit for optical 

power is the inverse metre (m-1) [4]. 

Intensity ( I  ) is the power translated per unit area, which is transmitted 

through a fabricated surface perpendicular to the propagation direction. In the SI 

system, it has unit’s watts per square metre (W/m2). It is used most frequently with 

waves (e.g. sound or light), in which case the average power transfers over one 

period of the wave is used [5]. 

The intensity attenuation coefficient (  ) is the gradual loss in intensity of 

any kind of flux through a medium. Attenuation in fiber optics, also known as 

transmission loss, is the contraction in intensity of the light beam (or signal) with 

respect to distance transited through a transmission medium. Attenuation coefficients 

in fiber optics usually use units of dB/km through the medium mature to the 
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relatively high aspect of transparency of modern optical transmission media. The 

attenuation coefficient is a portion that characterizes how easily a material or 

medium can be accessed by a beam of light, sound, particles, or other energy or 

matter. A large attenuation coefficient means that the beam is quickly "attenuated" 

as it passes through the medium, and a small attenuation coefficient means that the 

medium is relatively clear to the beam. The attenuation coefficient is the fellow of 

the penetration depth, and is measured in units of reciprocal length [6]. 

The insertion loss (  ) is the loss of signal power producing from the insertion 

of a device in a transmission line or optical fibre and is usually intended in decibels 

(dB) [7]. 

In electromagnetic theory, the phase constant, also called phase change 

constant, parameter or coefficient is the imaginary component of the propagation 

constant for a uniform wave. It expresses the change in phase per metre along the 

path moved by the wave at any instant and is equal to real part of the angular 

wavenumber of the wave. It is performed by the symbol nk  (The wave propagation 

number) and is measured in units of radians per metre. From the definition of 

wavenumber [8] 

2 2 2
n

f n
k

v vt

  


     

where    is the wavelength, 

 f   is the frequency, 

 v   is the velocity, 

 n   is the event occurred, 

 t   is the time. 

 Coupling is the adorable or undesirable transfer of energy from one medium, 

such as a metallurgic wire or an optical fiber, to another medium, entering fortuitous 

transfer. Coupling is also the shift of electrical energy from one circuit segment to 

another. For example, energy is transmitted from a power source to an electrical 
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load by means of conductive coupling, which may be either immune or hard-wire.  

An AC potential may be transmitted from one circuit segment to another having a DC 

potential by use of a capacitor.  Electrical energy may be transmitted from one 

circuit segment to another segment with different impedance by use of a 

transformer. This is known as impedance matching. These are examples of 

electrostatic and electrodynamics inductive coupling. The coupling coefficient of 

resonators (  ) is a dimensionless value that characterizes communication of two 

resonators. Coupling coefficients are used in resonator filter theory. Resonators may 

be both electromagnetic and acoustic. Coupling coefficients well-adjudge with 

resonant frequencies and external quality factors of resonators are the generalized 

parameters of filters. In order to adjust the frequency lip of the filter, it is sufficient to 

optimize only these generalized parameters [9]. 

2.2 The Gaussian pulse 

Lasers are sources of light with very special properties, as explained in the 

article on laser light. For that reason, there is a great variety of laser applications. The 

following sections award an overview.  

In manufacturing, lasers are extensively used in manufacturing, e.g. for cutting, 

drilling, cladding, marking, soldering, ablating, surface treatment, engraving, 

micromachining, hardening, pulsed laser deposition, alignment, etc. In most cases, 

relatively high optical intensities are applied to a small spot, leading to intense 

heating, possibly evaporation and plasma generation. Essential aspects are the high 

spatial coherence of laser light, allowing for strong focusing, and often also the 

potential for generating intense pulses. 

Laser processing methods have much leverage, compared with mechanical 

approaches. They grant the fabrication of very fine structures with high quality, 

avoiding mechanical stress such as caused by mechanical drills and blades. A laser 

beam with high beam quality can be used to drill very elegant and wide holes, e.g. 

for injection nozzles. A high processing speed is often managed, e.g. in the fabrication 

of filter sieves. Further, the lifetime limitation of mechanical tools is deleted. It can 

also be propitious to process materials without touching them. 
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In medical Applications, there is a wide bound of medical applications. Often 

these impart to the outer parts of the human body, which are easily compassed with 

light; examples are eye surgery and vision correction (LASIK), dentistry, dermatology 

and various kinds of cosmetic treatment such as tattoo removal. 

Lasers are also used for surgery, exploiting the possibility to rip tissues while 

causing minimal bleeding. Very different types of lasers are required for medical 

applications, depending on the optical wavelength, output power, etc. In many 

cases, the laser wavelength is popular such that certain substances (e.g. pigments in 

tattoos or caries in teeth) absorb light more strongly than border tissue, so that they 

can be more precisely targeted. Medical lasers are not always used for cure. Some of 

them rather relief the diagnosis, e.g. via methods of ocular imaging, laser microscopy 

or spectroscopy. 

In metrology, lasers are widely used in optical measure, e.g. for extremely 

precise position metrologies and optical surface profiling with interferometers, for 

long-distance range finding and exploration. Laser scanners are based on 

accumulated laser beams, which can read e.g. bar codes or other graphics over some 

distance. It is also possible to scan three-dimensional objects, e.g. in the background 

of crime scene investigation (CSI). Optical sampling is a technique applied for the 

impersonation of fast electronic microcircuits, microwave photonics, terahertz 

science, etc. 

Lasers also grant for extremely precise time measurements and are therefore 

essential component of optical clocks which are beginning to outperform the directly 

used cesium atomic clocks. Fibre-optic sensors, often probed with laser light, allow 

for the divided measurement of temperature, stress, and other quantities e.g. in oil 

pipelines and wings of airplanes [10]. 
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A Gaussian pulse has a characteristic symmetric bell curve shape, the 

Gaussian pulse can be represented by a laser pulse. It is in the form  

 20( ) t tE t Ae          (2.1) 

where  A   is the amplitude, 

0t   is the center of curve. 

  

Figure 2.1 The Gaussian pulse of wavelength. 

 

2.3  The soliton pulses 

In this section, we introduce soliton pulses, the solitons are caused by a 

cancellation of nonlinear and dispersive effects in the medium, which there are 

two different soliton pulses for this thesis. 

An optical soliton is a pulse that propagates without distortion due to 

dispersion or other effects. They are a nonlinear phenomenon caused by self-

phase modulation (SPM) which means that the electric field of the wave changes 

the index of refraction viewed by the wave (Kerr effect). SPM causes a red shift at 

the leading edge of the pulse. Solitons obtain when this shift is removed due to 

the blue shift at the leading edge of a pulse in a region of anomalous dispersion, 

resulting in a pulse that retains its shape in both frequency and time. Solitons are 

therefore an essential development in the field of optical communications [11]. 
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2.3.1 The bright soliton pulse 

A bright soliton is characterized as a localized intensity peak above a 

continuous wave background, it for which the incident field is of the form 

0
2

0

0

( ) sec h D

z
i t

LT
E t E e

T

 
  

 
      (2.2) 

where  0E   is the constant light field amplitude, 

T    is the soliton pulse propagation time in a frame moving at the group 

velocity, 

 0T    is the soliton pulse propagation time at initial input, 

 z   is the propagation distance, 

 DL    is the dispersion length of the soliton pulse, 

 0    is the frequency shift of the soliton, 

 t   is the soliton phase shift time. 

 

Figure 2.2 The bright soliton pulse. 
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2.3.2 The dark soliton pulse 

A dark soliton pulse is featured as a localized intensity plunge below a 

continuous wave background, it for which the incident field is of the form 

  
0

2
0

0

( ) tan h D

z
i t

LT
E t E e

T

 
  

 
      (2.3) 

 

Figure 2.3 The dark soliton pulse. 
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2.4  The refractive index 

       The refractive index is a dimensionless number that depicts how light, or any 

other radiation, propagates through that medium. The refractive index ranges with 

the wavelength of light. This is called dispersion and causes the rifting of white light 

into its constituent colors in prisms and rainbows, and chromatic aberration in lenses. 

Light propagation in absorbing materials can be depicted using a complex valued 

refractive index. The imaginary part then holds the attenuation, while the real part 

accounts for refraction [12]. It is given by 

  0 2 0 2

eff

P
n n n I n n

A

 
      

 
      (2.4) 

where  0n   is linear refractive index, 

 2n   is nonlinear refractive index, 

 I   is optical intensity, 

 P   is optical power, 

 effA   is effective mode core area of the device. 
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2.5 The light pulse propagations 

2.5.1 Waveguide 

A waveguide is a structure that guides waves, such as electromagnetic waves 

or sound waves. There are different types of waveguides for each type of wave. The 

wave guide in this thesis is called “optical waveguide”. The light pulse propagating in 

the line wave guide has the relation of throughput port optical field and input light 

field shown in Eq. (2.5), the arrow show the direction of optical field 

 

Figure 2.4 The optical field travelling within waveguide. 

 

2
nz ik z

out inE E e


 

         (2.5) 

where  outE    is the optical fields of the throughput,  

inE   is the input light field, 

   is the intensity attenuation coefficient of waveguide 0 1   , 

nk   is the wave propagation number in a vacuum, 

L   is the waveguide length. 

  

 

 

 

 



13 

 

2.5.2 Coupler 

A fibre coupler is a four-port device subsisting of two fibres that have been 

fused together, etched, or polished over a small interaction region [3]. 

 

 

Figure 2.5 The optical fields coupling.  

 

 1 1 21 1out in inE E E i           (2.6) 

 2 2 11 1out in inE E E i           (2.7) 

where     is the intensity insertion loss coefficient of coupler 0 1   , 

   is the amplitude coupling coefficient of the coupling region 0 1  . 
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2.6 The ring resonator 

        2.6.1 The single ring resonator 

 An optical ring resonator is a set of waveguides in which at least one is a 

closed loop coupled to some kind of light input and output. The concepts abaft 

optical ring resonators are the same as those behind whispering galleries except that 

they use light and follow the properties behind effective interference and total 

internal reflection. When light of the resonant wavelength is travelled through the 

loop from input waveguide, it makes up in intensity over multiple round-trips due to 

constructive interference and is output to the output bus waveguide which deal as a 

detector waveguide. Because only a select few wavelengths will be at resonance 

within the loop, the optical ring resonator functions as a filter. Additionally, as 

implied earlier, two or more ring waveguides can be coupled to each other to form 

an add/drop optical filter. Critical to explaining how an optical ring resonator works, is 

the comprehension of how the linear waveguides are coupled to the ring waveguide. 

When a beam of light passes through a wave guide as shown in the graph on the 

right, part of light will be coupled into the optical ring resonator. The logic for this 

phenomenon to happen is because the wave property of the light, or if we consider 

it in ray optics, it is because of the transportation effect. In other words, if the ring 

and the waveguide are close enough, the light in the waveguide will be translated 

into the ring. There are three aspects that disturb the optical coupling: the distance, 

the coupling length and the refractive indices between the waveguide and the 

optical ring resonator. In order to optimize the coupling, it is usually the case to slim 

the distance between the ring resonator and the waveguide. The closer the distance, 

the easier the optical coupling happens. In addition, the coupling length affects the 

coupling as well. The coupling length represents the effective curve length of the 

ring resonator for the coupling aspect to happen with the waveguide. It has been 

studied that as the optical coupling length increases, the difficulty for the coupling to 

happen decreases. Furthermore, the refractive index of the waveguide material, the 

ring resonator material and the medium material in between the waveguide and the 

ring resonator also perturb the optical coupling. The medium material is usually the 

important one been studied since it has a great effect on the translation of the light 
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wave. The refractive index of the medium can be either large or small concord to 

various applications and purposes [13]. 

 

Figure 2.6 The optical field travelling in the ring resonator [6]. 

 

 When the optical field propagating in the ring resonator, the optical field can 

calculate by Eq. (2.6), (2.7) and (2.5), so  

 1 21 1inE E i E           (2.8) 

 21 1inoutE E i E           (2.9) 

  2
2 1

nz ik z

E E e


 

        (2.10) 

therefore 

  2
1 11 1

nz ik z

inE E i E e


  
  

    
 
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n
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z ik z
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e


 

 
 




  

  

Substitute 1E   in Eq. (2.10), so 
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E i e
E

e





 

 

 

 




  

  

Substitute 2E   in Eq. (2.9), therefore 

2
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1 1

1 1 1

n

n
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E i e
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e




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  

 

 

 

  
       

       
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 (2.11) 

 

    The ratio between the output and input fields in single ring resonator, which can 

be expressed as 
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 (2.12) 

Where nk z    is the phase. 
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2.6.2 The add/drop filter 

An optical add/drop multiplexer is a device used in wavelength-division 

multiplexing systems for multiplexing and routing different channels of light into or 

out of a single mode fibre. This is a type of optical node, which is generally used for 

the conception of optical telecommunications networks. "Add" and "drop" here refer 

to the capability of the device to add one or more new wavelength channels to an 

existing multi-wavelength WDM signal, and/or to drop (remove) one or more 

channels, passing those signals to another network passage. An optical add-drop 

multiplexer may be considered to be a special type of optical cross-connect [14]. 

 

   Figure 2.7 The optical field travelling in the add/drop filter [6]. 

 

Assume that 0aE   , the ratio between the output and input fields in 

add/drop filter, which can be expressed as 

   

   

2
2

1 1 2 2

2

2
1 2 1 2

1 2 1 1 cos 1

1 1 1 2 1 1 cos

z
z

out

z
zin

E e e

E
e e







    

    







     

    





    (2.13) 

   

2
2

1 2
2

2
1 2 1 21 1 1 2 1 1 cos

z

d

z
zin

E e

E e e






 

    




    





    (2.14). 

 



18 

 

Chapter III 

The System of Ring Resonators 

This chapter contains the method to design some systems of ring resonator. 

In this thesis, we use the mathematical simulation to show the behaviors of light 

pulse propagating within the microring resonator. The material used is InGaAsP / InP. 

The light pulses used in this research are three different forms: Gaussian pulse, bright 

and dark soliton pulses. 

 The ring resonators in the system have size in micrometre, it’s called “the 

microring resonator”. In this thesis, the author fixed some parameters for the ring 

resonators system. 
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3.1 The first system: two ring resonators and an add/drop filter 

 The first system contained two ring resonators and an add/drop filter, 

which 1R  , 2R   and dR   are ring radii in micrometre scale. The light pulse input  inE   

travel from 1R  to 2R  and then dR  . The light pulse output are tE  and dE  . The 

second ring resonator ( 2R  ) has accelerated the resonance of light pulse, and the 

add/drop filter have filter the light pulse. 

 

 

Figure 3.1 The first system of ring resonator. 
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We will split the considered system into 3 stages. 

Stage 1: we can obtain 1RE   from inE   by ring 1R   (shown in Fig. 3.1.1). 

 

Figure 3.2 The ring 1R  in first system. 

Stage 2: we will input the 1RE  into the ring 2R  (shown in Fig. 3.1.2). 

 

   
  

Figure 3.3 The ring 2R  in first system. 
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Stage 3: this stage the input is 2RE   travelling into ring dR  . It given two outputs, 

there are outE   and aE  (shown in Fig. 3.1.3). 

 

Figure 3.4 The ring(add/drop filter) dR  in first system. 
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3.2 The second system: three ring resonators and add/drop filter 

 The second system contained three ring resonators and an add/drop filter. 

The light pulse travelling same as the first system.  

 

Figure 3.5 The second ring resonator system. 

 

We have 4 stages in this system, it propagations similarly the first system. 
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Chapter IV 

The Generating of Bright Solitons 

 This chapter contains the results of light pulse propagating from the first and 

second systems in chapter 3. 

 We will propose the simulation into 3 cases. The input pulses are different:  

1. Gaussian pulse 

2. bright soliton pulse 

3. dark soliton pulse. 
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4.1 The outputs of first system 

 In this section, we get the results of light propagating from the first system in 

chapter 3, the results of three type light pulse inputs are the bright soliton at 

throughput port of first system. 

The parameters for the first system are used, ring radii 1R  = 16 µm, 2R  = 5.0 

µm, and dR  = 25.0 µm, linear refractive index 0n   = 3.34 (InGaAsP/InP), the nonlinear 

refractive index 2n =2.2x10-17 m2/W, effective mode core area effA  = 0.50 µm2 and 

0.25 µm2 for a microring resonator and add/drop filter, respectively, intensity 

attenuation coefficient   = 0.5 dB mm-1, insertion loss    = 0.1, coupling coefficient 

1 =0.55, 2 =0.7, 3 4  =0.9, and setting aE  = 0 (no add the light pulse into add 

port) 

 

 

Ring 
1R  2R  dR  0n  2n  effA      1  2  3  4  

1R  16 - - 3.34 2.2x10-17 0.5 0.5 0.1 0.55 - - - 

2R  - 5 - 3.34 2.2x10-17 0.5 0.5 0.1 - 0.7 - - 

dR  - - 25 3.34 2.2x10-17 0.25 0.5 0.1 - - 0.9 0.9 

Table 4.1 the table of parameters for first system. 
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4.1.1 The output by using the Gaussian pulse as the input port 

The Gaussian pulse with center wavelength ( 0  ) at 1.55 µm, peak power at 

1W/m2 is input into the system as shown in Fig. 4.1.  

 

Figure 4.1 Gaussian pulse input inE  for first system. 
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The first stage ( 1R  ), when the Gaussian pulse travelling in the ring resonator 1R  , we 

get the 1RE  from the first ring 1R .  

 

 

Figure 4.2 The ring 1R . 

 

 

Figure 4.3 Output 1RE  from ring 1R . 

 

In this stage, the output power increase from 1W/m2 to 5W/m2. 
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Second stage ( 2R ), we get the 2RE   from the second ring 2R  .  

 

 

Figure 4.4 The ring 2R . 

 

 

Figure 4.5 Output 2RE  from ring 2R . 

 

This stage, the output power increase from 5W/m2 to 45W/m2. 
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Final stage in the first system for the Gaussian pulse input ( dR ), we get two outputs 

from the add/drop filter dR , there are the outE and dE  .  

 

 

Figure 4.6 The add/drop filter dR . 

 

 

Figure 4.7 Output outE  at throughput port form add/drop filter dR . 
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Figure 4.8 Output dE  at drop port form add/drop filter dR . 

 

This stage, the throughput port has the output power at 8 W/m2 and drop 

port can divide the excess power at 40 W/m2. The output at throughput port is the 

bright solitons. 
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4.1.2 The output by using the bright soliton pulse as the input port  

The bright soliton pulse with center wavelength ( 0  ) at 1.55 µm, peak power 

at 1W/m2 is input into the system as shown in Fig. 4.5. 

 

 

Figure 4.9 The bright soliton pulse input inE  for first system. 
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Stage 1 ( 1R  ), we get the 1RE  from the first ring 1R .  

 

 

Figure 4.10 The ring 1R . 

 

 

Figure 4.11 Output 1RE  from ring 1R . 

 

In this stage, the output power increase from 1W/m2 to 4.5W/m2. 
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Stage 2 ( 2R ), we get the 2RE   from the second ring 2R  .  

 

 

Figure 4.12 The ring 2R . 

 

 

Figure 4.13 Output 2RE  from ring 2R . 

 

This stage, the output power increase from 4.5W/m2 to 17W/m2. 
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Stage 3( dR ), the outputs of the first system by using the bright soliton pulse input, 

we get two outputs from the add/drop filter dR , there are the outE and dE  .  

 

 

Figure 4.14 The add/drop filter dR . 

 

 

Figure 4.15 Output outE  at throughput port form add/drop filter dR . 
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Figure 4.16 Output dE  at drop port form add/drop filter dR . 

In this case, we get the bright solitons at throughput and drop ports. The 

increasing of power similarly the Gaussian pulse. The throughput port has the output 

power at 3.5 W/m2 and drop port can divide the excess power at 13 W/m2. 
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4.1.3 The output by using the dark soliton pulse as the input port 

The dark soliton pulse with center wavelength ( 0  ) at 1.55 µm, peak power 

at 1W/m2 is input into the system as shown in Fig. 4.9. 

 

Figure 4.17 The dark soliton pulse input inE  for first system. 
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Stage 1 ( 1R  ), we get the 1RE  from the first ring 1R .  

 

 

Figure 4.18 The ring 1R . 

 

 

Figure 4.19 Output 1RE  from ring 1R . 

 

In this stage, the output power increase from 1W/m2 to 6W/m2. 
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Stage 2 ( 2R ), we get the 2RE   from the second ring 2R  .  

 

 

Figure 4.20 The ring 2R . 

 

 

Figure 4.21 Output 2RE  from ring 2R . 

 

This stage, the output power increase from 6W/m2 to 45W/m2. 
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Stage 3( dR ), the outputs of the first system by using the dark soliton pulse input, we 

get two outputs from the add/drop filter dR , there are the outE and dE  .  

 

 

Figure 4.22 The add/drop filter dR . 

 

 

Figure 4.23 Output outE  at throughput port form add/drop filter dR . 
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Figure 4.24 Output dE  at drop port form add/drop filter dR . 

In case of dark soliton pulse, the increasing powers same the Gaussian pulse 

and the bright soliton pulse. The throughput port has the output power at 10 W/m2 

and drop port can divide the excess power at 40 W/m2. 

We can see that after we input light pulses into the first system from three 

cases: 

Case 1, the Gaussian pulse givens the bright soliton at throughput port, but not bright 

soliton at drop port. 

Case 2, the bright soliton pulse givens the bright soliton at throughput and drop 

ports. 

Case 3, the dark soliton pulse givens the bright soliton at throughput port, but not 

bright soliton at drop port.  

Therefore, we get the bright solitons at throughput port from both light pulses, and 

the ring resonators can boost the power increased many fold. 
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4.2 The outputs of second system 

For the second system, three type light pulse inputs are the bright soliton at 

throughput port of first system, and the parameters for the this system are ring radii, 

where 1R  = 16 µm, 2R  = 7 µm, 3R  = 5 µm, and dR  = 10 µm, linear refractive index, 

where 0n   = 3.34 (InGaAsP/InP), the nonlinear refractive index, where 2n =2.2x10-17 

m2/W, effective mode core area, where effA  = 0.50 µm2 and 0.25 µm2 for a microring 

resonator and add/drop filter, respectively, intensity attenuation coefficient   = 0.5 

dB mm-1, insertion loss    = 0.1, coupling coefficient 1 =0.5, 2 3  =0.05,  

4 5  =0.5, and the input light pulse are same first system. 

Ring 
1R  2R  3R  dR  0n  2n  effA      1  2  3  4  5  

1R  16 - - - 3.34 2.2x10-17 0.5 0.5 0.1 0.5 - - - - 

2R  - 7 - - 3.34 2.2x10-17 0.5 0.5 0.1 - 0.05 - - - 

3R  - - 5 5 3.34 2.2x10-17 0.5 0.5 0.1 - - 0.05 - - 

dR  - - - 10 3.34 2.2x10-17 0.25 0.5 0.1 - - - 0.5 0.5 

Table 4.2 the table of parameters for second system. 
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4.2.1 The output by using the Gaussian pulse as the input port 

The Gaussian pulse with center wavelength ( 0  ) at 1.55 µm, peak power at 

1W/m2 is input into the system as shown in Fig. 4.13.  

 

Figure 4.25 Gaussian pulse input inE  for second system. 
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The first stage ( 1R  ), we get the 1RE  from the first ring 1R .  

 

 

Figure 4.26 The ring 1R . 

 

 

Figure 4.27 Output 1RE  from ring 1R . 

 

In this stage, the output power increase from 1W/m2 to 5W/m2. 
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Stage 2 ( 2R ), we get the 2RE   from the second ring 2R  .  

 

 

Figure 4.28 The ring 2R . 

 

 

Figure 4.29 Output 2RE  from ring 2R . 

 

This stage, the output power increase from 5W/m2 to 35W/m2. 
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Stage 3 ( 3R ), we get the 3RE   from the second ring 3R  .  

 

 

Figure 4.30 The ring 3R . 

 

 

Figure 4.31 Output 3RE  from ring 3R . 

 

This stage, the output power increase from 35W/m2 to 1500W/m2. 
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Stage 4( dR ), the outputs of the first system by using the Gaussian pulse input, we get 

two outputs from the add/drop filter dR , there are the outE and dE  . 

 

 

Figure 4.32 The add/drop filter dR . 

 

Figure 4.33 Output outE  at throughput port form add/drop filter dR . 
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Figure 4.34 Output dE  at drop port form add/drop filter dR . 

 

In case of second system, we get the bright solitons at throughput port and 

drop port. The increasing of power similarly the first system, but it has very high 

power. The throughput port has the output power at 1100 W/m2 and drop port can 

divide the excess power at 700 W/m2. 
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4.2.2 The output by using the bright soliton pulse as the input port 

The bright soliton pulse with center wavelength ( 0  ) at 1.55 µm, peak power 

at 1W/m2 is input into the system as shown in Fig. 4.18. 

 

Figure 4.35 The bright soliton pulse input inE  for second system. 
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Stage 1 ( 1R  ), we get the 1RE  from the first ring 1R .  

 

 

Figure 4.36 The ring 1R . 

 

 

Figure 4.37 Output 1RE  from ring 1R . 

 

In this stage, the output power increase from 1W/m2 to 4W/m2. 
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Stage 2 ( 2R ), we get the 2RE   from the second ring 2R  .  

 

 

Figure 4.38 The ring 2R . 

 

 

Figure 4.39 Output 2RE  from ring 2R . 

 

This stage, the output power increase from 4W/m2 to 35W/m2. 
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Stage 3 ( 3R ), we get the 3RE   from the second ring 3R  .  

 

 

Figure 4.40 The ring 3R . 

 

 

Figure 4.41 Output 3RE  from ring 3R . 

 

In this stage, the output power increase from 35W/m2 to 1400W/m2. 
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Stage 4( dR ), the outputs of the first system by using the bright soliton pulse input, 

we get two outputs from the add/drop filter dR , there are the outE and dE  .  

 

 

Figure 4.42 The add/drop filter dR . 

 

 

Figure 4.43 Output outE  at throughput port form add/drop filter dR . 
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Figure 4.44 Output dE  at drop port form add/drop filter dR . 

 

In case of second system, we get the bright solitons at throughput port and 

drop port. The increasing of power similarly the Gaussian pulse. The throughput port 

has the output power at 1200 W/m2 and drop port can divide the excess power at 

150 W/m2. 
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4.2.3 The output by using the dark soliton pulse as the input port 

The dark soliton pulse with center wavelength ( 0  ) at 1.55 µm, peak power 

at 1W/m2 is input into the system as shown in Fig. 4.23. 

 

 

Figure 4.45 The dark soliton pulse input inE  for second system. 
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Stage 1 ( 1R  ), we get the 1RE  from the first ring 1R .  

 

 

Figure 4.46 The ring 1R . 

 

 

Figure 4.47 Output 1RE  from ring 1R . 

 

In this stage, the output power increase from 1W/m2 to 5W/m2. 
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Stage 2 ( 2R ), we get the 2RE   from the second ring 2R  .  

 

 

Figure 4.48 The ring 2R . 

 

 

Figure 4.49 Output from ring 2R . 

 

In this stage, the output power increase from 5W/m2 to 35W/m2. 
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Stage 3 ( 3R ), we get the 3RE   from the second ring 3R  .  

 

 

Figure 4.50 The ring 3R . 

 

 

Figure 4.51 Output 3RE  from ring 3R . 

 

In this stage, the output power increase from 35W/m2 to 1000W/m2. 
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Stage 4( dR ), the outputs of the first system by using the dark soliton pulse input, we 

get two outputs from the add/drop filter dR , there are the outE and dE  .  

 

 

Figure 4.52 The add/drop filter dR . 

 

 

Figure 4.53 Output outE  at throughput port form add/drop filter dR . 
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Figure 4.54 Output dE  at drop port form add/drop filter dR . 

 

In case of second system, we get the bright solitons at throughput port and 

drop port. The throughput port has the output power at 900 W/m2 and drop port 

can divide the excess power at 500 W/m2. 

We can see that after we input light pulses into the second system from 

three cases: 

Case 1, the Gaussian pulse givens the bright soliton at throughput and drop ports. 

Case 2, the bright soliton pulse givens the bright soliton at throughput and drop 

ports. 

Case 3, the dark soliton pulse givens the bright soliton at throughput and drop ports. 

Therefore, we get the bright solitons at throughput and drop ports from both light 

pulses, and we have the interesting result, that is the bright solitons at throughput 

port from the Gaussian pulse input, and the ring resonators can boost the power 

increased many fold. 
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Chapter V 

Conclusions and Suggestions 

5.1  Conclusions 
This thesis studies the effect of the light pulse passing through ring resonator 

systems. The inputs are light pulses of three forms: the Gaussian pulse, the dark 

soliton and the bright soliton. The simulation shows that light pulses gain more 

power when passing through the system. The outputs are in the form of bright 

solitons, available at the throughput port and/or the drop port, depending on the 

configuration of the ring resonator used. 

The power of the output of the first system is tenfold that of the input while 

the power of the output of the second system is boosted thousand fold. 

 

5.2  Suggestions 
This encounter allows the invention of bright soliton generators using laser 

pulse (Gaussian pulse), which is available at low cost. 

The bright solitons outputs can distribute by the mutiphotons trapping within 

the potential well. 

The ring resonator system can boost the power of light pulses and therefore, 

it can be used to make a repeater. 
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